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MENTAL FATIGUE

INTRODUCTORY

In no field of work has experimental psychology
come into closer contact with the praetical problems
of instruction than in the investigation of fatigue.
Complaints against the overburdening of school
children have been current for a long time. Because
the earlier discussions of the problem, which were
based upon general observations without the assist-
ance of exact methods, were inadequate to settle the
pros and cons of the dispute, experimental observa-
tion has been applied to its solution. The first con-
tribution of this sort appears to have been a research
published by the Russian psychiatrist, J. Sikorski,
in 1879. There have followed, from year to year,
further studies, so that in the last 30 years an exten-
sive literature of mental fatigue has accurnulated.
The very extent of this literature, and the difficulty
of getting hold of it, and the fact that thus far the in-
vestigations have not been brought to a perfectly
satisfactory conclusion, may account for the cireum-
stance that schoolmen have not, as a rule, shown as
much interest in them as they warrant, in spite of
their rather modest results. Indeed, it is not unlikely
that the results would today be in better shape, that
we should have, by now, made hetter progress in our
solution of this complex problem if the schoolmen
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6 MENTAL FATIGUE

themselves, who have at their disposal the richest
material for observation, had participated more than
they have done in the solution of the problem. For
hardly a single one of the investigations that have
been undertaken by teachers has failed to make a
contribution of more or less value. And so, to
awaken the interest, and to bring about in any degree
the co-operation in the study of fatigue of those in
intimate contact with the activities of the school,
cannot fail to be worth while not only for the school,
but also for science.



THE NATURE AND FORMS OF FATIGUE

What do we mean, speaking generally, by fatigue?

If we make no attempt at explanation and inter-
pretation, but confine ourselves simply to the phe-
nomena concerned, we designate by fatigue a condi-
‘tion of our organism that is developed by long-con-
tinued work, and that, in addition to other symptoms,
is characterized in particular by a reduction in ca-
pacity for, and pleasure in, work. It is true, these
symptoms may, for the time being, be counteracted,
even cancelled, by antagonistic factors, so that the
fact that the condition of the organism has been
altered may be inferred only from other circum-
stances. According to the side of our psychophysi-
cal organism whose efficiency for work has been re-
duced—either by mental or by physical work—we
speak of two forms of fatigue—of bodily fatigue as
fatigue for bodily work, and of mental fatigue as
fatigue for mental work.

And according to the nature of the work by which
we fatigue our organism—either for mental or for
physical work—we distinguish between a fatigue by
bodily work and a fatigue by mental work. j

We shall at first consider the fatigue of both sides
of our nature, divided according to the nature of
1ts cause, of the work which induces it.

Later we shall limit our consideration to the
fatigue of the mental side of our organism (in which
we are most interested), regardless of what kind of
work has caused this mental fatigue.

(



THE SYMPTOMS OF FATIGUE

Symptoms of fatigue induced by bodily work. The
most important symptoms of fatigue by bodily work
are well known. If we indulge in physical activity
continuously and for a long time, if we walk or prac-
tice gymnmastics or attempt mountain-climbing or
perform other muscular work, after a certain time
there becomes evident a considerable quickening and
deepening of respiration and an acceleration of the
pulse rate (Mosso, 107, 110; Verworn, 499*), save in
the case of intense effort, where the opposite condi-
tions are more likely to appear (Binet and Henri,
150), and at the same time there appears a rise in
temperature sufficient to cause perspiration—at first
in the members exercised, and then over the entire
body, and finally a reduction of the capacity for work.
We work more slowly, and hence accomplish less in
a given unit of time than at the beginning; our gait,
for instance, becomes slower and shorter, and also
less certain, as mountain-climbers, in partieular, find
to their cost, and the lessened physical capacity
affects not only the members that are directly exer-
cised—here the legs—but other members also, as in
walking the arms lose something of their museular

*The Arabic numbers in parentheses here and elsewhere in the
text refer, unless otherwise indicated, to pages in the references
assembled in the bibliography at the end.

8






10 MENTAL FATIGUE

The physiological processes concerned in the
muscle at work, in so far as they have been deter-
mined at present, are of two sorts. We owe to J.
Ranke of Munich (1865) our first information con-
cerning them. In consequence of physical activity
there are formed in the muscles certain substances,
particularly lactic acid (the same substance found
in sour milk) and acid potassium phosphate.

These substances or waste products thrown off
from the muscles are poisons, or toxins (Mosso,
108 ff., 119 ff.; Verworn, 500). If one injects into a
fresh muscle these products of the metabolism of a
fatigned musecle, these fatigne-substances, as they are
termed, then this fresh muscle, without having done
any work itself, at once suffers loss of its contracti-
bility and capacity for work. This Ranke demon-
strated for a single muscle, while Mosso (119 ff.)
strikingly confirmed the fact at Turin by injecting
into a live dog the blood of another dog whose ner-
vous system had been fatigued to a state of tetanus
contraction by a strong electric current. And the
same effect is produced—this is the second test—by
the injection of dilute phosphorie acid and acid po-
tassium phosphate (Landois, 612).

But, by flushing with dilute gas-free solution of
sodium chlorid (0.7 to 1.0 per cent.), these substances
are again eliminated, as experiments upon the
musecles of animals have likewise shown. By this
process the muscle for a short time regains its origi-
nal capacity. And, indeed, energetic movement, e. g.,
shaking the hand fatigued by writing, massaging
fatigued limbs, as the runner often does, frequently
suffices to render the muscle efficient for some time.






12 MENTAL FATIGUE

decomposition and recomposition in that of Her-
mann). That this using up of material is present in
addition to the acecumulation of fatigue-substance is
shown by the circumstance that, in spite of repeated
removals of the fatigue produects, the capacity of a
muscle that is subjected to repeated stimulation
diminishes, and finally reaches zero.

Max Verworn (500 ff.), at Gottingen, has given an
exact demonstration of this fact for the central
nervous system by a celebrated experiment. The
blood of a living frog was replaced by an 0.8 per cent.
gas-free salt solution (1. e., a solution totally lacking
in nutritive substances) until the latter circulated
instead of blood in the veins of the animal. Violent
convulsions were then produced by a weak dose of
strychnine, while at the same time the circulation of
the neutral salt solution was discontinued. The pow-
erful excitation and the activity involved in the
violent contractions caused a rapid production of
fatigue-substances. On account of the checking of
the salt solution, these substances were not carried
away, and they soon induced a condition of non-ex-
citability of the nerves (rigor). So soon, however,
as these substances were washed away with the salt
solution, the excitability returned, though, it 1s true,
it finally disappeared, despite continued flushing out
of the poisons. Here, then, is fatigue without fatigue-
substances! If now, however, the frog be flushed
with oxygenated salt solution, he recuperates, and
the condition of excitability is once more restored.
Yet, still, after a time excitability again disap-
pears, despite continued flushing with the oxygenated
solution. Only when the frog has had injected in
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tion exhibits marked fluctuations. We become more
easily distracted, and find it progressively more diffi-
cult to maintain a line of thought and to bury our-
selves in a problem. Children are then likely to be-
gin to play during school work. The child, in such a
case, may be said unconsciously to protect himself
from fatigue by inattention, and, following Kraepe-
lin, we may call his inattention a ‘safety wvalve.’
The observant teacher, who knows his pupils, pos-
sesses 1n this effect of fatigue a valuable sign of
warning. Our range of attention, at the best, is cir-
cumscribed, so that things come more and more to
escape our notice. Sense-perception functions both
more slowly and with less accuracy; sensitivity di-
minishes. Diserimination for every type of per-
ceptive content (acoustie, optie, tactual impressions,
weights, ete.) is less certain and more subject to er-
ror ; diseriminative sensitivity is impaired. We learn
more slowly as the work continues, 7. e., we learn a
less amount and with less exactness in a given time,
as is shown by the increase of errors revealed by sub-
sequent testing. ‘Dispositions’ (in the sense used
by Offner, 84) are less readily formed. In like man-
ner, the reproduction of what has been previously
acquired, i. e., the effectiveness of the ‘disposi-
tions,” even of those that have been formed under
the most favorable conditions, is affected by con-
tinued mental activity. Reproduction takes place
more slowly and less accurately. Our fancy be-
comes impoverished, and our thoughts come ‘in
driblets’ (Meumann, IT, 122; Offner, 122, 142).
Finally, the capacity of the voluntary musecles 1s
gradually affected, even though these are, during the
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mental activity, brought into play little or not at all.
If, for example, bodily energy be tested by lifting a
weight over and over again to a fixed height, or by
contraction of the hand, repeated until the movement
is no longer possible, then the time at which the con-
tractions cease tends to appear much earlier after
severe mental work than when we are mentally quite
fresh (Cf. below, pp. 26 ff.). Movements executed
after severe mental fatigue are also somewhat less
certain and slower, as is especially noted in the case
of accurately measureable movements of reaction,
and, indeed, not seldom in the case of speaking and
writing. Mosso (227, 254 f., and elsewhere) even
detected uncertainty in gait after long and arduous
mental activity in the laboratory and lecture room.

Moreover, the unconscious, or, as they are termed,
purely physiological processes, are affected by
fatigue through mental work. During such work,
respiration becomes shallower and faster, but after
it, deeper, as in rest; finally, in the case of excessive
fatigue, respiration is again slower and shallower
(Binet and Henri, 33ff.). The pulse grows more
rapid, and may often increase until palpitation of
the heart appears (Mosso, 223), while, as is well
known, during bodily fatigue, pulse and respiration
are accelerated, and the respiration, in particular, be-
comes deeper. In addition, on account of the increase
in the blood supply of the active organ, the brain,
there is a rise of temperature in the head with a con-
comitant reduction of temperature in the extremities,
especially in the feet. Indeed, we all know the
cold feet and hot head that we develop at our desk,
and the college student who ‘sweats up’ for ex-
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aminations with a wet towel about his head is a
familiar figure.

In consciousness there appear subjective symp-
toms, like those accompanying bodily work—at first
a mood of indifference, then a disinclination to pur-
sue the fatiguing work, together with the desire for
a change. We are ‘tired’ of this work. Then a
feeling of languor becomes evident, a feeling that we
can’t get hold of things, though we still want to. We
feel weary for any kind of work (feeling of weari-
ness). Finally, we feel exhausted, and crave noth-
ing but rest and sleep. Then, not infrequently, head-
ache follows—analogously to the soreness of the
fatigued muscle; then restlessness and excitement,
heightened sensitivity to impressions (hyperes-
thesia), especially to noises, nervousness, irritabil-
ity, ill-humor and liability to passionate outbreaks.
Children are apt to behave badly and to whine. All
these are very important protective devices ; they are
warning signals that should admonish us to cease
work and to seek nourishment and rest.

The physiological processes that we assume to
underlie fatigue by mental work may be considered,
speaking generally, like those for fatigue produced
by bodily work, as a production of fatigue-substances
and a consumption of constitutive materials, espe-
cially in the eentral nervous system. From this sys-
tem, however, the fatigue-effect radiates, seeing
that, on the one hand, fatigue-poisons from the ac-
tively working brain are gradually disseminated
through the organism, while on the other hand, the
substances in the rest of the body come more and
more in demand, because no adequate replacement is






THE MEASUREMENT OF FATIGUE

From what has preceded, it is seen that we have
at our disposal two methods of undertaking the
measurement of fatigue—of that reduction in ca-
pacity for work that ensues upon activity when in-
hibitory substances are generated, and when the
consumption of the constitutent substances of the
cells exceeds 1ts immediate replacement by the pro-
cesses of nutrition. First, the subjective method,
that finds a standard of measurement in the sub-
Jective symptoms of fatigue, 7. e., in those that are
conscious only to the fatigued person himself, and
secondly, the objective method, that seeks a standard
of measurement in modifications in the physiological
functions and in the physical as well as the mental
efficiency, 1. e., in modifications that are perceptible
to others as well as to the fatigued person himself.

Unreliability for the measurement of fatigue of
the subjective symptoms. 1t is evident that a sub-
jective factor cannot be a reliable measure, however
useful it may be as a signal. For our own mood,
which not seldom varies quite independently of the
consumption of energy, exercises an obvious in-
fluence. When we are happy we can perceive no
weariness. When we are sad and depressed, a task
to be done will all too soon engender that feeling

18
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woven, and the discovery of unity and regularity in
this correlation, constitutes a special problem, whose
solution depends upon the general view that we hold
as to the nature of feeling.

