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PREFACE.

The investigations into the problem of General Intelligence by

Spearman and his pupils have suggested new aspects to the problem

of fatigue, and new methods with which to attempt its solution. The

following little work is the outcome of an attempt to investigate the

existence or otherwise of general fatigue, and the relation between it

and the specific variety. The existence of general fatigue has been

assumed in most of the experimental work on this subject, while the

existence of a form of fatigue which is highly specific has been demon-

strated by McDougall and Flugel.

To the Director of the University College Laboratory, Professor

Spearman, I owe more than I can express. For his kindly help and

friendly criticism, I cannot be too grateful. I am also indebted to

Mr. J. C. Flugel for encouragement and assistance, readily given at

all times. I must also thank my wife for material assistance 4n pre-

paring the manuscript.

G.E.P.

Teachers' College, Sydney, Australia.
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MENTAL FATIGUE.

HISTORICAL SURVEY OF RECENT WORK.

A. Sensory and Muscular Tests.

1. ^Esthesiometcr.

2. Ergograph.

3. Length of Reaction Time.

B. Loss of Efficiency in performing a so-called Mental Test as

a Measure of Fatigue.

1. Work of the Kraepelin School.

2. Work done outside the Kraepelin. Laboratory.

HISTORICAL SURVEY OF RECENT WORK.

In the field of psychological inquiry in which our investigation lies,

there have been miny workers; but the most striking fact which assails

a reader of the literature of the subject is the divergences of opinion and
result which are there met witk We find contrary opinions held con-

cerning the nature of mental fatigue, the methods and tests used to

investigate it, as well as concerning the interpretation of the results

obtained by these methods.

Many of the problems connected with this subject are of the utmost

importance, not only to the experimental psychologist, but especially
to the educationalist. Does a change of work, for example, from one

subject to another really result in an increase of mental energy, or is the

result purely subjective in character and due to the revival of interest

and' the temporary abolition of boredom ? The ps} chologist looks at

the same question from his own point of view, and asks whether mental

fatigue is specific or general, and whether the fatigue incurred in per-

forming one mental task can be transferred to another different task.

In the following article an attempt will be made tD throw som3 light

upon one or two of these problems, particularly the problem of general

fatigue, which has been assumed in m?,ny investigations, and the shapes
of the work- curve, and of the curve of recovery from fatigue. In this

connection it may be well to remark that throughout the following

pages we shall define fatigue objectively, with Thorndike, ts "that
diminution in efficiency which rest can cure."

TESTS OF MENTAL FATIGUE.

Concerning the tests that one can adopt for detecting the presence
and degree of mental fatigue, we again find great differences of opinion.
We will here attempt to give a very brief summary of the principal work



f> MENTAL FATIGUE.

done with sensory and muscular tests, as some slight justification of the
methods we have used in our own research. A somewhat more com-

prehensive account of such recent work, as bears upon the methods and
aims of this investigation, will follow in the section on Mental Tests.

The latter account, however, in no wise claims to be exhaustive.

A. Sensory and Muscular Tests.

The influence of mental fatigue upon the sensibility of the skin, upon
muscular efficiency, and upon the length of reaction time, have each
been advocated by different writers as adequate tests of the state of

fatigue.
i. JEsthesiometric Tests.

Griesbach, Schuyten, Binet, and Abelson, among others, advocate the

use of the aesthesiometer as the most reliable test of fatigue.
Griesbach1 finds a distinct correlation between the amount of work

done and the results of his aesthesiometric tests
;
and Wagner,

2 Vannod,8

Binet,
4 and Schuyten,

5 have to a greater or less extent corroborated his

results. Abelson,
6
Sakaki,

7 and Michotte,
8 also obtained marked fatigue

effects with this instrument. On the other side, we have Kraepelin,
9

Bolton, 10 Germann, 11 and especially Leuba. 12

Kraepelin regards the aesthesiometer as useless as a measure of the

state of fatigue, and thinks that the results obtained by it are simply
the effect of suggestion.

Leuba repeated Griesbach's test on three psychologists and six women
students. This work is characterised by great care and thoroughness.
The tests extended over fourteen days, and the usual controls were given,
and arrangements made, to prevent changes of temperature. The subjects
were^ engaged upon hard mental work from 9 a.m. until 9.15 p.m., and
were tested at regular intervals. The women subjects, however, worked

only from 8.15 a.m. until 1.15 p.m. The results obtained absolutely
contradict those obtained" by Griesbach.

Bolton found that two hours severe mental work made no appreciable

change in the aesthesiometric index.

1 Griesbach, H. Archiv. f. Hygiene. 1895. .24.
2
Wagner, L. Unterricht und Ermiidung. Berlin. Ruther and Reichard. 1898.

3 Vannod, T. La Fatigue intellectuelle et son influence sur la Sensibilite cutanee.

Geneva. 1896.
4 Binet, A., and Henri, V. La Fatigue intellectuelle. Paris. 1898, p. 338.
5
Schuyten, M. C. Comment doit-on mesurer la Fatigue des Ecoliers. Arch, de

Psychol. 1904.
6 Abslson, A. R. Mental Fatigue and its measurement by the Aesthesiometer.

Leipzig. Engelmann. 1908.
7 Sakaki. Ermudungsmessungen in vier japardschen Schulen. Inter. Archiv. f.

Schulhygiene. 1905. Bd. i.

3 Michotte. Les Signes Regionaux. Travaux du Laboratorie de Psychologic

experimentale dsTUniversite de Louvain. 1905.
9
Kraepelin, E. Ueber Ermiidungsmessungen. Archiv. f. ges. Psychol. V. i.

1903, p 9.

10 Boiton, T. L. Ueber die Beziehungen zwischen Ermudiing, Raumsinn der

Jiaut und Muskelleistung. Psych. Arb. V. 4. 1902, p. 175.
11 Germann, G. B. On the validity of the ^sthesiometric Method as a measure

of Mental Fatigue. Psych. Rev. V. 6. 1899, p. 599.
12 Leuba J. H. On the validity of the Griesbach Method of determining Fatigue

Psyvii. Rev. V. 6. 1899, p. 573-
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(iermann carried out an investigation of a similar kind to that of

I.eiiba, upon one subject, and obtained similar results. A company, n

i)|' the method^ used, and of the devices employed to obviate the inflii

of extraneous factors, as well as of the care taken in the carrying out of

the work, as shown in the two opposing groups of investigators, tend to

bias one in favour of the latter group. On the other hand, th

taken in miking the aesthesiometric measurements may have the effect

of allowing the subject to recover somewhat from the effects of the

fatigue. For increased care means an increase in the time of performing
the test. Those who advocate the use of the aesthesiometer have all

used tests that can be quickly applied, and this may account for the

lack of uniformity in the results given by these two groups of investigators.

2. The Ergograph.

Mosso1 was the first to devise nd use the instrument which he lus

called the ergograph. The original instrument, however, has been
modified and improved by Kraepelin, Lombard, and Bergstrom. Mosso
found that the amount of work done with the ergograph is affected by
the duration and severity of the preceding mental work, and that the

general shape of the ergograms obtained is fairly constant for the

individual.

Kemsies2 tested .school children at various times in the school day,
and found a definite correlation between the amount of mental work
done and the ergographic record.

Claviere3 found that two hours of severe mental work causes a propor-
tional loss in the amount of muscular work performed; but mental
work of only moderate intensity has no appreciable effect on the ergo-

grams.

Cn the other hand, Larguier
4 and Bolton5 have found that mental

work increases the output of muscular work, as shown by the ergograms.
Bolton tested his subjects at intervals of two hours, during which they
added, rested, and walked, on consecutive days. The whole experiment
lasted fifteen days. The result obtained was that the ergogram, ex-

hibited no deterioration after the two hours mental or muscular work
as compared with the ergograms taken after two hours rest. Instead,,
as increase of work was found to be the case.

Thorndike6 used Cattell's Spring Ergograph. The subjects made
from 100 to 300 contractions at a constant rate of one contraction a

second, with a rest of one minute after each hunelred contractions. The
tests were made before r.nd after mental work, and the results showed
that the amount of mental work done had no adverse effect upon th >

1 Mosso, A. Fatigue (trans. M. and W. B. Drummond.) New York. Pa incurs

1904.
2 Kemsics, F. Arbeits Hygiene der Schule auf Grund von Ermiidungsmessungen.

Berlin. 1898.
3
Claviere, J. Le travail intellectuel dans ses rapports avec la force musculaire

mesuree au dynamometre. An. Psych. V. 7. 1900, p. 206.
4
Larguier, J. Essai de comparison sur les differentes methods proposees pour la

mesure de la fatigue intellectuelle. An. Psych. V. 5. 1898, p. 190.
5
Bolton, T. L., and Miller, E. F. Validity of the Ergograph as a measurer of

work capacity. Univ. of Ncbr. Stud. 1904. V. 4, p. 79.
6
Thorndike, E. L. Mental Fatigue. Psych. Rev. V. 7. p. 576.
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output of muscular work. Thorndike concludes that
"
the difference

between a mind before and after it has worked for six or eight hours
cannot be detected by a record of physical work."

Oseretzkowsky and Kraepelin
1 found that mental work had no constant

effect upon the ergographic record; sometimes the latter was increased
and sometimes decreased, but that very severe mental work undoubtedly
decreased the output of muscular work.