The correspondence, then, between the subjective
symptoms, the feelings, and the psychophysical con-
dition is far too inexact and too ambiguous to afford
us a basis for the measurement of fatigue. And for
this reason no progress can be made in the under-
standing of the fatigue question so long as inquiry
is mainly confined to this well-meaning but unre-
liable witness, the weariness feeling—a witness, what
18 more, that is inaccesible to experimental examina-
tion and impossible of exact measurement. Under
these conditions, too, the discussions concerning the
overburdening of school children can never rise above
the level of conjecture and guesswork, and are wholly
lacking in power to econvince.

The objective procedure and the two chief groups
of measurement methods. We must, therefore, look
about for better measures, for symptoms that avoid
this uncertain judgment of the fatigned person him-
self, for objective symptoms that are susceptible both
of systematic experimentation and of mathematical
treatment. These are, primarily, the physiological
symptoms of fatigue that we have already cited. But
certain psychical symptoms also turn out to be sus-
ceptible of determination and of measurement by
objective, i. e., by external, observation.

Accordingly, the objective method subdivides into
two groups of measurement methods—the physio-
logical and the psychological. The physiological
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at the same time, the chance of discovering this
factor, of making allowance for it in the determina-
tion of averages or of basing conclusions on these
averages is diminished or entirely lost. This is a
disadvantage of this form of procedure which, to
me, seems to more than outweigh the advantage that
accrues from the absolute standard of measurement
that it affords, unless the number of subjects or the
number of experiments be sufficiently large to permit
a change of the order of the groups, and unless the
preliminary tests of mental peculiarities on which
the distribution into groups is based be very precise.

The test methods rest at bottom upon two, or more
often, upon three assumptions, the justification for
which 1s, in the single case, usually probable, though
not capable of absolute proof. The first assumption
is that the work done really represents, both in quan-
tity and in quality, the work that can be done under
the conditions that prevail—that the work, in other
words, 1s a real test of capacity.

The second assumption—one that i1s commonly,
though not always made, and whose problematic na-
ture is usually well recognized—is that the test of
efficiency for the given type of work informs one also
of the efficiency for other, particularly for related,
types of work.

The third assumption is that the decrease of effi-
ciency during the course of the work is essentially a
fatigne phenomenon—an assumption that is indeed,
in most cases, both very obvious and very probable.
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share in the initial measurements. These and other
objections have been emphasized by Hirschlaff (192) :
Gineff (39) and Claparede (200 ff.) have, however,
expressed a more favorable opinion of the dynamo-
metric method, while Claviére (Année psychologique,
VII, 1901) and Schuyten have employed it for meas-
uring fatigue.*

The ergograph. Having these difficulties in mind,
Mosso construeted, on the plan of Helmholtz’s myo-
graph, a new instrument, known as the ergograph,
and this piece has since been markedly improved by
later investigators, e. g., by Kemsies, Vaschide,
Kraepelin, and others.

In the ergograph, the forearm and hand, together
with the fingers, are firmly fixed in such a manner
that the hand is extended, palm uppermost, and with
only a single finger, usually the middle finger, left
free. The flexion of this finger lifts a weight that
18 suspended by a cord, and the several lifts are in-
seribed accurately upon a rotating drum, producing
a record termed an ergogram. The number of lifts
that the subject can compass in a given period, and
also the sum-total of the heights of the several lifts—
for the automatic registration of which provision is
made upon the best forms of the instrument—are
taken as the measure of fatigue. The Belgian in-
vestigator, Mlle. Joteyko, has contributed particu-
larly to the mathematical treatment and interpreta-
tion of the constituent factors of the ergographic

*The reader will find a fuller discussion of the dynamometric
method and its results in the translator’s Manual of Mental and
Physical Tests, Warwick & York, Baltimore, 1910. Methods of con-
dueting most of the tests of fatigue hereinafter mentioned may be
found in the same volume.
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the presupposition of permanent isolation of a few
muscles or permanent restrietion of the museular ac-
tivity to a single controllable group of muscles can-
not be attained.* And, what is more, the funda-
mental presupposition itself is not well enough estab-
lished. The decrease of bodily efficiency is, indeed, a
frequently-observed symptom of fatigue induced by
mental labor, yet, if we leave out of consideration
fatigue of an excessive degree with its consequences,
it is not an absolutely uniform symptom, so far at
least as experiment has, up to now, been able to de-
termine. Not infrequently persons are found whose
middle finger, to speak with a little exaggeration,
cannot be completely fatigued at all by such move-
ments as the ergograph demands, and this is equally
true, even after mental work (Gineff, 10 f., 49 f.).
And, even if we disregard exceptions of this sort,
and have in mind only those persons—and they form
the great majority—who are fatigued in body by
mental work, even so there exists no clear and re-
liable correspondence between the reduction of bod-
ily efficiency as measured by the ergograph and the
reduction of mental efficiency. Kraepelin (Psychol.
Arbeiten, 1, 415, and Ueber die Messung, ete., 217)
found that his subject performed more work on the
ergograph from an hour to an hour and a half after
the principal meal—i. e., at a time notoriously unfav-
orable for mental work—than he did in the morn-
ing, and that he did best of all about 9 o’clock, after
his supper. With children Schuyten (On Véor-en-

*However, this objection has been almost, if not quite, completely
met in the elaborate instrument devised by Bergstrom (American
Journal of Psychology, X1V, 1903, 510-540).—Translator.
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1n some degree the correspondence that is assumed
may obtain.

Measurement of fatigue by the respiration and by
the pulse. Still less feasible are other very fluctuat-
ing physiological symptoms that are affected by
many influences diffienlt of control, for example, to
name the most prominent, the retardation and dimi-
nution of the pulse and the shallowing of respiration
that frequently ensue upon mental work. Binet and
Henri (33 ff.) have reported in some detail upon
these methods of measuring fatigue. Under some
circumstances, one can, to be sure, infer the presence
of mental fatigue from the presence of these phe-
nomena, but yet one does not always find them when
fatigue is present, and even if they are to be thought
of as symptoms of fatigue, still it 1s impossible to
argue from their magnitude to the magnitude of the
fatigue, since it is impossible to demonstrate any
proportionality between the two.

Beating time. Closely related to the ergographic
method is the method of beating time. This method,
which has been recommended by W. Stern (D:iff.
Psych., 117 £., 122 ff.), has been much used by M.
Lobsien and W. A. Lay (especially 406 ff.) and has
found particular favor in America (Gilbert, Wells)
in tests of groups under the name, ‘‘the tapping
test.”’*

This method, like the preceding, tests efficiency by
resort to a physical process, which, like every bodily
activity, is naturally influenced by mental factors.

*The tapping test of Gilbert and Wells, however, is not identical
with the test of beating time here described, since in tapping the
subject is instructed to tap continuously at his maximal rate. See
reference, footnote, p. 24.—Translator.
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Measurement of fatigue by means of the range of
accommodation of the eye. A. Baur, a training-
school physician of Gmiind, Swabia, has made use of
a new method of measuring mental or bodily fatigue
in terms of muscular efficiency. By means of Schein-
er’s experiment, he observed the very sensitive
musecle of accommodation, and found that the range
of accommodation, i. e., the distance between the far-
point and the near-point, is increased in conditions of
fatigue and exhaustion. Nevertheless, his investi-
gations have not yet been carried far enough to per-
mit the recognition of such a definite parallelism be-
tween increase of fatigue and increase of the range
of accommodation as must be demanded for exact
measurements of fatigue. We must await further
comparative investigations to gain insight on this
point.*

So far as the other physiological methods are con-
cerned, this insight, as we have seen, has already
been attained, and it has demonstrated that, despite
the many valuable suggestions that these methods
have afforded, they are so unreliable that, for the
present, they can be disregarded in our search for
exact measurements of mental fatigue.

*Since this was written, Baur has reported further results that
disclose, seemingly, a very close relation between the range of
accommodation and the condition of the central nervous system.
See Intern. Mag. of School Hygiene, VII, January, 1911, 52-92.—
Translator.






32 MENTAL FATIGUE

cess are they not, as a matter of fact, concerned?
But no one would think of calling such psychophysi-
cal investigations physiological, even though they
were first attacked by physiologists.

So, too, 1n this case, it was a physiologist, E. H.
Weber of Gottingen, who discovered long ago (1834)
that the shortest distance at which the contact of two
points is still felt as separate, i. e., as the contact of
two cutaneous points, that the spatial limen, as the
distance was named by Fechner,* varies at different
regions of the body, and on different persons in the
same region. The relative values of the spatial limen
for different regions are, however, approximately
constant for all persons.

Now, these liminal values are inereased by physical
work. Griesbach (Energetik, 1895) appears to have
been the first to observe that, in a given individual,
the limen is also increased by strenuous mental work.
He found—and Eulenberg soon after confirmed the
observation on himself (Hyg. Rundschauw, VIII, 600)
—that two closely approximated blunt compass
points applied gently to the skin at the same moment
are, as a rule, after fatiguing work, perceived as one
point, whereas they had been still perceived as two
before the work was begun. In general, the increase
of fatigue goes hand in hand with the increase of the
spatial limen, save that, under conditions of exces-
sive fatigue, combined with mental depression and
feelings of discomfort, there appears, for reasons as

*0. Kiilpe (Grundriss d. Psych., 38 f,, 350 ff. [see English trans-
lation, Outlines of Psychology, pp. 36 £, and 337 ff.]) and others have
shown that this determination does not afford a liminal value in
the strict sense of modern psychophysics.
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tivities, e. g., after grammatical exercises, memoriz-
ing, arithmetic, and a great part of mathematics, as,
in general, after mental activity, it may be observed
that, with right-handed persons, the measurements
of the right side of the hody—which, as is well known,
has its centers in the left half of the brain (that
hemisphere that is used in mental work, especially
when thinking in, and by means of, words)—have
yielded higher liminal values, even though the values
were identical for the two sides before the activity.
After activity that is predominatingly physical, on
the contrary, the liminal values are apt to be higher
on the left side. Finally, in the case of bodily activity
under concentrated attention, these liminal values
often differ but little from one another. With left-
handed persons all this, as a rule, is reversed.
Griesbach’s method found many adherents. Thus,
his procedure was followed by R. Keller upon pupils
in the Gymnasium and industrial school at Winter-
thur ; by Th. Vannod upon pupils of a Bernese inter-
mediate school; by L. Wagner in the Gymnasium at
Darmstadt; by B. Blazek in a Realgymnasium at
Lemberg; by Th. Heller upon feeble-minded children
at Vienna, and by E. Schlesinger. These investiga-
tions led to results in the main accordant with those
of Grieshach. More recently Bonoff, a school phy-
sician at Sofia, has worked with this method upon
scholars of the Gymnasium, and Prof. P. M. Noikow
of Sofia upon teachers and candidates for teaching,
not to mention others, like Ferrari in Italy, Sakaki
in Japan, Ley, Schuyten and Michotte in Belgium.
A. Binet and J. Joteyko have also used and com-
mended the method. (Cf. also Griesbach, Int. Arch.
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increased by emotional excitement, just as it is in the
condition of hyperesthesia that follows excessive
fatigue. ‘‘The experimental errors and the varia-
tions of the spatial limen set up by other causes are
so great that, despite weeks of the most painstaking
work with a subject trained in physiological experi-
mentation, we have not been able to determine defi-
nitely the effect of fatigue upon the limen.”” Similar
negative conclusions have been reached by other in-
vestigators, e. g., by J. H. Leuba (Psych. Rev., VI),
who worked with adults of both sexes, and with col-
lege students, and who was especially careful to
guard against disturbing conditions (thickness of the
skin, blood supply, skin temperature, general physi-
cal condition and the like), and by Prof. C. Ritter of
Ellwangen (Zeits., XXIV), who undertook fatigue
measurements upon Gymnasial students; by J. B.
Germann, who employed but a single observer, and
also by Gineff (15 ff.) and by Meumann (II, 91 {f.).
Nevertheless, 1t cannot be denied that the measure-
ments of the decrease and increase of what we term
the spatial limen, as secured with this method by
Griesbach and many others after him, do show a de-
gree of accordance that cannot be entirely attributed
to bias, to autosuggestion on the part of the experi-
menter, or to that suggestion of the observer to which
Tawney in particular (Philos. Studien, XIII) calls
attention, even if this source of disturbance has been
present in every instance. Again, the inaccuracy of
procedure, for which Grieshach has been eriticized,
could at the most result merely in concealing, or in
making less evident, the correspondence between the
degree of fatigue and the spatial limen, provided such
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person, it must be remembered that the richness of
the nerve-endings in the different organs varies, as
does also the thickness of the skin; and again, that
one organ or one region of the body may be more
practiced for this kind of diserimination than other
organs or regions.

Finally, when comparison is made of the esthesio-
metric values of the same regions of the body in dif-
ferent persons, it must be remembered that, in this
case, too, the thickness of the skin, the degree of
practice of the person in general, as well as of the
organ in question, condition individual differences,
and that, furthermore, age, sex, ability to observe,
sensory type, capacity for concentration, the general
level of mental development, as well as external
social relations (Vannod), all may be responsible for
individual differences that must be taken into account
before greater or lesser degree of fatigue, and thus
of the fatiguability of the several individuals, can be
determined in comparison one with another. All
these values have, however, so far only an individual
or relative value.

Measurements of fatigue by means of other liminal
values. The difficulties that appear in this determi-
nation of the spatial limen in consequence of the
variation in anatomical conditions in the same indi-
vidual do not appear in the determination of other
liminal values.

Meumann (II, 92) and Gineff (17) have, therefore,
good warrant for asserting that we might just as
well, and even better, use as an index of fatigue any
other limen, 1. e., that we might measure fatigue in
terms of the magnitude (which varies with the degree
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followed, the comparison movements, equal to the
first or normal movement, as judged by the sensa-
tions set up by the movement, i. e., to make the move-
ments of such an extent that no difference could be
detected between the ‘feel’ set up by it and the
‘feel’ set up by the normal movement. The more
delicate the differential sensitivity for sensations of
movement, the closer will the comparison move-
ments approximate to the normal movement, or the
smaller will be the error of estimation. In a fatigued
condition, larger errors are made, 7. e., the compari-
son movements then exhibit greater deviations from
the normal movement than in a fresh condition, be-
cause the differential sensitivity (sensible discrimi-
nation) for sensations of movement suffers from
fatigue, just as we saw it to be affected in the case
of other sensory experiences. In this instance, the
error introduced by fatigue is not distributed evenly
to either side of the normal movement, but there is a
strong tendency to make the comparison movement
shorter than the normal movement, or, in other
words, to overestimate the former. The reason lies
in this, that, in fatigue and exhaustion, as we all
know, every movement is difficult and slow of execu-
tion ; small movements are accompanied by a feeling
of tension or activity (feeling of exertion of will) as
intense as that that acecompanies larger movements
made in fresh condition. This feeling of effort, how-
ever, serves us as a secondary criterion of the magni-
tude of any movement that we make. Only ocea-
sionally do the comparison movements show a tend-
ency to be much longer, viz., when the subject be-
comes cognizant of, and therefore strives to counter-
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been taken by Vannod (Fatigue intel.) as a meas-
ure of fatigue. A prick-like pressure is applied to
the skin by means of an ‘algesiometer,” which is an
instrument closely similar to von Frey’s hair esthesi-
ometer, and which consists essentially of a fine point
and a scale that indicates the pressure of the hand
upon the point, and consequently of the point upon
the skin. In his experiments, Vannod found that at 8
o’clock, before instruction began, a pressure of 45
grams set up a pain sensation, whereas at 10 o’clock,
39 grams, and at noon only 29 grams sufficed. Swift
has earried on similar tests in American schools, and
Vaschide has confirmed Vannod’s report. Binet
(Année psychologique, XI), however, reached di-
rectly the opposite result, viz., that fatigue decreases,
not increases, pain sensitivity (Cf. Claparede, 199 f.,
and Meumann, IT, 109).

It must be repeated that in all these cases, with the
exception of these last—as to the real nature of
which we have as yet insufficient knowledge—what is
measured is not so much mental fatigue itself, as
rather a mental activity that is essentially condi-
tioned by the degree of attention that is given to if.
We are dealing, then, with a measurement of atten-
tion, the reduction of which we regard as the result
of the work that has been performed. But it is evi-
dent that the measure of the attention applied to a
given piece of work, or of the mental energy dis-
played in it, is conditioned not only by the amount
of mental energy available at the time, but also by
other factors, such as feelings, moods, general dis-
position, inclination, and the like. However, these
supplementary factors are not subject to regular
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very simple movements, in accordance with a pre-
arranged combination of stimulus and movement—
m other words, to measure the time of the simplest
‘choice reaction.” He found that this time was
longer when the subject was fatigued, and that this
retardation was more evident after mental, than
after bodily fatigue. Although Bettmann has called
special attention to the sensitivity of this method, it
does not seem, up to now, to have been employed fur-
ther for the determination and measurement of
fatigue, so that we cannot say at present whether or
to what extent it is feasible for more exact measure-
ments. In any event, the fact that, in the determina-
tion of fatigue by means of computation and other
similar tests, the speed of work increases at first, and
often continues to increase, though the quality is re-
duced, should warn us to be quite cantious in general-
1zing about the relation between the speed of mental
activities and fatigue.

The method of test-problems in the narrower
sense. The diserimination of two points on the skin,
the perception of faint sensory stimuli, the compari-
son of the extent of two movements and similar pro-
cesses are all mental activities that are used to ascer-
tain how much of mental energy remains after some
other form of mental activity. The method of test-
problems in the narrower sense is based on the same
principle. In it, a test is introduced during or after
the mental activity that is creating fatigue. But this
test is now far less simple, less limited in its demands,
less dependent on physiological factors and more
akin to the fatiguing mental activity that it measures
than is the test of disecriminative sensitivity, ete. The
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moreover, it 18 impossible to devise absolutely equiva-
lent test-problems. Accordingly, if we want a form
of test that shall permit of ready quantitative treat-
ment, and that shall at the same time be exactly
equivalent to the fatiguing work, we must simplify
the fatiguing work, e. g., by the use of dictation, sim-
ple computation, and the like. By this plan, we secure
perfect comparability between the test-material and
the fatiguing work; on the other hand, we lose touch
with practical life, because the mental fatigue that
we wish to measure 18 commonly the result of a much
richer and more elaborate mental activity.

Schoolroom tests of fatigue seek a path between
these two extremes. The younger a class and the
simpler the mental work that is required of it, the
nearer can the test approximate to the fatiguing
school activity. But the more advanced the class and
the more manifold and complex the work that is done
by it, the less can the test be made to approximate to
this more elaborate fatiguing work.

The first investigator to employ econsiderable
amounts of work as test-materials for measuring
fatigue was the Russian psychiatrist, J. Sikorski.
He had pupils write from dictation for a quarter of
an hour, both early in the day, before school work
began, and later in the afternoon, after school work
was over. He found 33 per cent. more errors in the
second exercise. It is understood, of course, that
here, as in other experiments of this kind, it is not a
question of errors that spring from lack of knowl-
edge, but only of errors that spring from slips of
attention. Naturally, Sikorski’s method, like the
first trial of any such experiment, is susceptible of
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improvement: it served, however, to bre:e:tk !;he
ground, and those who followed him, like Friedrich
at Wiirzburg and Bellei at Bologna, have learned how
to avoid his difficulties. Yet there remains the great
difficulty of arranging material for dictation that
really presents uniform difficulty for the pupils, for
unity of the standard of measurement is a prime
necessity.

To circumvent this difficulty, H. Laser (Geust.
Erm.), following Burgerstein’s example, selected
simple computation as a test-material. He had his
subjects, boys and girls of the middle classes of a
Konigsberg Biirgerschule, perform easy examples
in addition and multiplication for 10-minute periods
and as rapidly as possible. The periods he arranged
to fall at the opening of the morning session and at
the end of each one of the five following school hours.
He discovered a rapid increase in the total amount
of computation performed by the several classes dur-
ing the school session. This increase, however, is to
be explained as due, not to any augmentation of men-
tal energy toward the end of the session, but partly
to the development, during the work, of practice in
computing, and partly to the overcoming of the men-
tal inertia that prevailed at the outset. On the other
hand, the inereasing fatigue of the classes found its
expression in the inerease in the total number of
errors (except in the final period) and of corrections
(made by the pupils themselves), and in the decrease
in the number of pupils whose work was without
error. These results of Laser coincide substantially
with those obtained by Burgerstein by another form
of computation test, to which we shall refer later on.
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Ebbinghaus (Neue Methode, ete.) also used this
method, and obtained similar results. Computation
has been tried, likewise, by Richter, Friedrich, Kem-
sies, Dankwarth, Teljatnik and Bellei.*

The query may, however, be raised whether this
application of the computation test for 10 minutes
or longer i1s not unwise, for, as Ebbinghaus noted,
Gﬂmputatinu develops a considerable practice-effect
in a period of this length, and again, the computation
itself becomes a source of fatigue. Moreover, ennui,
with consequent carelessness and loss of interest,
brings it about that the quantity and quality of the
computation cannot be regarded as an unambiguous
expression of the fatigue induced by the school work
that has just preceded. But, by both shortening the
duration and increasing the difficulty of the computa-
tion exercises, it seems as if a measure of fatigue is
discovered for us here, though one that can be em-
ployed only along with others, because it involves
only a specific and limited form of mental activity.

What is called the memory method, as used by Eb-
binghaus (Newe Methode, ete.), and later on by the
Russian experimental psychologist, Netschajeff, by
Schuyten, and by others, seems to be less applicable
in the schoolroom. In Ebbinghaus’ experiment,
series of one-syllabled digits (the numbers 1 to 127),
arranged to supply two series each of 6, 7, 8, 9, and
10 places (i. e., 10 series in all) were read aloud, with
a single reading for each series, at the beginning and
at the end of a school period. The pupils, who in-

*For methods and results see also reference, p. 24, note (Ch. IX,
Test 35).—Translator.
+The German term for eleven is monosyllabie.—Translator.
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tlebeck’s Description of the Siege of Colberg. A
single paragraph will suffice to illustrate the plan.

Wh. . Willy:= .. twoi e in. old;, ey oodieion, Shdiad
farm-h. ... 0. th . yaed wsiront .ol Theidans s

;wWere o,... th.. . theressgodhat i me . o ([N
yellow instead of ... .. * The nature and number of

the errors and of the corrections were to be taken as
an index of fatigue. The result was not very clean-
cut: there appeared an increase in the quantity of
work done, ¢. e., in the number of elisions supplied, in
the upper classes, but a decrease in the lower classes.
Sexta and Quinta [9 to 11 years]. The quality of
work did, indeed, become poorer in all classes, al-
though the maximal number of errors was by no
means made 1n the last study period. The decline in
quality was also much more rapid in the lower than
in the higher classes.

The method is, of course, open to improvement.
KEbbinghaus is quite right, for instance, in conclud-
ing after his experiment that the time allowed for
supplying the elisions was too long. His experi-
ments, it must be remembered, were all preliminary
experiments, and, unfortunately, the test proper
that was to follow them was never carried out.
Moreover, despite Ebbinghaus’ proposals (Neue
Methode, 47 £.), the most serious difficulty still re-
mains—that it is even less possible than in the case of
dictations to work out any very large number of
texts of equal difficulty, or to recognize and make due
allowance in computing results for either these un-

*This example, from the translator’s Manual, p. 448, is substi-
tuted for the German text. Blank forms for conducting this test
may be purchased of C. H, Stoelting Company, 121 North Green

street, Chicago.
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given preference over the completion method, sinece
they are simple methods, but nevertheless have
fewer defects. IEspecially are they to be preferred
when their task is made somewhat more difficult, as
for example, the form of computation test employed
by Kemsies (Arbeitshygiene der Schule, 7), and by
Teljatnik, in which the computation is done wholly
mentally, and only the result written down. This
plan has the further advantage of reducing the physi-
cal work of writing, and thereby lessening the chance
of introducing some bodily fatigne in the computa-
- tion itself.

Yet, the chance of inducing fatigue in this way
needs hardly to be considered when dealing with
maturer pupils, and especially with adults. With
such subjects, more difficult computations may be em-
ployed with success, as Wineh has shown in the case
of evening school pupils, 15 to 27 years of age.

The advantage of easy administration and of a
certain breadth of activity—though not, of course,
of universality of appeal—attaches also to a method
used by Ritter (Zeits., XXIV, 424 ff.).* In this
(the camcellation method), specified letters or words
are to be crossed out or cancelled on a given printed
text as rapidly as possible. The assignment might
be, for example, to put a vertical mark through every
R and r and a horizontal mark through every form
of the definite article.t Only two minutes are allowed

*This method appears, however, to have originated in the work
of Bourdon (Revue philosophique, 1895). Ritter’s article appeared
in 1900. For a more extended account of it see my Manual of Men-
tal and Physical Tests, pp. 264-270.—T'ranslator.