Ellis and Shipe
2 found no correlation between the results of the

ergograph and the reaction time tests after more than twelve hours of

mental work.

Miss Martin3 observed no constant deterioration in muscular capacity
due to the fatigue of a school day.

3. Length of- Reaction Time.

The length of reaction time to various stimuli has also been used as a

measure of fatigue.

Bettman4 found that prolonged mental work lengthens the reaction

time, but diminishes the percentage of false reactions, while muscular

fatigue shortens the reaction time, but increases the percentage of false

reactions.

Trautscholdt5 also finds the reaction time a good fatigue measure
and concludes that the fatigue effects are most marked in those subjects
whose reaction times were fastest.

Arai6 does not find any difference between the reaction time in the

morning and in the afternoon after a hard day's mental work.

Ellis and Shipe
7 found no correlation between the reaction time and

mental tests performed after some hours of mental work.

It is evident that the experimental investigation of fatigue by means
of sensory and muscular tests has given no definite or constant results

\vhich would enable us to conclude that any of these methods gives an

adequate measure of fatigue. Before any one test can be established as

a fatigue measure, the depreciation in it due to other mental or muscular
work must be proved to be highly correlated with the depreciation in

the mental or muscular work itself, and, in order that this correlation

may be high and positive, fatigue must be general, not specific. Until

it is definitely demonstrated that fatigue is transferred from one task to

another, independently of the nature of either task, as well as indepen-
dently of the subjects who do the task, no one .test can be considered as

an adequate measure of the fatigue incurred with every kind of task.

It seems to be beyond question that mental and muscular work do

1 Osereztkowsky, A., and Kraepelin, E. Ueber die Beeinflussung der Muskelleis

tung durch verschiedene Arbeitsbedinguhgen. Psych. Arb. V. 3, 1901, p. 587.
2 Ellis and Shipe. A Study of the Accuracy of present Methods of testing

Fatigue. A. J. P. 1903. Vol. 14, p. 223.
3 Martin, G. The Evidence of Mental Fatigue during school hours. Jour. Ex.

Fed. V. i, 1911, p. 137-
4 Bettman, S. Ueber die Beeinflussung einfacher psychol. Vorgange durch

korporliche und geistige Arbeit. Psych. Arb. V. i, 1894, p. 152.
5 Trautscholdt, M. Experimentale Untersuchungen ueber die Association der

Vorstellungen. Philos. Stud. 1883, V. i, p. 235.
6 Arai, T. Mental Fatigue. Teachers' College, Columbia Univ. Contribs. to

Ed., No. 54. New York, 1912, p. 9.
7 Ellis and Shipe. A Study of the Accuracy of Present Methods of

testing

Fatigue. A. J. P., 1903, p. 223.
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influence the output of muscular work, as well as the aesthesiometric

index, and the length of reaction time
; but it is far from being estab-

lished that the loss of efficiency in the mental or muscular work is

proportional to the change in any of these three tests
; and, until this

is established, no work in our estimation can be considered unexception-
able which measures the fatigue incurred in performing one task by its

effects upon a different task.

B. Loss of Efficiency in performing a so-called Mental Test as a
Measure of Fatigue.

i. Work of the Kraepelin School.

The great majority of investigators have used
"
mental tests

"
of

various kinds in endeavouring to discover the presence of fatigue. The
experimental study of this subject by means of mental tests began with

Kraepelin and his students, who were particularly concerned with the

_ shape of the work-curve, and the interpretation of its changes.
In estimating the value of the results obtained by this school, one

must consider the assumption upon which much of its work is based.

Before the experiment begins, a control test is given, which determines
"
the general disposition of the day." If the result of the control test

is below the average, it is assumed that any other test given during the

day will be below the average to a corresponding extent ; and, conversely,
if the control test is above the average, any other test given during the

day will be above the average. In other words, it is assumed that the

causes, whatever they may be, which determine the relative degree of

excellence of a test, remain constant throughout the day, although they
may vary from day to day. There is no evidence whatever to support
this assumption. Another point worthy of note about this school is

that the work is done mainly on few subjects, but is very thorough.
Sometimes the experimenter himself is the chief or only subject as in

the work of Bettman, Weygandt, and Miesemer. The employment of

the experimenter as sole subject opens the way to the subtle influence of

suggestion, and it seems quite possible that some of the work at least is

biassed in this way. We can form some judgment upon the influence of

suggestion and interest from a comparison of the results gained by workers
of this school upon the influence of doses of alcohol on mental perform-
ance, and the results of Rivers' 1

experiments. The Kraepelin school has

experimented largely upon the influence of various drugs, and especially
of alcohol, upon mental work, but has omitted to give control doses and
to disguise the taste of the substance administered. Rivers, by
disguising the liquid which contained the alcohol so that it was indistin-

guishable from a control liquid which contained no alcohol, obtained
results which directlycontradicted those obtained in Kraepelin 's laboratory.

Rivers ascribes the results obtained by other investigators to the lack
of control doses and control days. When whisky was administered
without any disguise, there was a marked increase of work done, but
when the alcohol was disguised and control doses given, there was no
such increase.

Oehrn 2 in 1889 seems to have been the first investigator to make an

attempt to analyse and interpret the work-curve. , His tests included

1 Rivers, W. H. R. Influence of Alcohol and other Drugs on Fatigue. London.
1908.

2 Oehrn, A. Experimentelle Studien fur Individualpsychologie. Psych. Arb.
V. i, 1894, p. 92.
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counting and picking out letters, memory for nonsense syllables, addition,
and motor ability judged by reading and writing. The work was divided
into five-minute periods. His main conclusions were that the predomi-
nant factors wh ch influence the work-curve are practice and fatigue,
and t lat the'cuive of work at first rises and then gradually falls.

Bettmai.1 in 1895 followed with an investigation which sought to find

out whether there were qualitative differences in the performance of

mental \vo~k after prolonged nrntal end muscular work.

The fatigue-producing work consisted of two hours, 6 a.m. to 8 a.m.,
hard walking, or one hour, 7 a.m. to 8 a.m., addition. The tests of

fatigue were, in the first experiment, fifty choice reactions, fifty word
reactions, learning by heart, and addition ; and in the second experiment,
300 choice reactions

On the. first day the subject was tested after doing addition for one
hour. The second day was a control day on which no fatiguing work
was done, but the subjects were tested at' the usual time. On the third

day the tests were performed after two hours hard walking. This
series was repeated four times, or twelve days in all.

In the second' experiment, the fatiguing-producing work was the same
as lefore, but the test was 300 choice reactions. This was repeated
th:ee times, or nine days in all.

For the first experiment Bettman himself was the'sole subject, and for

the second only one other subject was used. This paucity of subjects
is the leait satisfactory part of the whole work. Bettman himself sees

the denser of suggestion, and to obviate it, the results were not calculated

until the whole experiment was over. This would do away with any
suggestive influence caused by a knowledge of the results, but would in

no wise counteract the suggestive influence of the subject's own con-

victions and opin'on,.

The results obtained were as follows : Both nvntal and muscular
work had a decided effect upon the length of reaction time. Mental
work lengthened the time considerably, but muscular work shortened it.

On the other hand', the number of false reactions was not affected to any
great extent by mental work, while the number was greatly increased by
muscular work.

In the memorising test Bettman found a decided adverse effect upon
the work days as compared with the rest days, but here the effects of

practice were so large as to make it very difficult to estimate the fatigue
effect. However, it can be said that the practice effect was much less

on those days when fatiguing work was dons than on the rest days.
Both adding end walk ng were found to have an adverse effect upon the

addition test.

Bettman concludes that

1. The mental work involved in one hours' addition as well as the

muscular work involved in two hours' walking causes a reduction

of efficiency.

2. The decrease of mental capacity after both mental and muscular

work is shovin in the lengthening of the times necessary for

memorising, ?nd for choice and word' reactions, in the weakening

1 Bettman, S. Ueber die Beeinflussung einfacher psychol. Vorgange dnrch

korporliche und geistige Arbeit. Psych Arb. V. I, 1894, p. 152.
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of memory, and in the reduction of the practice effect. The
decrease in efficiency is more pronounced after muscular than
after mental work.

3. After mental work, we can notice a decrease of motor ability*

but after bodily work, the motor centres are excited, and we
find a proneness for these motor centres to discharge before

their time.

In 1895 Amberg
1
investigated the effect upon mental work of rest

periods of different lengths. He found that the influence of the rest

period depended upon the duration of the mental work which preceded
it. A rest of five minutes after five minutes work was not so favourable

as after fifteen minutes work. This seems to show that the
"
warming-

up
"

effect due to five minutes work is greatly reduced by a rest of five

minutes, while the fatigue effect is not reduced to the sam? extent. The

warming-up due to fifteen minutes work is either largely retained or

else the fatigue due to the same cause is diminished.

Amberg also found that the effect of rest was also dependent upon the

kind of mental work done.

The number of subjects was very small, in some cases only one, there-

fore the results cannot be considered as general.

Rivers and Kraepelin
2 in 1896 investigated the effects of "warming-

up," spurts, fatigue, and practice, by inserting rests of varying lengths
between two periods of work. In one series of experiments, half an hour's

rest was given after half an hour's work, and, in the second, an hour's

rest was inserted between two half-hours of work. On some days there

were four work periods with their intervening rests, and, on alternate

days, only one work period. When the amount of work done in the

last half-hour of one period was compared with that done in the first

half-hour of the next period, it was found' that in the series with the

half-hour rests there was a greater gain than in the series with the longer

rest, showing that a rest of an hour causes a greater loss of
"
warming-up

"

effect than the rest of half an hour.