+In German the article is declined, and hence appears in several
different forms.—Translator.
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Every experiment was subdivided into four parts.
The first of these tested attention. The girls were
asked to count the letters in each of the first five lines
of a page of their readers, and to write down the five
sums upon a sheet of paper. They had next mentally
to add, or to substract, several pairs of two-place
numbers that were written for them on the black-
board, and to write the answers on their papers. To
test observation, or direct retention, as Meumann
likes to term it (or the capacity for immediate repro-
duection, as I prefer to say—Geddchinis, 129), either
six one-to-three syllable words or four one-to-two
place numbers were used. These were either recited by
the teacher and then repeated by the pupils in concert,
or were written, shown, and then erased; in either
case, the pupils had immediately to write down as
many of them as they could remember. Recollection,
or, more accurately, recognition, was tested by hand-
ing to the pupils sheets containing 100 words and 50
figures, among them those that had been previously
used in the test of immediate reproduction, and ask-
ing them to underline the words or numbers that they
had heard (or seen). Since, however, every act of
recognition is conditioned by two factors—the dis-
position (tendency) and the incitement of the dis-
position (Cf. Offner, Geddchtnis, 108)—it follows
that the recognition can fail, either on account of in-
sufficient strength of incitement, despite a very strong
tendency, or on account of a feeble tendency (poor
impression), despite a strong incitement. These two
factors, then, must be considered independently of
one another, because it is not certain whether the two
are equally affected by fatigue.
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plied in schools, and so be of direct utility for prac-
tical schoolroom service.

Their theoretical value is, nevertheless, limited.
These forms of test-work do not permit us to follow
the course of fatigue accurately and step by step,
else the fatiguing work would be so frequently in-
terrupted by the inserted test-work that the effect of
the former would be concealed, since the test-work
itself would induce a high degree of fatigue.

Method of Continuous Work

It was, therefore, a happy thought to use the
fatigning work as test-work, to observe uninterrupt-
edly the changes in quantity and quality of perform-
ance effected by the fatigue-work, and to take these
changes as an index of the fatigue or of the decrease
of mental efficiency caused by the work.

In this method, then, it is the continuous work it-
self, not bits of test-work applied at different times,
that indicates to what extent and how rapidly mental
efficiency is affected by the work.

It is clear that any continuous mental work of a
complex nature, e. g., the reading and assimilation
of a paragraph from Kant’s Critique of Pure Rea-
son, the working out of mathematical problems or
the prosecution of botanical observation and experi-
ments—that such complex work would exclude the
possibility of a detailed and exact determination of
the effect of fatigue. For this purpose such simpler
mental processes must be selected, processes that are
not only characterized by a high degree of uniform-
ity, but that also permit the quick recognition of the
effect of fatigue. The course of such an activity, e. g.,
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may call attention to his rather questionable com-
putation of the errors (Binet and Henri, 300 ; Ebbing-
haus, 24), and we should note that the results can-
not be interpreted without qualification as an indica-
tion of the fatigue-effect of an ordinary or normal
school hour. For school work is hardly ever so ex-
tremely uniform in character, nor does it ever require
uniformly sustained attention of the sort exacted in
these computations, which, moreover, were carried
on under stress of maximal speed. This eriticism
has already been urged, and with right, by Richter,
Uhlig and others, particularly against Kraepelin’s
work. Demands like those in these tests are made
upon the pupil at most only when he is doing ‘sight
work’ or school tasks, or when he is actually being
questioned, and the other pupils are then less actively
engaged. Moreover, continuous computation of an
hour’s duration is a monotonous work of a kind such
that, after a short time, ennui or aversion, or at least
indifference, appears, and this must be overcome by
plucking up fresh courage for attentive work: these
cirecumstances are naturally fatal to uniform work
of sustained quality, while, despite fatigue, the speed
of the work is increased by practice (Cf. Ebbinghaus,
6; Binet and Henri, 302). But even if these difficul-
ties did not exist, we should still be unable, as we have
already pointed out, to infer positively, and as a mat-
ter of course, that fatigue followed the same line of
development in other forms of mental work as it does
in the case of computation. That must first be
proved. For these reasons, Burgerstein’s results,
like those obtained with his method by others, e. g.,
by Marion Holmes (Pedagogical Seminary, 11T) with
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sociations—are thereby brought into function as sub-
stitutes for them.

The advantage of Hopfner’s method over that of
Burgerstein consists in the fact that in it a regular
school activity has been studied for its fatigne-effect.
And two further points of advantage are that, since
a real test is in operation, the pupils, of their own
accord, exert their attention to the utmost—indiffer-
ence and negligence cannot, therefore, enter as dis-
turbing factors—and that efficiency cannot be so
markedly augmented by practice during the test, as
is so plainly the case with computation-work. There
is, to be sure, one source of trouble even in this test,
viz., the task of securing material for dictation that
shall offer equal difficulty throughout.

The method of continuous work has been used with
special success by Kraepelin. In addition to the
counting of letters, reading, and the committing to
memory of series of digits and syllables, he has
favored the use of the method of the continuous ad-
dition of one-place numbers, because adding has the
merit of being, after all, one of the higher forms of
mental activity, while at the same time it is psycho-
logically far more uniform than other mental activ-
ities. Moreover, verbal imagery and articulatory
movements play a relatively minor roleinit. Kraepe-
lin has worked out a simple procedure for this
method. The subject is required to add, for a long
time (sometimes several hours), numbers printed in
vertical columns in a specially prepared note-book.*
Whenever the sum exceeds 100, the hundred is

* American readers may purchase such prepared forms of C. H.
Stoelting Company, 121 North Green street, Chicago.—Translalor.






RESULTS

Various factors im addition to fatigue, that de-
termine efficiency.

To Kraepelin and his followers we are primarily
indebted for the insight that we possess into the
course of long-continued mental work. And this
brings us to discuss the results of the investigation
of fatigue.

These investigations have shown that there are
several factors, several psychophysical phenomena,
that are more or less commonly present in this kind
of work; that these phenomena are consequences,
just as fatigue is a consequence, of persistent mental
work, and that they, too, influence the outcome of the
work, influence our performance. Their influence is
however, largely opposite to that of fatigue, so that
they reduce or cancel the fatigue-effect, in part, and
render it for a time imperceptible. These same influ-
ences are also operative in muscular work (Oseretz-
kowsky), and must, if we would avoid a false inter-
pretation of the results, be kept constantly in mind
in all measurements of fatigue or measurements of
work done.

Practice. In the first place, there is practice.
Whenever we continue or repeat an activity, the con-
sequence is that, to a certain extent, the activity is
carried out progressively more easily, . e., with a

62
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formance will still show improvement until fatigue
tips the scales against it, so that the work done is
more and more reduced, at first qualitatively and
then quantitatively, until, as the feeling of fatigue
grows progressively clearer and stronger, it finally
falls below the level at which it started. Now, the
total practice-result of these several periods of work
1s not a permanent possession that remains as large
as 1t was when it was set aside; on the contrary, the
condition of practice begins to wane as soon as the
practicing activity stops. And, again, this process
is not proportional to the time elapsed, but is rapid
at first, then slower and slower, and often the state of
practice remains perceptible for a surprisingly long
time (Cf. Offner, 103 ff.). This residual skill, this
practice-gain that persists, can be recognized in the
facilitation of the activity that it brings about when
the activity is resumed at some later time, 7. e., in the
qualitatively and quantitatively better performance
of practiced, as contrasted with unpracticed work.

It 1s with this persisting practice-result that school
instruction has primarily to do.

Both these forms of practice-result, moreover, are
the more evident the less practiced we still are in the
activity, and the less evident the more frequently
we have had an opportunity to exercise the activity
(Cf. in this connection, Offner, Das Geddchinis, 50
ff.). And finally, there comes a time when, even if
fatigue is not present, there is no further practice
result, neither of concurrent nor of persisting prac-
tice: this is the moment of maximal practice,

Habituation. Hand in hand with practice goes
habituation. We cease to be struck with the novelty
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machine must settle down to work.”” This stage we
may term ‘warming-up.’ It is a stage that is passed
quickly by some persons, but takes more time for
others. Children, it may be added, take longer than
adults to settle down to a new piece of work (Meu-
mann, 11, 5 f.). The stage is particularly long if we
have been previously occupied in some other form of
interesting work. But when we are once properly
warmed up, when we once have ourselves in trim,
then we ‘turn out’ results with ease—then is the
time when we are doing our best work.

Swing or fitness for work. Henceforth the work
takes full possession of us. We are completely
‘held’ by it, or we find ourselves in a condition of
full ‘swing’ (Anregung), as E. Amberg (Psychol.
Arbeiten, 1, 373 {f.), Kraepelin and his school term
this mental condition, or in a condition of complete
‘fitness for work’ (Arbeitsbereitschaft), as Meu-
mann in particular prefers to call it. It appears
now that, as in the case of fatigue, so here in the case
of swing, we must distinguish between a general and
a special form of the condition. Anyone knows that
a short walk in the morning puts us into the mood
for work, into a readiness for any kind of work, more
quickly than if we betook ourselves directly from the
breakfast table to the work. Thus, Axel Key found
nothing but good results for his pupils when they
walked one to two kilometers [half a mile to a mile]
to school.* I have noted in my own case that, after
teaching from 8 till 9, I feel much more disposed to

*However, walking to school from a longer distance or a long
trip by rail is fatiguing, and produces a noticeable effect upon
mental efficiency, as Wagner has clearly shown by esthesiometric
tests,






68 MENTAL FATIGUE

fatigue) i1s more apt to have the contrary effectﬁ
That is, when we first resume the activity in question,
our performance is not infrequently worse. Of
course, 1f there is no considerable degree of fatigue
present, this lessened efficiency does not last very
long. We shall come back again to this matter of
the loss of swing when we discuss the problem of
pauses.

Spurt. Now, it is by no means always the case that,
in shifting fram one task to another, our initial per-
formance with the new task is by lass of swing in-
ferior to our performance in the work we had just
left. Often, on the contrary, the new work starts off
considerably better, even though the previous work
had left us quite fatigued, as in general we often note
that the very first stages of any work yield strikingly
good results. Here, then, we come upon yet another
new factor. The explanation of this outecome, which
differs, as is evident, from what we have deseribed
heretofore, is to be sought in the effect of novelty.
This factor, it is to be noted, has an inhibitory effect
upon many persons, but affects others, on the con-
trary, as a spur and stimulant, making an especially
strong appeal to their attention—the stimulns of
novelty is a matter of common knowledge—and
bringing about the release of an exceptional amount
of psychophysical energy. Following Kraepelin and
his school, we speak of such a release of an excep-
tional amount of energy as a ‘spurt’ (Admntrieb),
terming it an ‘initial spurt’ if it develops at the be-
ginning of the work, or a ‘spurt of change’ if at the
beginning of some new and different form of work.

As, in this instance, the spurt springs from the
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urally falls off considerably, particularly in quality.
And the reduction in efficiency is much greater than
if fatigue alone were operative. But if, perchance,
we recover ourselves in consequence of a some en-
couraging word, or a rebuke or some similar in-
fluence, then our performance once more shows a
gain in quantity, and even more in quality. Soon,
however, fatigue again asserts its sway, and this shift
of efficiency may be repeated several times, until at
last fatigue takes full possession of us, and the qual-
ity and scope of our work is reduced to a minimum.
Except that, if we note that we are nearing the end
of our work, this circumstance often operates as yet
another and final stimulating and encouraging factor.
This phenomenon is known as the ‘terminal spurt’
(Schlussantrieb), and its effect is to improve our per-
formance, just as horses step out better when they
know that they are returning to their stable. If, on
the other hand, we plan, so to speak, to work without
stopping, i. e., with a firm resolution not to desist,
but spur ourselves on and ever force ourselves to
fresh exertion, then there comes a time when our
ability to work is completely exhausted; we collapse
utterly, and hardly ever without doing some grave
injury to our health.

Tt is evident that it is thewill,in different forms and
degrees, manifested as rising and falling attention
or interest, as indifference and recovery—whether it
springs from newly-awakened sense of duty or from
the sight of the approaching and long-wished-for end,
or from fear of not being ready—it is the will that in
these cases is affecting the course of the work, and
that is, with more or less success, counteracting the






72 MENTAL FATIGUE

ance by the manifold forms of will has not had proper
recognition in the majority of experimental tests of
fatigue (Kraepelin’s work excepted).

Naturally, it must not be forgotten, to make brief
reference to the matter, that, when longer tasks are
undertaken, certain internal physiological processes,
such as nourishment, digestion, need of food, affect
efficiency, and that variations in external conditions,
especlially of temperature, likewise leave some trace
upon the mental condition. But the most important
disturbing factor, aside from loss of attention due
to intruding ideas and distracting stimuli, is, of
course, fatigue.

Independent fluctuations of psychophysical en-
ergy. 'There remains yet one thing to which we may
make allusion, tentatively. R. Schulze ( Prakt. Schul-
mann, XLLIV, 351, cited by Burgerstein, 594) and, in-
dependently of him, Teljatnik (Burgerstein, 594 ff.)
have been led by their observations to consider the
possibility that our diurnal mental efficiency 1s
subject further to rhythmic fluetuations that oe-
cur regardless of whether we work or rest, and
that do not coincide with the divisions of our work
that are determined by pauses for the taking of tood
and its digestion. Then too, W. Stern (120), and
after him, Lay (417) proved what had long been as-
sumed as true, that there is a movement of energy
between two maxima that are separated by a mini-
mum at noon and in the early afternoon. But since
this depression of mental efficiency is plainly condi-
tioned by the midday meal, it is not an independent
and special factor. Schulze and Teljatnik, however,
have reference to a phenomenon which appears inde-
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The laws of fatigue, particularly, can be laid down,
at least in a broad and general way, thanks to every-
day observation and to those experimental investiga-
tions of the last decade to which we have already
given attention.

The phases of fatigue. These observations have
shown that fatigue passes through different stages
or phases of development. A piece of work that has
at first shown improvement in quality and quantity,
gradually undergoes a change that we must aseribe
to fatigue. The fatigue may have been really pres-
ent for some time before—though it is questionable
whether we should assume that it began at the mo-
ment that the work began (Cf. Claparéde’s discus
sion, 241 ff.)—but we notice it now for the first time.
This 1s the first stage of fatigue. During it, the
speed of work, it is to be noted, continues to increase;
we accomplish more, e. g., more computations or
more counting, in each unit of time; but the quahty
deteriorates; more mistakes are made. In the sec-
ond stage, the quantity of work done in a given unit
of time also decreases. In the third stage, with some
persons the work becomes slower and slower and
finally is given up entirely; with other persons there
is developed a considerable excitement. Féré calls
this condition fatigue-intoxication. We again do
more work, but the work is hurried and irregular;

74
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tigue; in that case, the curves would really be curves
of fatigne. Or we may regard them as caused by
individual differences in manner of working—differ-
ences 1n the degree to which work incites or interests
—and these differences would then be thought of as
added to the effect of fatigue. In that case we have a
more complicated work-curve, in which the decisive
element is the individually different pure curve of
work. This would be the case with the rising and
the concave type of curve, whereas with the falling
and convex curves fatigue would be the primary
factor.

It is, of course, to be remembered that these types,
as we have described them, are valid only for the
forenoon work of the school. What kinds of types
would be discovered if we took into consideration the
work of a whole day is yet to be ascertained.

Fatiguability is, therefore, a thing that shows
marked differences in different persons, even in
healthy persons of the same age. It is worth while
calling attention to Kraepelin’s proposal (Arch. f. d.
ges. Psych., I) that, when there is a system of see-
tions or parallel classes, the pupils should be divided,
on occasion and by way of experiment, on the basis
of their fatigumability, in order to render possible
treatment suited to their special type. M. Brahn has
argued in the same vein. Susceptibility to fatigue,
as is well known, is greater in those who are ill, par-
ticularly in those who suffer from traunmatic neuro-
ses. With them the fatigue is considerably greater
than that experienced by the most easily fatigued
well persons, as W. Specht (Arch. f. d. ges. Psych.,
I11) has demonstrated by the use of the method of
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vidual instruection. During the period of the best
mental and physical efficiency, namely from 20 to 30,
or perhaps to 40, fatiguability is naturally relatively
the least of any time of life. Thereafter it slowly
increases again.

It would be a mistake to suppose that this decrease
of susceptibility to fatigue, or this increase of effi-
ciency, keeps pace uniformly with increase of age.
Gilbert found by the use of the tapping test, which,
to be sure, is not especially accurate, that the in-
crease of efficiency with age is interrupted by periods
of special fatiguability, more specifically at 8, 13-14
and 16 years—the years, then, of more rapid phys-
ical growth (in Claperede, 208 f.).

Puberty. Mental growth, like bodily growth, is
especially influenced by puberty, and much more so
in girls than in boys. During this period, fatigua-
bility, to speak of that alone, is, as a rule, distinctly
increased. The school should then reduce its scho-
lastic requirements.* But, in our German Gymnasia,
the work of the Quinta, which, as everyone knows,
makes unusual exactions upon the pupils, falls in the
beginning of this period. Intelligent schoolmen, like
Richter (Lehrproben, XV, 29) have for some time
called attention to this evil. Since pubertal develop-
ment, on the average, sets in with girls at the 13th
year, but with boys only at the 15th year, it will not
do to educate the two sexes together during the 12th
to the 17th years. For, from 12 to 15, the require-

*Hifler (29 £., 39, 60 f.,, 176 ff.) has shown us how this can be
done in the case of mathematies by limiting (rather than omitting)
certain definition and demonstration work as given in Euclidian
geometry, and how this more hasty treatment of the subject may
be earried out without doing any lasting damage by lack of thor-
oughness.
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ments would be too high for the girls, if the average
efficiency of boys of this age were taken as the stand-
ard ; while from 15 to 17, they would perhaps be too
high for the boys, if they were based upon 15he aver-
age efficiency of the girls; or else the requirements
would have to be reduced, at first in the interest of
the girls, in which case the boys would not be ade-
quately stimulated; later on in the interest of the
boys, in which case, again, the efficiency of the girls
would not be turned completely to account. This is
an argument advanced by Burgerstein (524 ff.)
against coeducation in the German middle schools,
and it is worthy of serious consideration. For the
rest, the relations between sex and fatiguability are
still quite as uncertain as those between intelligence
and fatiguability. The greater susceptibility to
fatigne of younger children is to be met by
shorter lesson-periods, fewer hours of study and
more frequent pauses, particularly in the primary
grades.

Length of lesson-periods. In dealing with the mat-
ter of the length of lesson-periods we may as well
see clearly at the start that human nature gives us no
absolute warrant whatsoever for making a lessen-
period exactly an hour, exactly 60 minutes. The fact
that this is the most usual length [in Germany] is
due to the simple fact that the clock is divided into
12 sections; in other words, we use hours in school
Just because we have got used to dividing up our day
into twice twelve parts. And we divide our day by
twelves for the same reason that we buy our collars,
our handkerchiefs, and our candles by the dozen
rather than by tens, just because of a preference for
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the number twelve that even the ancient Babylonians
were conscious of. This preference, or special fond-
ness, for the number twelve is to be traced to the
astronomical fact that the moon encircles the earth
twelve times in one year. To take such a purely ex-
traneously determined custom, however ancient it
may be, as a basis for the division of work, and on
the basis of it to make every portion of work the
same for persons of every age, for every kind of
material, for every method of procedure, and for
every time of the day, as our school programs, taken
as a whole, have done down to the most recent times,
1s perfectly absurd. The only rational time at which
to stop work and to indulge in a restorative pause
is the time at which the worker feels that he is get-
ting tired, or at which, if he does not notice his
fatigue himself, he nevertheless displays easily rec-
ognizable signs of fatigue, e. g., in addition to the
poorer quality of his work (which is of special im-
portance in experimental investigation), particularly
signs of uneasiness, decrease of attention, and a
tendency to dawdle—symptoms which may even be
seen, not only in ordinarily attentive and conscien-
tious children, but also in adults These and other
like symptoms should obviously not be regarded, as
is all too often the case, as invariably punishable
offenses, but as signals of fatigue, as signs that the
work ought now to be stopped and opportunity given
for rest.* To decide when the pupil has reached this
stage in his work is precisely the teacher’s problem.
To do it he needs psychological understanding.

*F, Galton, Jour. Anthrop. Inst. and Revue scient., XVII (1889) ;
also A. M. Boubier, Arch. de Psych., I (1902).
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Moreover, the teacher can make allowance, without
introducing any pause, within any given part of the
school program, for the fatigue (which, as we know,
does not exactly conform to the program divisions) ;
he can check the too rapid development of fatigue
by changing his manner of treating the subject-mat-
ter of the lesson, by making a transition to some
other phase of the same subject-matter, and by other
similar variations. In this way he can fit the length
of the lesson-period specified in the school program
to the individual needs of his classes.

On the other hand, the length of the lesson-period
in general cannot, of course, so far as the publie
schools are concerned, be cut to fit the special needs
of a single class, but must be arranged to suit the
average efficiency of all the classes of the same
grade. It would need only a few well distributed ex-
perimental tests to secure the information necessary
for this purpose. It is only in the last 15 years that
we have brought about what the investigations of the
school hygienists have been demanding for the past
40 years, that here and there authorities have shaken
themselves free from the bonds of the customary
distribution of time into hours and have granted to
the younger pupils, or at least to the more easily
tatigned elementary grades, the shorter lesson-
periods which the maturer pupils of the higher
schools have long enjoyed. For feeble-minded chil-
dren, indeed, a half-hour ought to be regarded as
long enough for a period (Heller).

Thus, in the middle schools of Norway (Gymnasia
and the like) the lesson-period, since 1896, has been
limited to 45 minutes, and in Berlin, since 1898, the
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period has been set at 30 minutes, at least for the
lowest grades of the Volksschule. Like improve-
ments have been tried in other cities (Cf. Burger-
stein, 543 ff.). It is to be recommended, however,
that, for the upper grades of the Volksschule, and
still more for the more exacting Mittelschule, the
lesson- perind be increased to 45-50 minutes (the so-
called ‘short-hour’), and that a pause of increasing
length be introduced after every period. At Karls-
ruhe, since 1894, the limitation of the class-period to
50 minutes in the Oberrealschule and the Realgym-
nasium has yielded good results and has made it pos-
sible to have a continuous five-hour session (Treut-
lein). And R. Keller (Intern. Archiv., I, 297 ff.),
according to the unanimous verdict of his school-
board (which was at first distrustful of the idea),
has, by the use of a 40-minute period, attained excel-
lent results, especially in the lower classes, in the
Realgymmasium and the trade school at Winterthur.
Nevertheless, it will sometimes be found worth while,
for the sake of school work, to extend the lesson over
the hour period. To this point we shall return later
on. Reducing everything to rule, however desirable
it may be, is more likely to work injury in educa-
tional work than it is in any other field. W. Hellpach,
of Karlsruhe, proposes as a regular weekly schedule
the introduection, in addition to the ordinary short-
hours of 45 minutes, of six ‘long-hours’ of 80 min-
utes each—this, however, only for the upper grades
whose members have passed the period of puberty.
and only for review work. But even this type of
work, if the pupils co-operate actively, makes inten-
sive demands upon time, as may be noted in every bit
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hours for younger and five for maturer pupils as the
maximum per day. G. Heberich and K. Schmid-Mon-
nard (292 ff.) demand that the mazimal number of
hours per week shall be 24 regular hours. This figure
is least exceeded by the humanistic Gymnasia of Ba-
varia, with their 27 periods in the highest classes,
as compared with 31 in the Realgymnasium. It is
another question how much time should be permitted
for optional work. It can hardly be denied that very
many pupils do too much for their good, and that
many teachers do not restrain them from it, as if this
elective work made no demands on nervous energy.
For this type of work, too, a maximum time should be
allotted ; three periods a week in science, three or four
in musie, two or three for drawing and stenography
should be the maximum for elective hours. If the
home throws a burden of added hours on the pupil.
then it must itself take the responsibility for it. But
it would, however, be well for the school to warn the
parents over and over again of the dangers of such
overburdening of their children and to show them
very clearly what their responsibility is in this mat-
ter, for they are seldom sufficiently well aware of it
(see also Doérnberger, Med. Prax., 13).