Also the rest of half an hour was approximately sufficient to abolish

the fatigue due to half an hour's addition, but was not sufficient to

abolish the effects of an hour's addition.

Weygandt
3 in 1897 studied the effects of changes of work upon a

subject already fatigued by mental work.

The subjects were the experimenter himself, and 'also to a certain

extent five students. The subject worked at one kind of work for half

an hour, then worked for the same length of time at another kind, and,

finally, for fifteen minutes at the original work. On some days the whole

seventy-five minutes was occupied by the same kind of work, while
on further days the second half was replaced by rest.

Weygandt concludes that changes of work are not always favourable,
and their effects are almost always small. The relative difficulty of the
work is the sole determinant of the result. Work interrupted by more

1Amberg, E. Ueber den Einfluss von Arbeitspausen auf die geistige Leistungs-
fahigkeit. Psych. Arb. V. i, 1895, p. 300.

* Rivers, W. H. R., and Kraepelin, E. -Ueber Ermiidung und Erholung. Psych-
Arb. Vol. i

( 1896, p. 627.
3
Weygandt, W. Ueber den Einfluss des Arbeitswechsels auf forlaufende

geistige Arbeit. Psych. Arb. Vol. 2, 1897, p. 118.
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difficult work shows a decline, and work interrupted by easier work
shows an increase.

In 1900 Lindley
1
published an account of his research on fatigue.

His investigation sought to determine the factors affecting the work-

curve, such as practice, fatigue, and
"
warming-up." The subjects were

three in number, including the experimenter ; and the work chosen,
addition. The work period was one hour each day, divided into two
half-hour periods.

On the first day, no rest was given between these two periods ;
on the

second day five minutes rest was given ; on the third fifteen minutes ;
on

the fourth thirty minutes; and on the fifth sixty minutes. This ser.es

was repeated five times, and then another day was added, on which no
rests were given. Between each series of five days, one day, on w lich

no work was done, was interposed. Thus there were twenty-six days
on which work was done.

Lindley concluded that rest causes a loss of
"
warming-up," fatigue,

and also practice. The most advantageous rest varies with the individual,
and lies between fifteen and sixty minutes. Practice-gain correlates

with fatiguability ; and inversely with persistency of practice effect.

Almost the whole of the practice effect disappears after a rest of twent}^-
four hours.

In 1902 Hylan and Kraepelin
2
gave the result of their investigation.

Their aim was to ascertain the effects of practice and fatigue, and, instead

of the thirty- and sixty-m'nute periods of Amberg and Lindley, used five-

minute periods. The task was to add one-place numbers. Four

work-periods were given each day ; the first and second, and third and
fourth being separated by rests varying from zero to twenty minutes,
while thirty minutes separated the second and third.

The subjects were three in number, including the experimenters.
It was found that the "amount of practice and fatigue incurred with

- such a short period as five minutes was quite appreciable, and that the

practice effect outlasted the effects of fatigue. Also, some rests had a
favourable influence on succeeding work, while the effect of others was
unfavourable. The most advantageous rest was five nr'nutes. Rests

a little longer than this were not so advantageous, but if the rests were
made much longer, i.e., twenty to thirty minutes, they again became
favourable.

Miesem?r'ts aim was to study the effect of mental and muscular work

upon various performances, e.g., apprehension, memory, and writing

figures.

Here again the experimenter was the only subject. The fatigue-

producing work consisted of walking or adding for one hour. The
tests of fatigue were Finzi's test for apprehension, the same test with an
interval of thirty seconds to test memory, and writing figures. The

iatigue-producing work was inserted between two series of tests.

'He finds that muscular and especially intellectual work injures

apprehension and memory, and that muscular work increases the pressure,

1
Lindley, E. H. Ueber Arbeit und Ruhe. Psych Arb. Vol. 3, 1900, p. 482.

2 Hylan and Kraepelin. Ueber die Wirking kurzer Arbeitszeiten. Psych. Arb.

Vol. 4, 1902, p. 454.
3 Miesemer. Ueber psychische Wirkungen korperlicher und geistiger Arbeit.

Psych. Arb. Vol. 4, 1902, p. 375.
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oxtrnt, duration, and speed of writing figures, while mental work has the

opposite effect. Bettman1 found that the muscular work had a more

injurious effect, but the amount of fatiguing work done in the two cases

is not the same.

The experimenter being the sole subject, there is the danger of sug-

gestion, and his figures also lend colour to the suspicion.

Miesemer has placed his results in three columns. The first column

gives the results of the test on the muscular-work days, the second gives
the results when no fatiguing work was done, and the third the results

when the fatigue-producing work was mental in character. The results

of the tests done before any fatiguing work are almost always the inverse

to what might be expected after the fatiguing work. This is noticeable

in the apprehension test, the memory test, and particularly so in the

pressure of writing. The details of the correct answers given in the

apprehension test before the mental or muscular work are as follow :
-

Muscular w Mental
work. work.

33 34 33

33 39 43

44 49 5i

45^ 44 47

44- 44 53

5i 50 57

Average... 417 43-3 47-3

It is remarkable that the scores on the mental-work days should be, in

every case except the first, the highest of the three. It should be remem-
bered here that this school assumes that these tests give the general

disposition of the day. But why should it so happen that on the mental-
work days the general disposition is at a higher level than on other days ?

Of course it is obvious that the greater the scores before the fatigue-

producing work, the less will be, by comparison, the scores after the

work, and vice versa.

Again, take the figures for memory :

Muscular '
,, e Mental

work. work.

24 IQ 21

33 27 21

26 25 30

39 3i 34
28 31 28

30 33 38

180 166 172

Here again we find a tendency for the scores on the rest days to
be. lower than on the work days.

1Bettman, S. Ueber die Beeinflussung einfacher psychol. Vorgange durch
korporliche und geistige Arbeit. Psych. Arb. Vol. i, 1894, P- I 52 -
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If we take the figures for pressure of writing, we find this characteristic
still more marked :

Muscular
-p Mental

work. work.

4,110 5,010

3,520 6,780

7,150 6,170

6,220 5,620

4,880 8,670

3,700 5,540

5,180 7,470

30,850 3

The author himself notices this last result. It is obvious that when
the mental-work scores have a general tendency, before any fatiguing
work is done, to be higher than the rest-day scores, even if the scores

after the fatiguing work were normal, there would be a general loss

between the first testing and the second, and consequently an apparent
general fatigue effect.

Heuman1 also has, in 1904, mide a study of the effects of pauses and

work-periods of varying lengths. The work-periods used were, in length,
one m'nute, five minutes, ten minutes, fifteen minutes, thirty minutes,
and sixty m'nutes respectively. After each work-period rests were

given, continuing for one m'nute, five minutes, or ten minutes, on different

days. Following the rest a further work-period of five minutes was

given. The task was addition of one-place numbers. The subjects
were six in number, including; the experimenter.

The effect of a pause of one minute was not always favourable. After

sixty minutes work it was always most favourable, but after five, ten,

and t-iirty m'nutes work it was sometimes unfavourable. The effect of

fifteen m'nutes rest had a similar effect. It, too, was most favourable
after sixty minutes work. Fifteen minutes rest was almost always
advantageous, especially after sixty minutes work.

Heuman 's general conclusion concerning this part of his work was
that the favourable effect of -a pause is greater the longer it is, and the

longer the previous work.

2. Work done outside Kraepelin's Laboratory.

Outside,the Krcepelin laboratory, we find of late years an increasing:
interest in the subject of mental fatigue, and a corresponding increase

in the number of researches upon this question. Thorndike2
, in 1900,

undertook rn investigation to see which of the two theories of mental

fatigue, the mechanical theory or the
"
by-product

"
theory, agreed the

better with the facts ga'ned by experimentation. The mechanical

theory states that manual work cause^ a dim'nution of mental efficiency,

and that this diminution is in proportion to the amount of mental work.

1 Heuman. Ueber die Beziehungen zwischen Arbeitsdauer und Pausenwirkung
Psych. Arb. Vol. 4, 1904, p. 538.

2 Thorndike, E. L. Mental Fatigue, i. Psych. Rev. Vol. 7, 1900, p. 466.
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done. The "
by-product

"
theory is that mental fatigue is not a simple

but a complex pin n<>m< non. The mind in its acthitv Ins various by-

products, the accumulation of which, \\iVn Miitiritntly large, <

decrease in iihntal efficiency. Therefore, if the latter theory be true,

fatigue ought to appear suddenly. Thorndike's resuks showed that

the mental fatigue is not in any regular proportion to the work done, and

frequently there is no loss of efficiency after seven or eight hours of

mental work. Introspection did not discover any pure feeling of mental

fatigue. His results distinctly favour the
"
by-product

"
theory.

Unfortunately, Thorndike's procedure leaves many loopholes by
which errors can come in. He does not take into account the possibility
of a daily rhythm, or whether the subjects were morning or afternoon

workers. Neither was account taken of the practice effect except in the

first half of the work. Thorndike himself notes this defect. In any
work such as this it is imperative that either the plan of the experiment
should be so arranged as to obviate the practice-effect altogether, in

which case the subjects must be in an advanced state of practice, so that

its curve is linear or approximately linear, or else the subjects must
be at the limit of practice, in which case there will be no practice-effect
for whici to allow.