Days of the week. Another debated question is:
What days of the week are most favorable for mental
work? School authorities are apt, as a rule, to think
little of the days, or at least of the first half of the
days, that follow Sundays and holidays, and it is, in-
deed, out of kindly consideration of this eircumstance
that in many places it is forbidden to assign written
tests or problems on these days. Kemsies (Arbeits-
hygiene) reached, however, somewhat different re-
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in England (Abelson, 484). That this rest-pause is
the more beneficial and the more recuperative, the
longer it lasts, and that its effect is the more notice-
able, the longer the previous work had been,* is no
less certain than that the rest-pause must be made so
much the longer, the more fatiguing had been the pre-
vious work, the more the psychophysical energy had
been drawn opon. From this it follows that—if we
take no account of differences in diffienlty of the vari-
ous subjects in the ecurriculum—the first pause should
be the shortest, and that the pauses should be made
longer and longer in order to prevent a too rapid low-
ering of efficiency, e. g., 15 minutes at 10 o’clock, 15
to 20 minutes at 11 o’clock, and finally, at least 20 min-
utes at 12 o’clock. In working with feeble-minded
children, the pauses must be made still longer, since
these children are much more liable to fatigue (Hel-
ler). What holds good for the way the shorter pauses
are occupied, holds good also for the long ones.

That gymnastic exercises are really work, and
therefore out of place in rest-pauses, will be brought
out clearly later on.

The noon intermission is a pause of special signifi-
cance. As our day is at present divided, this pause
serves to secure an abundant supply of nourishment.
The organism is so much concerned in the subsequent
processes of digestion that it has little energy to
spare for mental work. The organism demands
quiet. ‘‘Plenus venter non studet libenter’’ is a well-
established maxim, and if it be not heeded, the work
is done less successfully and with greater effort, as

*The experimental confirmation of this and of similar observa-
tions has been supplied by G. Heiimann (Psychol. Arbeiten, IV).
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Abelson (434) has clearly shown by esthesiometric
tests. And so the schools have been very properly
forbidden to set tasks that can be completed only by
working over the noon hour. The school cannot pre-
vent some pupils from preparing a part of their
afternoon lessons and other eager pupils from run-
ning over their assigned work once more during re-
cesses and intermissions. This undesirable kind of
work during the noon hour can be entirely avoided
only by giving up all informational instruction in the
afternoon. Besides, the noon intermission, which, as
scheduled, is already much too short, and which is
frequently misused by being put to other mental
work, is yet further shortened, and to a considerable
extent, by external conditions. In the larger cities it
18 unfortunately impossible for all of the pupils,
whose instruction, on account of elective work, often
runs to 12 o’clock, to get to their dinner table by half-
past 12 and to finish the digestion of their dinner and
to regain sufficient mental freshness by 2 o’clock,
when the afternoon work ordinarily begms—tﬂ say
nothing of the fatigue set up by the morning’s work
that should be eliminated so far as possible. The in-
disposition for mental work that every teacher, even
the youngest of us, notes after eating, and that many
persons can drive away only by the use of coffee, is
felt by the pupil, too, especially during periods of
rapid growth and also when the weather is hot. And
the ability of the school child to do mental work is
fully restored at the beginning of the afternoon ses-
sion only in the rarest cases {Grlesbach Vannod,
Wagner, Friedrich, and Burgerstein in his Hand-
buch, 581 ff.). Tt is, accordingly, one of the most jus-
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tifiable demands of school hygiene that the afternoon
session, if it be not done away with entirely, should
begin at the very least two hours after the noon meal,
1. e., at 3 o’clock, and not at 2 o’clock, which would be
justifiable at most only if all the pupils sat down to
their dinner at 12 o’clock—a custom that is becoming
less and less common in our larger cities as the years
go by.*

The pause that yields most abundant recuperation
18, of course, sleep, during which, if it be quiet and
dreamless, 1t may be assumed, no fatigne-substances
are produced at all, while assimilation far preponder-
ates over dissimilation. Without recounting in detail
the laws of sleep discovered by Romer, we may point
out simply that, in general, the same Jaws that hold
for pauses of all kinds hold also for sleep. Sleep
must, accordingly, be the longer, the more strenuous
has been the work that has preceded it, and the more
easily fatigued the organism is. It follows that the
need of sleep is the greater, the farther the person 1s
from the stage of mental and physical maturity.
Babies spend, or should spend, the greater part of the
time in sleep. And Axel Key (166 ff.), the Swedish
school hygienist, is right when he demands 11 hours
of sleep for 7 to 9 years old children, 10 hours for 10
to 13 year old children, and as many as 9 hours for
older pupils. Adult mental workers need from 7 to 8
hours. It must not be forgotten in this connection
that the need of sleep is less in summer than in win-
ter. Unfortunately, we know full well that very many
school children tend to spend in sleep fewer hours

*The Max-Gymnasium at Munich beglns afternoon.instruction in
summer anyway as late as 3 o’clock,
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than they should.* The blame attaches sometimes to
the home, sometimes to the school, and frequently the
trouble lies in external conditions, such as poverty
and the like, over which neither school nor home has
control (Cf. Burgerstein, 680 f.) The recuperative
effect of sleep is, of course, the greater, the less the
organism’s activity is continued in it, the less, in
other words, the sleep is disturbed—whether by out-
ward impressions, by dreams, by the after-effects of
strenuous mental work undertaken just before going
to bed, or finally, by indigestible or stimulating sup-
pers. It is, therefore, essential that pupils should not
be allowed to continue their study up to the time they
go to bed, but should be busied with light reading,
simple music or games and the like. All the school
can do in this connection is, of course, to give good
advice to the parents. The school has still more in-
terest in—but, unfortunately, has still less influence
upon—the external conditions under which children
get their sleep—conditions which, as Friedrich has
shown for Wiirzburg, Bernhard for Berlin, and Ra-
venhill for English elementary schools, are often the
worst conceivable. If a full amount of sleep is not
sufficient to restore the capacity for work completely
by the next morning, then the demands made on the
organism by the work of the previous day were too
great for its efficiency. This might occur either be-
cause the efficiency had itself been weakened (per-
haps by illness or inadequate nutrition), or because
excessive demands had been made upon a person of
perfectly normal efficiency, i. e., upon an efficiency

*Dirnberger and Grassmann (12) found, however, that pupils
in the Gymnasia at Munich had enough sleep.
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that had not been reduced by any otherwise unfavor-
able circumstances. In the first instance, we have
over-fatigue as a result of an abnormal and especially
pathological fatiguability ; in the second case, we have
over-fatigue as over-burdening, i. e., as a result of
activity that exceeded the normal capacity. It is
hard to prevent occasional over-fatigue, and we need
not take that very tragically. But if it is repeated,
or if it persists, and if, for weeks at a time, sleep and
the other rest-pauses that interrupt the work do not
completely restore the efficiency available at the be-
ginning of the periods of work, if the periods of men-
tal freshness become shorter and shorter, and if fa-
tigue sets in earlier and earlier—as both teachers and
pupils frequently experience after a hard year of
school work, or as mental workers in general experi-
ence in the form of the well-known ‘year’s fatigne’—
then, indeed, we have a condition that calls for seri-
ous consideration. These symptoms show that, just
in these longer periods of work, the consumption of
nervous energy has gone so far that the ordinary
rest-pauses no longer suffice to restore it completely.
Quite often, even in a case like this, a still longer
pause, one of several days or weeks, especially a
vacation, may bring energy back to the height at
which it usnally stands in the first weeks of the school
year. If the restoration of the original efficiency is
not brought about even then, we have undoubtedly to
do with exhaustion. Schuyten (Owerlading, ete.),
unfortunately, did not apply this final and decisive
test.

If this sign of over-fatigue, or exhaustion, appears
in the majority of its pupils, the school must make a
considerable reduction in its demands and change its
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short and frequent vacations are more favorable for
school work than relatively longer and fewer ones.
Certain it is that, during long vacations of several
weeks duration, the pupils drift farther away from
the spirit of school work than they do during short
intermissions of only one or two weeks. Yet thisis no
disadvantage from the hygienic point of view. It is
a good thing for pupils completely to forget their
school cares and duties once in a while, and this they
can scarcely do in one or two weeks. Of course, it is
equally true that they forget a good deal of what they
have learned as well. But systematic drill, with repe-
tition, can re-create this lost material in the first
weeks of the new term, without delaying entrance
upon the new work for which the pupils are eager.
However, this is a matter that has not been suffi-
ciently tested scientifically as yet.

Even if the loss occasioned by the long vacation
could not be easily recovered, nevertheless the ar-
rangements of vacation periods already made by the
school authorities and in other social and business
circles would have to be considered. To make new
vacation arrangements at the risk of rendering more
difficult the gathering together of the whole family (a
custom that leads to the arousal of a multitude of
stimulating ideas in the new surroundings of country
life and that affords both children and parents oppor-
tunity for a more intimate mental intercourse than
the busy days of the remainder of the year) would be
to administer a serious setback to the development of
family life that already suffers manifold restrictions
in other ways. In this matter school hygiene will
have to give way somewhat to social and ethical con-
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longer pauses for recuperation, and that they should
be limited in use to the upper grades. In these upper
grades, where, for the sake of pedagogic unity, a les-
son must often present and work over a considerable
number of ideas, the lesson-period in general must
frequently be longer than in the lower grades. And
the lessened susceptibility to fatigue of these maturer
pupils makes such an arrangement permissible.

Naturally, the loss of general swing is another mat-
ter. To lose it works injury even when the subject-
matter of the new lesson is quite different. The first
five or ten minutes will always be handicapped by the
very unfavorable influence of an incomplete fitness
for work. The school would best be served by short
pauses which would permit the general swing to be
maintained, though specifie fitness would be lost, and
at the same time a certain amount of recuperation
would take place. To select just the best length for
pauses—a length such that the loss of swing and the
gain in recuperation would balance one another—is,
on account of the many contributory factors, a prob-
lem by itself, the solution of which still presents so
many difficulties to experimental psychology that it
would be safer and better for the school to choose the
lesser evil, the loss of swing, so that it may at least
avoid the greater evil, overburdening.

Change of work: special and general fatigue.
(Change of work also brings about recuperation often-
times. If we mean by this statement that, when we
resume a task that we have interrupted by some other
form of activity, we then work considerably better
than before the interruption—that, to speak more ac-
curately, we enter upon the task again with a fresh
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supply of energy—then the statement, i view of the
preceding discussion, is very much to be doubted. 1t
cannot be supposed that, in our complicated psycho-
physical organism, an activity of appreciable _inten-
sity can run its course in any part of our complicated
psychophysical organism without thereby affecting
the functions of the other portions of the organism,
and hence of the whole organism. And the more man-
ifold, the more intimate the connection of the one part
with the remaining parts, the more rapidly and the
more extensively will the fatigue make itself evident
in these parts as well.

Conversely, the less the active part be connected
with the remainder of the organism, the more it is
possible to limit its functioning to itself, the more
slowly will the fatigue spread to the other parts, and
the more possible will it be for the fatigue to take on
the semblance of localized and isolated fatigue. This
is shown by Urbantschitsch’s observation that a con-
tinuous tuning-fork tone after a time becomes inaud-
ible, although the striking of any other fork readily
evokes its proper auditory sensation, The organ,
then,—whether as a whole or in some definite part we
need not try to decide—fatigues for just that one
tone, but not—or more exactly, not yet—for the
others. This is substantially the same thing as J. J.
Miiller discovered, when he proved that overtones be-
come ineffective if they have been given intensely
just beforehand. Amother example of fatigue by
and for a very specific activity is the negative after-
image, for this—at least in terms of the Young-Helin-
holtz theory of color semsations—is an instance of
fatigue for the color previously seen (or the light-
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waves that correspond to this color), coupled with
continued sensitivity for other colors (or other light-
waves).* Finally, the marked unreliability of the
physiological methods of measuring fatigue, especi-
ally in the case of mild degrees of the fatigue set up
by mental work, is most easily explained by the as-
sumption that the active parts of the organism fa-
tigue first of all, and that the organism as a whole,
especially the musculature, is only gradually sympa-
thetically affected. The same assumption, too, en-
ables us to see how there may be a general, as well as
a special fitness for work. There is, then, such a thing
as special fatigue, which we must look upon as a
consumption of the constitutive materials of the act-
ive organ—a process that in the very nature of the
case 1s limited to the organ in question—and as a
secretion of fatigue-substances that accumulate at
first at the point where the work is done.
Nevertheless, there is no isolated fatigue. The fa-
tigue-substances do not remain where they are se-
creted, but are carried forth through the whole body
by the ceaseless circulation of the blood. Thus, there
appears a general as well as a special fatigne. More-
over, the fact that the part of the body that is vigor-
ously at work is continuously and extensively draw-
ing recuperative materials from the circulation must
bring it about that a lesser amount of these materials
remain at the disposal of the other organs. And
Mosso even believes that an organ draws upon the
supplies of other organs as well, that it uses up their
reserves, so to speak, e. g., that the brain, during its
activity, draws upon the muscles for recuperative

*(Of. L. Hermann, Lehrbuch der Physiologie, 2d ed., 523 1.



THE LAWS OF FATIGUE 97

substances. This is the second way in which fatigue
may spread from the active organ. It follows quite
clearly from this that, when one organ 1s intensely
active, there cannot well be any storage of recupera-
tive materials in the other organs, but that, on the
contrary, these organs must also in time be exhausted.
And, of course, the same thing is true if vigorous
activity is discontinued in one organ, but set up in
some other with equal intensity. Accordingly, change
of work, or more properly, changing the organ that
works, does not bring about recuperation as long as
the consumption of materials continues at the same
rate.

If, however, the work to which we change is con-
siderably easier—if it is of such a kind that, to put it
in the terms of our discussion, it generates a smaller
amount of fatigue-substances and makes smaller de-
mands on the available supply of material, and if the
supply of material, at least by respiration, goes on
unchecked—then change of work may, it must be ad-
mitted, bring about recuperation. Whether and to
what extent a given piece of work is easier depends,
naturally, on the kind of work that it is, and also upon
the individuality of the worker, his knowledge, his
native ability, his suseeptibility to practice, his skill,
his interests, and the like—in short, on the manner
and method in which he takes his work.

But we think, too, that we can often discern a recu-
perative effect when we change from one form of ac-
tivity to another of equal intensity. Here, however,
1t does not appear that we are dealing with recupera-
tion in the strict sense of the term. The work that is
resumed is not essentially better than it was before
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the interruption. Not essentially better, we must
say, for the inevitable slight pauses do actually exert
some slight recuperative effect, and our fresh start is
affected favorably by an initial spurt, here the spurt
of change, as we have termed it. Our work, however,
is certainly much better than it would have been had
we continued without any interruption to the same
moment of time. It is, then, not really bettered, but
has simply not grown any worse. Obviously, because
the consumption of material in the organ in question
ceased during the interruption, whereas in the second
case, it would have continued uninterruptedly.

The experiments conducted by Weygandt (Psychol.
Arbeiten, 11 and Kraepelin, Uberbiirdungsfrage, 9
ff.), that are often cited as decisive against the recu-
perative effect of a change, do not, of course, really
suffice to refute this assumption or that of the exist-
ence of partial fatigue. His experiments merely
prove that if an easy piece of work interrupts a more
difficult one, the result is that we do better when we
resume the difficult work than we would have done if
we had worked on with the difficult task for the same
length of time without the interruption—a result
that is perfectly intelligible for us from what we have
already seen. His results do not, however, prove any-
thing against the idea of special fatigue or anything
against that of an advantageous effect arising from
the change in kind of work (meither do the experi-
ments of Schulze, in which changes were arranged
between adding and copying letters), for the forms
of work used for the shifts of activity (adding, memo-
rizing of series of numbers and syllables, cancella-
tion, the reading of texts in a foreign language, etc.)
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of which the nerve cells are built up, so that, when the
former activity is resumed, this fact, taken together
with the spurt of change, results in better perform-
ances than before the interruption of the activity,
and in this way there seems to be a recuperation.

And the fact that in the new work, 4. e., in what
might be called the ‘change-work,” more is accom-
plished than at the end of the previous work, despite
the general reduction of efficiency to be expected from
the distribution of the fatigue-substances, is intel-
ligible. On the one hand, the stimulus of novelty re-
awakens interest and incites us to a greater expendi-
ture of energy (the effect of mood). On the other
hand, the parts of the organism that are set into ac-
tivity by the new work have not yet been concerned in
work ; their store of energy has not yet been assailed.

It is, of course, presupposed that the previous work
had fatigued the organism only moderately, and that
the new work i1s essentially different from that that
had preceded it.* On this account, the form of change
that most effectually slows the progress of fatigue,
though it does not, of course, entirely check it, is the
change from mental and bodily work. All in all, the
view frequently held by educators (e. g., Richier,
Lehrproben, X1V, 14) that change means recupera-
tion appears to be but the psychologically and physi-
ologically unjustifiable interpretation of observations
that of themselves are not incorrect.

Social activities. What we have said about the ef-

*Special (partial) and general fatigue are distinguished also by
Mosso (244), Kraepelin (Uberbiirdungsfrage, 16) and, apparently,
by Clapardéde (236, but see 218 ff. and 268 f.), only that these
writers lay more emphasis upon the general effect, while Teljatnik
(in Burgerstein, 467) emphasizes rather the partial fatigue effect.
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in other ways proved that gymnastics exert a strong
fatigue-effect; in faet, all who have used scientific
methods of measurement have come to striking
agreement on this point (Cf. Burgerstein, 570 ff.).*
However, this kind of fatigue-effect, when of moder-
ate degree, has the merit that one speedily recovers
from it, so that, even after an hour’s rest, especially
if nourishment be taken during that time, one feels
again prepared for mental work and one may ac-
complish very good results in it (Cf. Abelson, 414,
486). The reason for this is that there are operative
here other favorable factors which can soon cancel
the fatigue-effect. The vigorous exercise, especially
when taken in fresh air, the anugmented metabolism
and the consequent augmented supply of the mate-
rials that build up the body, particularly the aung-
mented supply of oxygen through the quickening and
deepening of respiration and of nutritive material
through the quickening of appetite, the hastening of
the elimination or the oxidization of the fatigue-
products, all these are factors that condition a rapid
renewal of the stock of psychophysical energy used
up by the strenuous bodily activity. So that gymnas-
ties may, after all, possess indirectly an unquestioned
recuperative value, not merely an apparent one, as
Gaupp (118) thinks. When interpreted in this way,
there is justification for the general opinion of the
value of exercise—an opinion in which no distinetion
is made between the direct and the indirect effect of
exercise. If, however, the subsidiary effects which

*See also the results of Smedley at Chieago, in Rept. Dept. Child-
Study and Pedagogiec Investigation (46th An. Rept. Brd. Edue,
Chicago), 1899-1900.—T'ranslator.
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determine for particular children, or groups of chil-
dren, by dint of careful observation, in what way, to
what degree, and at what time physical activity is a
healthy counteractivity for mental work: as it will be
also their business to determine how gymnasties, that
obviously serve not only hygienie, but also pedagog-
ical purposes (training in discipline, order, vigor and
physical development), shall be given due place along
with the studies of the school, and how neither physi-
cal nor mental training shall suffer from the other,
but shall be of mutual advantage. The working out
of this problem is the art of pedagogic diplomacy.
Theory can supply only certain guiding prineiples.
the most important of which are: Physical activity is
also fatiguing work. It cannot, therefore, afford re-
cuperation after mental work, but itself demands a
period of rest. It is, however, accompanied by sec-
ondary results that are extremely helpful for recu-
peration after mental work. These secondary results
are best realized when there is no activity of any kind
directly after the physical activity; for this reason,
it is well to have the exercise come at the end of the
formal school instruction, particularly because it
then satisfies the desire for movement that comes
from sitting still for a long time. If the exercise be
carried out with less intensity, it has a stimulating
effect, and then, but only then, it can be taken be-
tween, or even before, the period of formal instrue-
tion.

Fatigue-coefficient of the studies. We see, then,
that gymnastics and similar physical activities have
a special relation to fatigue. Buf, in the same way,
every discipline, every subject-matter, has its own
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fatiguing than geography and French (here the
mother tongue). But it is interesting to note that
Vannod found drawing to be strongly fatiguing, also.
Quite in accord, again, with schoolroom experience is
Ritter’s observation that exercises in sight transla-
tion are more exacting than the reading of the au-
thors. There is no reason to be surprised that these
experimental results do not show more exact agree-
ment when we consider the inequality of the conduct
~of class instruction and of the requirements of
schools of different, and even of those of the same
type, and when we remember, further, that the meas-
urements were not all taken by the same method
and that the subjects in question were conducted at
different lesson-periods (before or after a pause,
before noon or after noon, at the beginning and at
the end of the school day), and that this discrepancy
has not been allowed for. There are also involved
here certain other factors that we shall diseuss later.

Afternoon instruction. The specific fatigue-effect
of afternoon instruetion is still undetermined.
Sakaki, Vaschide and Vannod, on the basis of their
esthesiometric tests, made out that afternoon instrae-
tion fatigues much more than forenoon instruction.
Similarly, Schuyten found (Voor- en Nam) that in
afternoon sessions more errors were made in copying
and poorer results were exhibited in learning two-
place numbers. But it is not certain how much the
physiological factor, digestion, may have affected
this result. We may assume, on the other hand, that
the taking in of nourishment brings with it a restora-
tion of the supply of energy. The ergograph, and
likewise the dynamometer (Schuyten), shows that
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eating the noon meal. This second work-period is, in
faet, more favorable than the morning period for
many persons (Cf., also, Schuyten, Paed. Jaarboek,
VII). The most satisfactory plan for giving proper
weight to all the pertinent factors appears to be to
put formal school exercises so far as possible in the
forenoon, to use the afternoon for comprehensive,
but not formal physical activity, and then, after a rest
of half an hour to an hour, with nourishment, to de-
vote the evening hours from 5 to 8 to mental work
again, using this time for the pupils’ studies, for
reading, and for review and preparation of home-
work—the abolition of which, as desired by many per-
sons, including some teachers, would not be at all
favorable to training in independent mental work;
as even Kraepelin (Ueberb. 37) admits. From these
considerations, there appears justification of evening
schools for apprentices, for whom, as a rule, such
courses are more of a recreation than an exaction of
further effort (Schuyten).*

School program. These considerations of the value
of forenoon and afternoon sessions and of the fa-
tigue-value of the several studies are naturally of sig-
nificance in the arrangement of the school program,
as well as for the choice of the total number of pe-
riods, and particularly for the division of these
periods. We shall have to try to put the most difficult
subjects in the first two periods of the day, to put
some easier subjects between difficult subjects, and to
put gymnastics at the end of the forenoon session, or

*See, however, Winch, Some measurements of mental fatigue in
adolescent pupils in evening schools, Jour. Edue. Psychol. I, 1910,
13-24, 83-100,where different conclusions are reached.—Translator.
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even better, to defer these until the afternoon, as had,
indeed, been done, so far as feasible, in many places,
before these questions were attacked by experimen-
tal investigation. One of the worst obstacles encoun-
tered in the attempt to make such arrangements is
the system of departmental instruction.

Schiller (1897) was the first to try to adjust a
school program in conformity with the results of ex-
perimental psychology. But it is clear that this was
only a preliminary attempt, which did not, and could
not, claim to afford an ultimate solution. The inves-
tigations of the fatigue-value of the several studies
are still far from reaching results that are in any
way conclusive. Nor can they ever afford us univer-
sally valid conclusions. Strictly interpreted, even
when the difficulty of the fatigue-effect at different
hours is obviated by making a large number of ex
periments, they are valid only for the average of a
class actually compounded of good, average and poor
pupils, animated by varied specific lines of interest.
But this changes in proportion as this composition of
the class changes by entrance or loss of pupils and in
proportion as the pupils themselves change, for we
must remember that their mental development does
not, in any case, proceed with entire uniformity. Fur-
thermore, the results must differ in other classes that
differ in composition according to the endowment
and propensities of the pupils. And it is well known,
too, that the same subject is not equally difficult in
every class—that, for instance, the geography of Ger-
many, which is the assignment for the first and sec-
ond classes of the Gymnasium, makes very much less
demand on the pupil, at least when skillfully man-



110 MENTAL FATIGUE

aged, than the geography of countries outside of Eu-
rope, which is assigned in the fourth class, and which
is commonly compressed into a single year’s work.
So we cannot simply say: geography is less fatigning
than, perhaps, a linguistic study. Then, again, a
school lesson is more exacting if the number of pu-
pils in the class is small, because then the pupils are
called on oftener and have to know their lesson
better.