Thorndike-'s1 next research was made on school children. 'Its aim
was to determ'ne the influence of school work upon mental efficiency.
He gives a list of som? of the dangers to be guarded against, viz., the

measurem nt of the willingness and not the ability to work, the effects

of practice, emotional effects, end the influence of the experimenter's
instructions. He then gives his methods of eliminating these effects.

The in tructions to the children were not given by the regular teachers,
but by himself and an assistant, neither of whom the children knew.
Also the instructions were given in a set form of words, and the same
test was never given to the same child twice. The children were divided
into sets, approximately equal in numbers and ability. The latter was

judged by their performance in a preliminary test. One set would do
a test early, and the other set would do the same test late in the school

day. Thus any practice effect was therefore avoided. The tests included

multiplication, correcting errors in spelling, writing figures, and counting
letters exposed on a chart for a few seconds. When the tests done early
in the day were compared with those done late, and no deterioration was
observed, Thorndike concludes that the mental ability of school children

does not diminish as the day goes on.

The whob investigation is too gross to measure adequately anything
so delicate as mental fatigue. One could hardly expect any other result

than the one obtained. The problem of fatigue calls for the greatest
refinement of methods, and the elimination of every source of error

possible. It would be a remarkable coincidence if the two sets of children

were equal in any one of the tests, and even if such" a division were possible
it would be no criterion that the two groups would be equal with respect
to any other of the tests.

Again, the substituting of a stranger for the usual teacher of the class

will not guarantee that the subject's willingness to work will be at a
maximum. The emotional effect of a stranger giving the instructions
will vary every time that person visits the class, and, indeed, it is a very

1
Thorndike, E. L. Mental Fatigue. 2. Psych. Rev. Voi. 7, 1900, p. 547.
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debatable point whether the emotional effect caused by the advent of

a stranger would not affect the work done in a very arbitrary manner.
Wimms1

says in the conclusion of his article, speaking of the earnestness

of his pupils :

" With their own teachers such children form ideal subjects,
and enter into the spirit of the experiment with a zest that is surprising.
But it is exceedingly doubtful whether any stranger visiting a school

purely for experimental purposes can achieve results with the regularity
and utility of those given in this paper. Even the old school children

are exceedingly sensitive to variations of the normal routine, and even

the slightest change has been found by the author to produce striking

and otherwise unaccountable abnormalities."

The second series of experiments dealt with the fatigue of a particular
function specific fatigue. The tests used were cancellation, estimating
the areas of small parallelograms, memorising numbers, and correcting
examination papers.

Xhe results showed no depreciation in the work at the end of the tests,

which lasted from three to eight hours. Evidently the effects of practice

outweighed the effects of fatigue.

The same author 2 has in 1912 also investigated the work-curve. He

severely criticises the Kraepelin school regarding the shape of the wrork-

curve, and the interpretation of its changes. He concludes that
"
two

hours or less of continuous exercise of a function at maximum efficiency,

so far as the worker can make it so, produce a temporary negative effect,

curable by rest, of not over 10 per cent. Fluctuations of considerable

amount occur in any one work-period for any one subject, but except
for a rise in efficiency of approximately 4 per cent, near the end, when
the date of the end is known, no regularity in them has been proved for

any one subject in any one sort of work, much less for any one subject
in all sorts of work or for all subjects in any one sort of work." (p. 187).

We shall have to return to this article later, when we are discussing
the results of our own research.

In 1914 Thorndike3

published a further article dealing with this subject-
The work here consisted in writing lines to complete couplets whose first

lines were given, taken from Pope and Byron. There were 108 lines

divided into nine sets of twelve lines each, and the subjects were divided

into nine groups. Eight sets were done without rest in the afternoon

or evening of a given day, and the ninth set after rest in the morning or

afternoon of the following day. Each group commenced with a different

set, so that the whole nine sets were done by different groups on the rest

day. The work of each group was judged as to its quality by at least

four different judges and the results averaged.
Thorndike draws the conclusion that the speed improves, while the

quality of the work remains about the same.

No allowance was made for the effects of practice, and, as we see, it

completely masks the fatigue effect, if indeed there was any such effect.

In 1903 Ellis and Shipe
4
published the results of their investigation

into the accuracy of the different methods used for testing fatigue. The

1 Wimms, J. H. The Relative Effects of Fatigue and Practice produced by
Different Kinds of Mental Work. Brit. Jour. Psych. Vol. 2, 1907, p. 153.

2 Thorndike, E. L. The Curve of Work. Psych. Rev. 1912, p. 165.
3
Thorndike, E. L. Fatigue in a Complex Function. Psych. Rev. 1914, p. 402.

4 Ellis and Shipe. A Study of the Accuracy of Present Methods of Testing
.Fatigue. A. J. P. 1903, Vol. 14, p. 223.
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particular tests used were reaction time, ergograph, addition, cubing
numbers, memory for nonsense syllables, and the Ebbinghaus com-
bination test. The subjects were, in the first investigation, a college

professor and five advanced students, and in the second, ten school

children.

In the first investigation, the tests used were the ergograph and reaction-

time, and the subjects were tested at 8-30 a.m. and then about 12-30

p.m., after hard mental work. The results showed no agreement between
the two tests. In the second investigation, reaction time, addition,

cubing, and nonsense syllables were the tests used. The subjects were
tested at 8-30 a.m., .I2-3O p.m., and 5-30 p.m. each day for four days,

during which they were engaged upon hard mental work. Again the
results showed no agreement. From this the writers conclude that the

methods used were unreliable. But this is not the only inference that

can be drawn. . .

Granting that their results are perfectly reliable, which is not likely

to be the case, as no account has been taken of the practice effect, nor
was any allowance made for fluctuations due to time of day, it does not

necessarily follow that the methods used are unreliable. The different

results may each measure the fatigue in one particular function. The
writers assume all through their article that fatigue is perfectly genera}
and is therefore transferred from one activity to every other activity
in an equal degree. But it has not been proved so. Certainly it has-

been generally assumed to be so, and it has been expressly stated by
Kraepelin that fatigue is general. Is it not possible for mental fatigue
to be strictly specific ? If so, one would not expect the results to agree.
Each activity would be affected in proportion to the amount of exercise

it had had during the mental work which had induced the fatigue.

Or, again, it may still more probably be the case that fatigue is both

general and specific, and, in this case, the results would not necessarily

agree.

Squire
1 has suggested a new method of measuring fatigue. The test

suggested is that of tapping a pattern. A series of numbers is committed
to memory, and then afterwards tapped with the finger, which is connected
to a ta.mbour and smoked drum. The errors can afterwards be counted.

The finger tapping the pattern was so arranged that the muscles used in

tapping would be those used with the ergograph. The amount of mus-
cular fatigue was afterwards estimated by the tracing taken before and
after the tapping test, and found to be negligible.

The subjects were three in number, and the pattern was occasionally
altered to avoid the tapping becoming automatic. The subject who
worked longest worked for one and a half hours.

No decrease in the ergograms after mental work was noticed, nor was
the rate of tapping decreased, but there was a considerable increase in

the number of errors. The writer recognises both general and specific

fatigue, and, in discussing the work of Thorndike, says that the latter

errs in failing to recognise specific fatigue. Squire does not give us the
actual figures upon which the conclusions are based, so that much of
their value for others is lost. Neither is there given the method of

determining the number of errors. The test itself seems to be a useful

1
Squire, C. R. Fatigue ; Suggestions for a new Method of Investigation.

Psych. ReV. 1903, p. 248.
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one for dttcrm'ning the specific fatigue induced by working with it for;

a considerable time. Yoakum1 has made use of it in his research.

Pillsbur\
2 has investigated the use of the attention waves as a method

of measuring fatigue. The method used was that of fixating a spot

upon a just perceptible grey ring on a swiftly rotating disc. The times

during which the ring was (a) visible and (b) invisible were taken. With
live subjects the waves showed regular variations for different periods
of the day. Towards evening, the ratio of the tim: during which the

ring was visible, to that time during which it was invisible, became
smaller.

Only one subject out of six had totally irregular fluctuations. It was
also noticeable that on certain days, when little mental work was done,
the ratio of the time visible to the time invisible was much greater than
on those days when some hours of arduous mental work were done.

In 1904 Seashore3
published an article in which he discusses some

errors which have crept into psychological thought regarding fatigue,
and then proceeds to point the lines along which progress can be made.

The first error he mentions is that of regarding fatigue as a concrete

homogeneous quantity of something which may be measured in terms
of fluctuations of efficiency of some particular work. He emphasises
the multiplicity of factors which contribute to the fatigue effect. Few
psychologists would venture to define fatigue, at this time, in any other

than in an objective wa}^, yet Seashore holds that this error has crept
into most investigations up to date. Secondly, he deplores as an error

the idea that fatigue is general, -and blames Kraepelin for its prevalence.

Kraepelin says :

"
Fatigue through mental work, is, as far as we know,

a general fatigue. As especially Weygandt's study on the effect of

change in nuntal work has shown, the fatigue through a particular

activity ako reduces the capacity. Cnly the difficulty end not the kind

of mental work is significant for the general extent of fatigue/'
4

Seashore holds that the mere fact that change of work is not always
beneficial does not prove that fatigue is general. It must first be proved
that the changed work has nothing in common with the work substituted

for it. Moreover, the work done by the Kraepelin
1 school has been made

on so small a number of subjects that one must hesitate before accepting
their results as general. The whole question of general and specific

fatigue, or the existence of both, is far from being settled.. The third

error is widespread, and has vitiated a great deal of the work already
done in this field. It is the hope of retaining results of wide practical
value by gross measurements without a preliminary critique of method.
More time and energy have been wasted under the delusion of this error

than, perhaps, on any other question in psychology.

Seashore then gives a list of the lines along which we can expect to

make progress :

i. Development of the methods of measuring fatigue.

1 Yoakum, C. S. An Experimental Study of Fatigue. Psych. Rev. Mon. Supp
Vol. n, 1909.

2
Pillsbury, W. B. The Attention Waves as a Means of measuring Fatigue.

A. J. P. Vol. 14, 1903, p. 277.
3
Seashore, C. E. The Experimental Study of Mental Fatigue. Psych. Bull.

1904, p. 97.
*
Kraepelin, E. Die Arbeitscurve. Phil. Stud. 1902, p. 479 (quoted by

Seashore).
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2. Analysis of tin* work-curve under conir"ll:iH<- c -uiidiiions.

3. Detailed exaiuinatioii of such factors as are necessarily int. r-

related with fatigue.

4. Detailed examination of qualitative, intensive, extensive, and

temporal attributes of mental work.

5. Correlation of the psychological with the underlying factors, e.g.,

such as the physical, chemical, histological, and electrical

phenomena.
6. Analysis of individual fatigue resistance.

In 1906 Wright
1
published the results of his work upon the effect of

incentives upon work and fatigue. For testing fatigue and the output
of work, CattelTs Spring Ergograph was used. His conclusions were

that (i) the subject accomplishes more work when working under the

mental stimulus of having a set task to be performed; (2) a known

impossibility to accomplish the required conditions tends to decrease

the subject's total results ; and (3) incentives lessen the fecl'ng of fatigue.

In 1907 Wimms2
gave an account of the relations discernible between

output of work, improvability, retentivity of practice, and fatiguability.
The work was carried out upon twelve boys, 14 to 16 years of age.
Rewards were given for consistency. Wimms finds no constant relation

between improvab:lity and retentivity of practice, although there was
found a slight tendency towards an inverse relationship between improv-
ability and fatiguability. A very considerable inverse relationship was

apparent throughout between retentivity of practice and fatiguability^

In 1909 Yoakum3
published his monograph on fatigue. In his investi-

gation he used the pattern-tapping test as proposed and described by
Squire, with a slight modification. Instead of tapping with the finger,

a lip-key was used. The subjects were nine adults four men and five

women and the tests were of varying lengths, the longest being

twenty-seven minutes.

He concludes that
"
the work of this paper suggests that the rhythm,

of certain highly automatic processes modifies materially the character

of a short and circumscribed experiment/'

In 1911, Winch4
published the results of his inquiry concerning mental

fatigue in school children. The subjects consisted of a class of 54 boys,
one of 54 infants, one of 52 girls, and finally, a senior class of 48 boys,
the highest class in an elementary school. The procedure followed

closely resembled that of Thorndike. Each class was divided into two-

groups, whose average ability was equal. The test of fatigue was a
number of

"
problems

"
in arithmetic. On the results of five of these

tests on five different days was based the division of each class into two
groups, so that each pair should be approximately equal in ability.

Then, on five different days, one group was given a number of these

problems to solve in the morning, while the other group had exactly the

1
Wright, W. R. Some Effects of Incentives on Work and Fatigue. Psych. Rev.

1906, p. 23.
2 Wimms, J. H. The Relative Effects of Fatigue and Practice produced by

Different Kinds of Mental Work. Brit. Jour. Psych. Vol. 2, 1907, p. 153.
3 Yoakum, C. S. An Experimental Study of Fatigue. Psych. Rev. Mon. Supp.

Vol. n, 1909.
4 Winch, W. H. Mental Fatigue in Day School Children. Brit. Jour. Psycli.

Vol. 4, 1911, p. 315.
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same work to do late in the afternoon. The results showed that in the
class of boys, the morning group had a superiority of about 7 per cent,

over the afternoon group. Tested in the same way, the class in the
Infant School showed a difference of 12 per cent, in favour of the morning
workers. The results from the class of girls was similar. Finally the

senior boys were tested. Here the difference between morning and
afternoon workers was not nearly so large, only 3 per cent.

Winch concludes that
"
mental work involving reasoning of this kind

appears to be less and less affected by the fatigue of the school day as

the children rise in age and capacity. For the older and more proficient

children, the fatigue effects are very small indeed."

The whole experiment depended upon the subjects' willingness to

work, and it may be questioned whether, in the tests done, especially
with the younger children, the willingness to work was always constant.
Do the tests indicate the differences between the ability to work in the

morning and the ability to work late in the afternoon; or do they
merely show the differences in the willingness to work during the two
tests ? Again, it may be that the afternoon hours are not so favourable
for mental work as the morning ones, even if no school work is done.
It seems possible that the depreciation in the quality of the work may
be due to the accumulated boredom, and not to mental fatigue at all,

as no incentives were offered to encourage the children to do their best

under all subjective conditions. It is only to be expected that the

younger the child, the more prone he will be to give way to the sensations
of boredom.

An attempt was made in 1911, by Norris, Twiss, and Washburn,1 to

estimate the effects of fatigue upon the affective value of colours. A
series of ninety coloured squares was presented to thirty-five subjects,
who, after looking at each colour in turn for ten seconds, gave their

judgments upon its affective value. The presentation of the series took

three-quarters of an hour to an hour, and then the first six colours were

presented again, and the fatigue effect was gauged by the difference in

the affective values of these six colours, which had been presented twice.

The values were given numsrically, seven being very pleasant, and one

very unpleasant. With seven subjects the affective values rose, with
three they rema :ned constant, and with the remaining twenty-three the

values decreased. This loss in affective value was found to be much
less marked in the case of saturated colours than in that of shades and
t.'nts.

One of the most painstaking researches done outside the Kraepelin

laboratory has been that of Aral2
, published in 1912. This writer has

studied the influence of fatigue on certain physiological processes, on
the feeling of fatigue, and upon intellectual efficiency.

The first part of the research deals with the fatigue incurred in the

continued exercise of a special mental function, and the amount of this

fatigue which is transferred to other functions. The mental function

tested was that used in multiplying mentally pairs of four-figure numbers.
The only subject was the writer herself, who had daily practice in this

work until the practice effect was very slight. To increase the difficulty

Morris, Twiss, and Washburn. An Effect of Fatigue on Judgments of the
Affective Value of Colours. A. J. P. Vol. 22, 1911, p. 112.

2 Arai, T. Mental Fatigue. Teachers' College, Columbia Univ., Contribs. to

Ed. No. 54. New York. 1912.
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of the work the figures to be multiplied were first memorised, and then

the actual multiplication carried on with closed eyes. The time for the

multiplication of each pair of numbers was taken, and also the number
of errors calculated. ..The work was carried out on four successive days,
and lasted from n a.m. to n p.m. The writer does not say how the

errors were calculated. It seems as if it must necessarily be the number
of incorrect digits in the answer. This is not altogether satisfactory, as

one mistake in working might make two figures in the answer incorrect,

and two errors in working might result in only one incorrect figure in the

answer. In dealing with these errors, the writer followed Thorndike,

and^added ten seconds to the total time for each wrong digit. This is

to be regretted, as the errors are not evenly distributed throughout the

records. One would like to know by what method of calculation either

Thorndike or the writer concluded that a certain number of seconds

added to the time of multiplying two numbers was equivalent to an
error in that multiplication. In any test such as this there are two

things to be considered 'Speed and accuracy; and neither has been

proved to be a function of the other. Decrease in the amount of work
done in _a given time or increase in the time for doing a given work
means decrease of speed; and increase in the number of errors m3in3
decrease of accuracy, and neither is reducible to the other.

The curve of work shows a continuous increise of fatigue, and there

is no warming-up effect noticeable. The number of mistakes increases

with the length of the work, but accuracy does not seem to decrease in

proportion to the length of tirm worked (p. 9).

To investigate the amount of fatigue transferred from one kind of

mental activity to another the time was taken to memorise German
words, after some hours of mental multiplication, and the table following

gives the results for the writer herself (p. 106) :

TABLE XXVIII.

Date.
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and 6th March, on which twelve hours multiplication were done, actually
show a negative fatigue coefficient

;
nor were the times before multi-

plication on these days any higher than usual.

With such large variations as are shown in this table there Ccin be no
certain deductions drawn concerning the transferability of fatigue from
one mental process to another.

On pages 107 and 108 further tables are given of a similar research

carried out upon eleven subjects. The tests used were memory for

nonsense syllables,
"
opposites

"
tests, and addition. These tests were

given before and after two hours of mental multiplication. Two of the

tables, viz., those for addition and opposites, show a negative average-

fatigue coefficient, while in the memorising nonsense syllables six subjects
showed a decrease after the multiplication, three showed an increase,

and two did not alter. No allowance was made for any practice effect

in these tables, nor for the influence of the time of day. Arai has not
calculated the probable error of the average coefficient of fatigue. The
formula for this probable error is -67450-. The values of these probable

A/n
errors are shown below for the two tables, which give a positive fatigue
coefficient :

Test. Fatigue Confident. Probable Error.