Fatigue-coefficient of the teacher. One more fac-
tor is to be noted that appreciably complicates the
determination of the fatigue-coefficient of any study,
namely, the fatigue-coefficient of the teacher. The
more stimulating is a teacher’s instruction, the more
skillful he is in riveting the attention of his pupils,
the more fatiguing is his instruction. The interest
aroused by the teacher may banish the feeling of
fatigue in the pupils, but, as Griesbach (Intern.
Archiv., V) properly remarks, this interest can as lit-
tle remove the actual fatigue of the pupils as can the
music of the regimental band banish the fatigue of a
marching troop. This everyday observation has been
confirmed by Wagner (Unterricht und Ermiidung,
115 ff.) by means of esthesiometric tests. And he 1s
right when he estimates this factor as of more impor-
tance than the fatigue-value of the subject-matter.
Moreover, a teacher who has little capacity for sus-
taining his pupil’s attention can compel them to more
active participation by harsh disciplinary measures.
In such cases, the pupils exert their whole energy
from fear.

Fatigue-coefficient of the method of teaching and
learning. Besides the fatigue-coefficient of the
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teacher and that of the subject-matter, there is also
a fatigue-coefficient of the method of teaching and
learning. Thus far scarcely any attempt has been
made to evaluate it; only Eulenburg and Bach (p.
1239) mention it. But it is evident that, even from
the standpoint of the economy of mental forece, it is
not a matter of indifference whether I acquire certain
information, e. g., in the history of civilization, in
botany, in physies, or in chemistry, by merely listen-
ing to a verbal description, or by reading about it, or
by observation. Again, in the observation itself it is
not a matter of indifference whether, in my eonsider-
ation of the obhject or of the pictorial representation
of it, I am guided by an accompanying desecription
of the teacher, or whether I have quite by myself to
pick out the essential features and separate them
from the unessential ones. And it certainly makes
some difference in the demands on mental efficiency
whether a poem or a prose selection is learned by
heart without adequate explanation of its meaning,
or only after there has been gained complete under-
standing and adequate survey of the thing as a whole
and after some emotional reaction has thus been
awakened for the piece. Again, it will make a dis-
tinet difference whether a principle in physies has
chanced to be worked out deductively and developed
by mathematical formulas, or whether it has been dis-
covered inductively by the introduction of experi-
ments, whether the course of thought of a problem in
philosophy, ethies, or natural science has been sim-
ply assimilated in a purely receptive manner, or has
been developed by means of free exchange of ideas
between pupils and teacher. These statements are,
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of course, only opinions. In general, the problems
that are raised by them are, unfortunately, in large
measure so complex in nature that their solution by
experiment is still a far-distant matter. Meantime,
we must rely for the working out of such problems
entirely upon the keen sensitivity of the teacher who
keeps watch on the effects of his teaching.
Indwidual instruction and class mstruction. It
1s also clear that the economy of mental energy is dif-
ferent 1n individual, from that in class instruction,
and that this difference plays a very decisive influ-
ence in the division of the subject-matter and the ar-
rangements of the school program. (lass instruec-
tion makes distinetly fewer demands on the attention
of the pupils, for it permits those pupils who are not
actually called on for recitation to work at half-atien-
tion. Kraepelin (Geistige Arbeit, 18) sees in this
very fact a safety-valve, an antomatic protective de-
vice against the over-exactions of the school. If, he
means, the pupil were compelled to work at maximal
attention during the whole school session, he would
break down. But, as we have already asserted once
before, class instruction does not really presuppose
this. Because, if it could ever be brought about that
the pupils followed the whole lesson with undivided
attention, then we could certainly get on with a much
shorter school session. Individual instruction dem-
onstrates the truth of this statement. But, since the
school cannot compel this intensive concentration of
attention, it must extend the duration of the school
day to make up for it. From the point of view of the
teacher, however, the relations are just the reverse.
For him, individual instruction is much less exacting
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than class instruetion, which, as the class increases in
size, demands that just so much louder speech and
just so much more careful watching of the behavior
and of the attention of the pupils be added to the task
of teaching itself. The most exacting kind of school
work, as is well known, is preparation for an exam-
ination; this Griesbach has demonstrated by tests
with the esthesiometer.

Fatiguability of the teacher. This leads us now to
speak briefly of the teacher, since we have thus far
treated almost exclusively of the fatigue of pupils.
We noted once before that fatiguability reaches its
minimum, or mental efficiency its maximum, at the
beginning of the twenties. If other conditions are
favorable, we appear to remain in this stage some
ten or fifteen years, often still longer. As we reach
our fourth decade, efficiency slowly declines, and from
the age of 50 on, this decline becomes quite manifest
in many persons. From this, the conclusion may be
drawn that the teacher—Ilike every mental and physi-
cal worker—ought, as he grows older, to have his
load lightened, not increased, as is at present so often
the case; thus, for example, the teachers of the two
upper classes (the two Prima), who are frequently
the oldest of the staff, often have the hardest work—
with the possible exception of the teachers of the fifth
and sixth classes (the two T'ertia). The opposite ar-
rangement would be more rational from the stand-
point of economy of energy. Basing their action on
this same argument, the Austrian association of
teachers of the middle schools has incorporated into
their program a movement for the reduction of hours
of service as the age of the teacher increases—a posi-
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tion for which Burgerstein (p. 721) has pleaded for a
long time. It must be admitted that in Bavaria, as
the work is now distributed, there can, in general, be
no complaint that the teachers are overburdened, at
least so far as the number of hours of required in-
struction are concerned. And it is not only the right,
but the duty of those in charge of the schools to take
proper steps to insure that the teachers do not ex-
haust their energies all too soon by giving extra in-
struction outside the required school hours. The
maximal number of pupils for the middle and upper
classes seems, however, to be too great, when we con-
sider the labor of correcting the pupils’ work, and this
becomes particularly important in the cases, which
are many, in which the regular enrollment is the max-
imal number allowed. In the matter of number of
hours, only the teachers of the fourth and fifth classes
are overloaded in schools in which, as is still quite
often the case, they carry all the class instruction
save that in mathematies.

But even when the maximally permissible number
of hours are not assigned, the academically trained
teacher nevertheless finds that his capacity for work
is well taxed, more so than in most other academic
callings. Here, as ever, exceptions prove the rule.
Unstinted praise belongs to H. Schroder for having
proved incontestably by statistical inquiry that the
notion that the teacher, on account of his constant
association with youth, rejoices in unusual vitality is
a naive fable, that, as a matter of fact, the academi-
cally trained teacher, in particular, exhausts his pow-
ers sooner than do other officials of like training, and
that his liability to disease and his mortality exceeds






CONCLUSION

There are many other questions that may be raised
in connection with this subject. And we might at-
tempt, in summarizing, to work out a unitary theory
of fatigue. But this would be possible only by dis-
cussing the general energetics of mental life, the gen-
eral theory of the forces operative in our psychical
life, their amounts, their origins, their consumption,
and the laws of their interaction. We have been led,
indeed, to do this on more than one occasion, as, for
instance, when—in our earlier presentation of the
problem of memory along Lippsian lines—we made
use of the concept of mental energy and its supply,
and when we said of it that it increases with rest and
nutrition, but is used up during work. But it would
lead us farther into the field of psychological theo-
ries and hypotheses than would fit the purpose of the
present discussion were we to pursue these consider-
ations any longer.

Is it permissible that pupils be fatigued? But we
must first answer another question of importance to
the teacher. Is it permissible that pupils should be
fatigued by work, or more exactly, since there 1s no
work of any sort that does not fatigue, is it permas-
sible that pupils should be held to their work so long
that positive signs of fatigue, especially weariness
and reduction of work, appear?
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cies ; but he must also learn as well how to expend this
reserve prudently, and how he can restore it once
more. To learn the first lesson brings him assurance
and consciousness of power; to learn the second de-
ters from foolish use of his reserve capita] To shield
the pupil from these tests of strength 18 to rear him
in weakness and timidity. And in this sense, we
agree with Zielinski when he says: ‘‘An easy schonl
18 a social erime”’ (see Hofler, 39 £.).

In the same way, physical training develops in the
growing being the capacity for resistance that is
requisite for life, not by timidly sheltering him from
the harshness of the elements, but by gradual habitn-
ation to them, by a process of hardening. In this
physical training, he is compelled—not every day,
but from time to time—to undertake trying marches
and fatiguing athletic games, to endure thirst and
hunger, heat and cold, weariness and pain of limb,
to exercise self-control by deferring the gratification
of his desires (perfectly justifiable intrinsically) un-
til the resting place has been reached, the journey’s
end attained. Then, to be sure, he is allowed to re-
store himself, but he is taught, even then, to choose
the proper kinds of food, to observe moderation, and
to take his repose in a rational manner. And if we
do this systematically and with due deliberation, if
we bring up our youth to proper care of their bodies,
more by strict training than by fine talking, we know
that we are thereby doing them a greater kindness
than if, out of weak sympathy, we had let them give
heed to every trivial eall of their bodily needs.

Training in mental hygiene. Now. training in
mental hygiene must follow precisely the same plan,
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tematic plan of physical development. For it cannot
be denied that our cultured classes are now retro-
grading physically, and this means that ultimately
they will lose in mental efficiency as well. The school
18 certainly much less to blame for this condition of
affairs than people are apt to think. Only an excep-
tionally strong mervous system can withstand our
complex life, ever becoming more intensive, the de-
mands of our professional and our public ecareer, as
well as the manifold claims arising from other aspects
of our life—claims that we might avoid if we wished,
but to which we tend more and more to give way from
lack of moral force to decline them. Most of us suf-
fer, and our nervous vigor is seriously impaired by
this stress of life.

Nor is this all. The weakness of the parents is
handed down as a handicap of inheritance to the chil-
dren. These are facts to which we cannot close our
eyes. Rather must we keep the situation clearly be-
fore us, and use every endeavor to better faulty con-
ditions.

The edict of the Bavarian ministry of public in-
struction, which, several years ago, required the cul-
tivation of athletic games, has shown the right road.
We need only keep on in this direction. We must
make participation in games a duty, so that no pupils,
at least none of those who need them most, the weak-
lings, can fail to take part in them. And we must
make room for such games in our school program by
reducing the demands for intellectual work, so that
even the most industrious and conscientious, who are
the very ones that stand most in need of a counter-
actant to their mental effort, shall be able to indulge
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APPENDIX II.
THE TERMINOLOGY OF THE GERMAN SCHOOL SYSTEM.

No attempt has been made in the translation to find English
equivalents for Volksschule, Gymnasium and other types of Ger-
man schools, because there are no exact English equivalents. A
brief explanation of the German school system is therefore in
order. Each German state has its own system, yet there is a gen-
eral similarity of organization. The Prussian system may be taken
as typical. In that state, what would correspond to our public
schools are divided into two sections, which are often termed the
elementary and the secondary schools, respectively, though these
designations convey the false idea of an ‘educational ladder,’ like
our own system, that does not exist in Germany,

The elementary schools include the Volksschule, the Mittel-
schule and the Fortbildungsschule. These three schools serve to
train children of the laboring or lower business classes. Attend-
ance in the Volksschule is absolutely compulsory from six to four-
teen years, unless the child is otherwise instructed. The Mittel-
schule includes instruction in French and English, exacts a mod-
erate tuition fee, is patronized by the lower middle classes, and
hence draws pupils of better ability and home training. The mod-
ern Mittelschule may be considered a substitute for the earlier
Biirgerschule. The Fortbildungsschule (continuation school) is a
short course, required or optional, giving vocational and industrial
instruction to pupils who have finished the Volksschule or Mittel-
schule,

The higher or secondary schools include the Vorschule and
various types of Gymnasium and Realschule, as well as the
Hihere Midchenschule or Tdchterschule. The Vorschule is vir-
tually an elementary preparatory school, entered at six, and turn-
ing its pupils into higher schools proper at the age of nine. Prac-
tically all German children destined for higher education use the
Vorschule in place of the Volksschule or Mittelschule. Of the
higher schools proper, the Gymnasium, the Realgymnasium and the
Oberrealschule represents three co-ordinate, but independent, insti-
tutions, each with a prescribed nine-year curriculum. Pupils com-
monly enter, then, at nine, and are graduated at eighteen, so that
the course virtually includes the first two years of the ordinary
American college. Pupils may, subject to geographical limitations,
elect the type of school, and may in theory elect certain optional
supplementary work in them, but in practice, the required work
is heavy enough for most pupils. The nine classes, beginning at
the last, or senior, year are known as Oberprimda, Unterprima,
Obersecunda, Untersecunda, Obertertia, Untertertia, Quaria,

Quinta and Sexta, respectively.
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