Memorising German -words ... 21-4 7-12

Memorising nonsense syllables ... n-?
1

4-1

It will be seen that the former of these coefficients is just three times
the size of its probable error, and the latter is less than three times its

probable error. Therefore neither result supplies indubitable evidence
of the transference of fatigue from one mental function to another.

The purpose of the second experiment was to investigate the influence

of general mental work upon special mental ?nd physiological functions.

The writer herself was the sole subject, end the investigation continued-
for seventy-eight days. The subject was tested morning end evening
in m-moris'ng the German equivalents of English words, and in mental

multiplication. The morning test v/as taken at 10 a.m. before any
mental work was done, while the evening test was done after the day's
work. On page no is given a table showing the fatigue coefficients in

the "case of memorising German words, according to the hours of mental
work done on the different days. The table shows a gradual rise in

this coefficient, whr.ch amounts'to 49 8 per cent, after 9-10 hours of

work.

On the next page is given a similar table for the mental multiplication.
In this case the increase of fatigue is not parallel to the increase in the
number of hours worked. The rise in the fatigue coefficient does not

become definitely marked until 7-10 hours of mental work are done.

The results obtained here, even if unexceptionable, do not prove that

fatigue may be transferred from one mental function to another having
nothing in common with it. Arai has given us no information concerning
the work done between the morning test and the evening test. We can
draw no conclusions as to whether it might or might not have anything

1 Aral gives 13-5 for this average, but it would seem to be 11-7 calculated from
the figures given on p. 107.
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in common with the two tests. If there were common factors, the

ii-ansierred fatigue would be a case of specific fatigue due to the common
factor in both.

Aral has also studied the relations of fatigue in different mental

functions having the same caus by m-ans of the correlation between

i he fatigue coefficients. She finds a correlation of 19, in the case of

herself between the fatigue incurred in multiplication and the fatigue

transferred from it to the function of memorising. With ten subjects

the correlation coefficient is -21. She finds no correlation between the

fatigue incurred by multiplication and the fatigue transferred from it

to the
"
oppositcs

"
test, and that between multiplication and adeling

to be -088.

Concerning the fatigue transferred to two functions, from the same

fatiguing work, she finds a correlation of -13 between the decrease in

ability to memorise and that in ability to multiply mentally. In the

i;roup of ten subjects she finds a correlation of -77 between the fatigue

in the
"
opposites

"
test and the fatigue in addition due to the same

fatiguing work. However, the probible errors of these correlation

coefficients are not given. We calculate them to be a > follows :

Fatigue Transferred.
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It is worthy of notice that in the case of the subject, T.A., who had
had a large amount of practice, the correlation between the fatigue
coefficients in the cases of memorising and multiplying, due to many
hours of mental work, was only -13, with a probable error of -095, a
result without significance.

Regarding the question of transference of fatigue, Arai concludes on
page 115 :

fi On the whole, then, we are led to conclude that fatigue in a

special mental function as well as in a general is slightly transferable to
other functions, and that the greater the fatigue, the greater the trans-
ferred fatigue/'

We have seen that the evidence upon which this conclusion is based
is statistically quite unsound. In our opinion, no such conclusion can
be drawn.

In 1914 Hollingworth
1
published the results of his investigation ini

the variations of efficiency during a day's mental work. The experiment
is marked by great care and thoroughness. The subjects were fifteen

adults, who worked for seventeen days. The results of the first seven

days were discarded to allow of the practice curve becoming approxi-
mately linear before the experiment proper was commenced. The
tests used were tapping, muscular co-ordination, colour naming, opposites,
addition, steadiness, and reaction time. The subjects were under the

eyes of the experimenter the whole time, and were paid for their work.

They were further stimulated to do their best by the award of prizes.
The testing, which occupied approximately forty-five minutes, was
carried out at 7-45 a.m., 10 a.m., 12-15 p.m., 3-10 p.m., and 5-30 p.m.

Addition and opposites show a gradual decrease in efficiency throughout
the day; but tapping and muscular co-ordination increase rather than
decrease. The latter usually increased until midday, and then slightly
decreased as the afternoon wore on.

The second part of the investigation consisted of twelve hours continuous

testing for ten subjects on two separate days. In this twelve hours each
of the six tests was done fifteen times. As before, the more strictly
mental tests, addition, opposites, and colour naming, all show gradually

decreasing efficiency as the day wore on. On the other hand, tapping,
steadiness, and co-ordination increased in efficiency, taking the first

performance as the normal.

The third part of the investigation consisted of -ten hours typewriting
for two days, by a subject already proficient in typewriting. Ten
trials of thirty nv'nutes each were interpolated in the ten hours work.

On both days the time for writing four pages of approximately equivalent
material decreases to a po'nt of miximum speed between 3 p.m. and

4 p.m. After this the speed is reduced, until at 9 p.m. the speed is

nearly the same as that at the beginning of the day's work. This

increase in speed is not gained at the expense of accuracy, for the hours

of faster speed are also the hours in which fewest nr.stakes were made.

In 1914 was published a research by Martin2
concerning mental fatigue

in school children incurred during school hours. The subjects, seven in

1
Hollingworth, H. L. Variations in Efficiency during the Working Day

Psych. Rev. 1914, p. 473.
2 Martin, G. W. Evidence of Mental Fatigue during School Hours. J. of Ex.

Ped. Vol. i, pp. 39 and 137, and Vol. 3, p. 61.
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number, were tested at 10 a.m., 12 noon, and 4 p.m., with a dynamometer
and ergograph, as well as in multiplication, and a test similar to

McDougall's spot pattern test.

The conclusion drawn was that, although some of the tests showed a
decrease at 4 p.m., none were significant.

In a later article (J. of Ex. Fed. Vol. 3) this conclusion has been
amended. In calculating the probable errors of the differences between
the means of the work done during the daily testings, the writer used in

error the formula P.E. = -67449 \/CT
i

2 + a
2
2 instead of the formula

P.E. = -67449 2r

When corrected for this error, the results are as below. The probable
errors are given in brackets. The negative signs signify a fall in efficiency,

while the positive signs signify a rise.
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by a large number of readings on days succeeding the normal rest. The

experiment proper was not begun until the influence of practice had

disappeared.

The immediate result of loss of sleep is an increase of efficiency, which
then falls below normal when the usual number of hours rest is taken.
A further curtailment of the normal amount of rest immediately causes

a rise in efficiency, up to or above the normal, which again falls when
the regular amount of sleep is taken.

A striking result obtained in this experiment is the long time that

elapses before the 'efficiency, impaired by the loss of sleep, again becomes,

normal. If, after reducing the hours of sleep by more than 50 per cent,

for three successive nights, the usual hours of rest are taken until the

efficiency again reaches the normal, we find that this point is not reached
until about the sixteenth day from the beginning of the experiment.

The writer concludes that :

1. Fatigue as estimated objectively involves two distinct phases:
(a) A phase when fatigue acts apparently as a stimulant,

and increases efficiency.

(b) A phase of longer duration when the body is attempting
to make good its losses.

2. The time taken to return to a normal condition after the^loss of

a few hours sleep is disproportionally great ; and this return

is gradual but irregular.
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OUR OWN EXPERIMENTS.

Part I. Alternated Work.
1. Conditions of Experiment.

(a) The Tests.

(b) The Subjects.

(c) Incentives to work.

(d) General Conditions.

(e) Preliminary Practice.

2. Plan and Description of Experiment.

(a) Section i. Multiplicaticn.

(b) Section 2. Cancellation.

(c) Section 3. Multiplication and Cancellation alternated.

3. Results.

(a) Section i. Multiplication.

(b) Section 2. Cancellation.

(c) Section 3. Multiplication and Cancellation alternated.

1. Conditions of Experiment.

The first part of this investigation was carried out in the Psychological

Laboratory of University College during the academic year 1915-1916.
We have divided this part into

'

three sections. Section i continued

for forty-eight days, with a further supplementary period of fourteen

days. The days were consecutive, excepting Sundays and one other

day, on \vhich the subjects were unable to come to the. laboratory.
Section 2 lasted for thirty-four consecutive days, excepting Sundays,
and Section 3 for thirty consecutive days, excepting Sundays and one
other day, on which the subjects were unable to attend the laboratory.
The work was commenced between 5 p.m. and 5.15 p.m. each day.

(a) The Tests.

In Section i the test used was the multiplication of one-place numbers"

by a one-place number. The whole arrangement of figures was the
same for each day, so as to obviate any errors due to unequal difficulty
of task on different days. To prevent, if possible, any memorisation
of the figures in the product, the arrangement Of the work given in the
initial 15 seconds' practice was varied each day. In marking, one mark
was given for each correct figure. The number of errors was note'd. Only
the unit's figure of the answer was required to be written down.

In Section 2 the test was cancellation. The sheet containing the matter
to be cancelled consisted of thirty lines of fifty capital letters. In each
line the letters to be cancelled T, A, X, O were repeated six times.
The same work was done each day, with 15 seconds' practice, as in the

previous section. In marking, one mark was given for each letter

correctly cancelled, and one mark deducted for each letter wrongly
cancelled.

In Section 3 the same two tests were used, given alternately. That is

to say, a period of multiplication was first given, and then followed a

period of cancellation and so on. Fifteen seconds' practice at multi-

plication was given each day, as in Section i. Both the multiplication
and the cancellation were the same every day. Marking was the same
r.s in the two previous section i. -
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In each section the subjects did not look at their work until the signal
to commence was given, and were instructed to work as fast as was
consistent with correct working.

(b) The Subjects.

The subjects were three boys from a public elementary school in one
of the poorer districts of London, and one from a higher elementary
school in the same district. Their ages ranged from 12 to 14 J years.
All four subjects Jiad previously done a large amount of work in the
laboratory, extending over three months, similar to the work they were
now asked to do.

(c) Incentives to work.

In order to eliminate, if possible, the otherwise variable factor of the

subjects' "willingness to work," and to ensure a mix mum output of

work, a system of monetary rewards was devised. Each boy was engaged
by the week, and was paid a wage higher than was usually received by
boys of this class when leaving school. It \vas agreed that this wage
could be withheld, wholly or partially, if, in the expc-rim3nter's estimation,

any subject did not at any time do his utmost.
As the preliminary practice work lasted three weeks, the experimenter

had a very good idea of ee-ch subject's capability in each of the tests.

The aim before the boys was to beat their previous best performance.
Each tim? a subject succeeded in breaking his record he received one
mark, and each time he faikd to do so one mark was deducted from his

score. Monetary rewards were distributed at the end of each week
according to the marks so obtained. So far as*we could judge, this device
seemed most successful, and the work was done with great eagerness,
and even enthusiasm.

(d] General Conditions.

The whole of the work was done in the presence of the experimenter
and of no one else. The same room was always used, and the subjects

occupied the same places in the room every day. The same instructions

were given every day, and were given in a set form of words. During
the periods of rest the subjects occupied themselves in reading stories,

looking at pictures, or talking to the experimenter. In the preliminary
practice work the cancellation scores were found to vary markedly,
according to the sharpness or bluntness of the pencil-point. To guard
against this, the lead of the pencils was never sharpened to a point.
When the pencils required sharpening, the wood alone was cut .away.
The same pencil was used by each subject every day.

(e) Preliminary Practice.

Although the subjects had all done a large amount of work in this labora-

tory similar to the work they were now required to do, it was considered

necessary to have a practice period before the experiment proper began, so

that the curve of practice would' be horizontal or almost horizontal. For
this purpose practice periods of three weeks were taken at the beginning
of Sections i and 2, and a practice period of one week before Section 3.

In each of these weeks of practice 20 minutes' work was done

daily for six days at maximum effort. This amount of practice was
sufficient to ensure that the curve of practice was approximately linear,

to enable us to determine its course, and to eliminate its effects. A good
deal of practice was also given in starting and stopping work promptly.
The practice curves of the work done before Sections I and 2 are given

in Figs, i and 2. It will be seen that .the practice curves rise abruptly
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.at first, but the daily rate of increase gradually declines, until, towards
the end of the practice period, and, therefore, when the experiment

proper was commenced, the curves had almost assumed a horizontal

position.

2. Plan and Description of the Experiment.

(a) Section i. Multiplication.

The work in this section was divided into four parts (see Table i)-

Each part occupied six days. In the first part the work-period was
i minute, in the second part 2 rmnutes, and in the third and fourth 3 and

4 minutes respectively. Between each work-period, rests, varying from
zero on the first day to 4 minutes on the sixth, were interpolated between
each work-period. The total amount of work done each day was always
12 minutes i.e., twelve i-minute, six 2-minute, four 3-minute, or three

4-minute work-periods. Thus, when rests were given, there were eleven,

rests in the first part, five rests in the second, three in the third, and two
in the fourth. The total amount of rest given on any one day varied

from zero to 44 minutes i.e., eleven rests of 4 m'nutes each. At the

beginning of each work-period the subjects commenced a new line. The
whole series was completed in twenty-four days. It was then repeateel
in reverse order to cancel any practice effort.

Later on it was found desirable to have still longer rests, and a further

experiment, lasting fourteen days, was carried out, extending the lengths
of the rests to 16 minutes for the part consisting of i-minute work-periods,
and to 32 minutes for the part consisting of 4-minute work-periods.

. In a similar way the rests with the work-periods of 2 minutes were extended
to 8 minutes.

The plan of this supplementary work is given in Table 2.

TABLE i. Plan of Section i. Multiplication. Total time of work
constant = 12 minutes.

Day.
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TABLE 2. Plan of supplementary experiment for longer rests.

Date.
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TABLE }. Section i. Results. Sores in multiplication. Gross score

minus the net score gives the daily number of errors.

Length of

Work-
period.
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it is possible to remove this discrepancy in the initial scores. If we
call

"
a
"

the amount of work that would be done, if no time was lost
in changing from line to line, and "

(3

"
the loss in efficiency caused by

ach interruption, we get the following equations, where the right-hand
side of the equation gives the net scores :

a up = 8,011 when the work period is i minute,
a 5 P = 8,183 2 minutes.
a - 3 P = 8,268 3
a 2 p - 8,291 4 t)

Taking these four equations in pairs, and solving, we get the following
values for p, the loss in efficiency due to one interruption of work : 29,
32, 31, 42, 26, 23, which give an average of 32. For a the corresponding
values are 8,326, 8,364, 8,353, 8,395, 8,363, and 8,337, giving an average
for the four subjects of 8,356, or an average for each subject of 2,089,
which is the initial point of each curve. Now, taking the average loss

of efficiency for each interruption of work as 32, and the average score,
if there were not interruptions, as 8,356, we can compare the measured
and calculated values of the apparent (i.e., with the interruption effect

not eliminated) initial point of each curve. Th? figures are given in Table 5.

TABLE 5. Comparison of the Initial Points of Curves as given by
Measurement and by Calculation.

Length of Work-period.





Fig.
5. Individual Curves forrwo-m/nute Periods.
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but judging from the shape of the graph, and from the position of this

point on the other curves, it would probably occur with a rest of between
4 and 8 minutes. Thence the three curves, whose course we can still

trace, rise at varying angles, the ascent being steepest with i-minute

work-periods and most gradual with the longest work-period. In the

graph representing the work done with i-minute periods, an important
point occurs with a rest of 4 minutes. Here the curve reaches its maximum
height. Longer rests do not result in an increase of efficiency, and the

graph assumes a horizontal line, notwithstanding the fact that the rests

are lengthened to 16 minutes. For longer work-periods the amount of

rest was evidently insufficient to allow them to assume this constant

position. It is plainly evident that these four curves belong to the sa^ne

family. Although the maximum and minimum points do not all occur
with the same length of rest, yet the general similarity of shape is obvious
for all four lengths of work-periods.

Before coming to a conclusion concerning the shapes of these curves,
it will be well to examine the corresponding curves for each subject
separately, and compare them with the average curves as given in Fig. 3.
The individual curves are given in Figs. 4, 5, 6, and 7. The same numbers
correspond to the same subjects in all four graphs. There is a general

agreement between all these individual curves, and therefore with the

average curves, though individual variations seem to have most influence

when the work-period is 3 minutes. Out of the sixteen individual curves
twelve have a maximum point at or between 15 seconds and 30 seconds'

rest, while in three of the others this point occurs with a rest of between

15 seconds and I minute. Only one curve fails to show this maximum
point. The minimum point is also clearly present in all the curves,
while all show a tendency to rise if the rests are made long enough.
The horizontal period is visible in three out of the four graphs when the

work-period is I minute.

In these curves we find the shape constant for each of the four subjects
with each of the four lengths of work-periods. It seems safe then to

draw the general conclusion that, in doing such work as continuous

multiplication, there are general influences at work of such a nature as would

give a constant characteristic shape to the curves representing the amount

of work done with varying rests.

Upon a casual consideration of the effect of the length of rest upon
the efficiency of the worker, one might suppose that the longer the rest

up to a certain point, the more beneficial its result would be. But it

seems this is not always so. This statement would be true of certain

parts of our curves, but not of the curves taken as a whole. Take, for

example, the curve for 4-minute periods in Fig. 3. With rests of between
8 and 32 minutes, the beneficial effect varies as the length of rest ; but
the reverse of this is the case if we consider rests between 30 seconds
and 8 minutes in length. Here a rest of 30 seconds is much more bene-

ficial than one sixteen times as long. In fact, a rest of 8 minutes' duration

is, with these subjects, less beneficial than no rest at all. The reason
of this becomes evident when we consider the influences which cause

the curves to assume such a characteristic shape.

The Kraepelin school have found various influences at work in the

performance of a mental task, namely, practice, fatigue, warming-up,
or incitement, adaptation, and spurt. By our method of experimenta-
tion we have eliminated the effect of practice, and are left with two
factors or groups of factors which affect the work done in opposite ways.

* 62775 B
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First, we have the factor or group of factors included in the term
"
fatigue

"
that is, all those influences which have for their effect the

depreciation of the work done, either in quality or quantity, or both.
On the other hand, we have the group of influences which tend to increase

the quality or quantity of the mental output, and which, for the sake
of simplicity, we have included under the term

"
incitement." These

two opposing influences are' inseparable, and their combined effect is

positive or negative, according as the incitement or the fatigue pre-
dominates.

When the work is continuous and no rests are given, we may assume
that the whole of the positive and negative effects are conserved. When
a rest is given we get a double effect. Firstly, the accumulated fatigue
is dissipated, either wholly, if the rest is long enough, or only in part, if

it is short. Secondly, as the fatigue effect dies away, so does the incite-

ment effect, either in part, if the rest is short, or wholly, if it is long enough.
Therefore the ordinates of the curves are the result of these two opposite
effects. If the rests were made long enough, we should come to a point
at which the curve would be approximately a straight line parallel to

the horizontal axis, for then both effects would die completely away, and

lengthening the time of rest would have no further effect. This point
seems to have been attained in the curve for i-minute periods, but .not

in any of the others. Rests of 4, 8, and 16 minutes respectively have

approximately the same effect on the output of work. This is what

might be expected, since the total amount of rest, when the work-period
is i minute, is much greater than that of any other period. The total

amount of rest given for the different lengths of work-periods can be

expressed in the ratios n :^5 : 3 : 2.

The curves in Fig. 3 represent, then, the resultant of two sets of oppos-
ing factors, and the rates at which these factors vary will determine
the shape of the curve. If the fatigue effect disappears under the influence

of rest at a greater rate than the incitement effect, the resultant curve
will rise ; and, conversely, if the incitement effect is dissipated more rapidly
than the fatigue effect, the curve will fall. In our examination of the

rates at which fatigue and incitement are dissipated, we will take as

typical the curve for i-minute periods in Fig. 3, because this is the only
complete curve of the four. For rests less than 30 seconds in length the
curve rises. Evidently for rests of this length the amount of fatigue

dissipated exceeds the loss of incitement, or, to be more precise, the loss

of fatigue has a greater positire effect upon efficiency than the negative
effect of the loss of incitement. Therefore, at this part of the curve
the loss of fatigue proceeds at a greater rate than the loss of incitement.

With rests greater than 30 seconds, and not greater than 2 minutes,
the reverse is the case. The curve here falls, showing that the loss of

fatigue is less than the loss of incitement with rests of this duration.

With rests of more than 2 minutes and not more than 4 minutes, the

curve again rises rapidly, showing that the loss of fatigue must be here

much greater than the loss of incitement. For rests of 4 minutes and

longer, the curve becomes a straight line parallel to the horizontal axis.

At this stage the effects of both fatigue and incitement are at a minimum,
and the amount of work done is at a maximum. The rests are long
enough to dissipate both the fatigue and incitement effects due to one
minute of work. Either the subject's ability to perform the task is

here normal, i.e., not under the influence of the fatigue induced by the

preceding period of work at the beginning of each work-period, or else

from this point the loss of incitement exactly balances the loss of fatigue.
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timl continues to da so. If tin latUT were the true account, tin:

curves of incitement and fatigue, which mm'mie to form th curve we
.uv iliM'iis>ing. would each be the sam<- >h ipe as the retleetion of the

other in a mirror, which result we illustrate bjlow.

On the ground of improbability, this latter possibility may be ruled

out of account. If, then, with rests of 4 minutes or 'longer the fatigue
and incitement effects are at a minimum, both fatigue ^nd incitement

must be wholly abolished.
*

The amount of work done with i-minute

periods and 4-minute rests is then the normal maximum, uninfluenced

by either fatigue or incitement, except that generated within each separate

work-period. There is no transference to another period of the fatigue
and incitement of the preceding period. The difference between this

normal maximum amount of work and the amount of work done with any
length of rest will give us the real effect of combined loss of fatigue and
incitement due to rest. These differences are given in Table 6.

TABLE 6. Amount of fatigue and incitement with rests of different

lengths.

Work done

Length of Rest.

15* 30* i 2'

i,ooi 234 108 300 392

8'

32 28

As this maximum output of work is not determined for work-periods
other than that of i-minute, the corresponding curves for the other
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work-periods cannot be given. The curve corresponding to these results

is given in Fig. 8. It is the time curve of the loss of incitement and

fatigue due to rest, or the curve of recovery from fatigue.

We can obtain this curve by another method, which is not so reliable,

but will give evidence to corroborate the result already obtained, and,

further, will also give us the corresponding curves for the other work-

periods. If we consider the amount of work done in the first period
each day as the normal performance, and subtract from this score the

amount done in the last period, we shall find the depreciation in efficiency
for each length of rest. On the days when the work is continuous, the

difference between the work done in the first and last periods on each

day will give the absolute effect of fatigue and incitement, which we
assume to be completely conserved, due to 12 minutes work; and similarly
on the days when 15 seconds, rest is given after each work-period, the

difference between the scores of the first and last periods will give the

fatigue and incitement effect with rests of this length. If we call
" A "

the difference between the scores of the first and last periods on the

continuous work days, and " B "
the corresponding difference when

15-second rests are interpolated, then (A B) is the amount of fatigue and
incitement abolished by the interpolated rests of 15 seconds. In the

same way we can find the effect of rests of any length. There will be

eleven rests when the work-period is i-minute, and five, three, and two<

when the periods are 2, 3, and 4 minutes respectively. The average
effect of each rest can be found by dividing the total effect by these

numbers. The disadvantage of the method is obvious. Only part of

the results is used, namely, the first and last periods, and their accuracy
will be diminished by the influence of random errors and spurts. In
Table 7 are given the scores in the first and last periods, and in Table 8

the absolute differences, and the differences relative to the score of the

first period. It will be noticed in Table 8 that the differences with rests

of 30 seconds are all negative that is, the scores for the last period
in every case were greater than the scores of the first period. This

cannot be due to a loss of fatigue, as the subjects were presumably
unfatigued at the beginning of the day's work. It must therefore be

due to the increased effect of incitement. Evidently a rest of this duration

is not sufficient to abolish much of the incitement effect, for of all the

shorter rests this is the most beneficial.

TABLE 7. Loss of incitement and fatigue found -by comparing the

scores in the first and last periods. Multiplication.
1
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Fig. 9. Cur\/e ofRecovery from Fatigue, obtained by compartng work
done in the first"period with work done in the /dsf.(dbsolure values)

Fig.
10. Curve ofRecovery from fahgue, obtained by comparing work

done in rhe firstperiod wifh work done in the /asf. ( e/3f/\/e Values}
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TABLE 8. Absolute and relative differences between first and last

periods. Multiplication.
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for the total amount of work done, as well as those for the amount of

work done correctly, yet a short treatment of the errors themselves will

perhaps be worth the time spent.
We will first deal with the absolute value of the errors, and then with

the number of errors relative to the amount of work done. The total

number of errors is given in Table 9.

TABLE 9. 'The absolute number of errors with different lengths of

rests.

Length of Rest.

Length of Period,
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result when the number of errors is i^ivui relatively to the number of

correct figures. In Table 10 the increases in the relative number of

errors, for an increase of i minute in the length of the work-period, are

1-12, 1-13, and i-u. To see whether this difference between the number
of BTTOTS tor the dil'terent lengths of work-periods is a refill .{ NttdNn
variations or not, we have calculated the probable errors of the eft

b< 'tween the number of errors for i-minute periods arid each of the

remaining p.-riods. The formula for this P,E. is

6745 2r The results are given in Table n.

1 1.--Difference between the mean number of errors of each

work-period compared with their P.E.'s.

Between one-minute and two-minute periods
Between one-minute and three minute periods
Between one-minute and four-minute periods

Difference in Mean
Number of

Errors.

P.E. of. this

Difference.

8-3

I7-3

27-0

8-4
5-6
(VI

These figures show that the difference in the mean number of errors

between the i and 3-minute work-periods, and the difference between
the i and 4-minute work-periods are, roughly, three times the P.E. There
are about sixteen chances to one against such a result happening from

pure chance. For the difference between the means for i and 2-m nute

periods, the P.E. is as large as the difference itself, and this could happen
by chance as often as not. Therefore there is a certain degree of prob-
ability that the number of errors has some dependence upon the length
of the work-period. This probability is augmented by the fact that the
number of errors increases so regularly when the work-period is

lengthened by constant increments. But this increase in the number
of errors is not the result simply of one variable, viz., the length of the

work-period. Lengthening the work-period means decreasing the total

amount of rest given. For, as only 12 minutes actual work was done
each day, lengthening the work-period means decreasing the number
of work-periods, and therefore the number of rests. We have shown
above that the total amounts of rest with different work-periods, starting
with i-minute, are in the ratio 11:5:3:2 (p. 34). Therefore this

result is probably due to the decrease in the total amount of rest as the

work-period lengthens, although the mere increase in the length of the

work-period may also have some effect upon the number of errors.

Section 2 . Cancellation.

The results given in the preceding section show that the characteristic

shape of the curves given there is constant for all four subjects when
the task was multiplication. This section of the experiment was devised
to determine whether the curves retained the same shape when the
nature of the task was changed. Cancellation instead of multiplication
Avas here employed." "We have seen that our results are independent of
the individual who does the work, but, so far, have not determined
whether they are independent- of the nature of the task. The plan
and results of this section are given in Table 12. It will .be noticed
that only work-periods of i and 4 minutes are here used.
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TABLE 12. Scores for cancellation.

Length of

Work-period.
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Knowing that the scores for i-minute periods and for 4-minute periods
when no rests are given, and the subjects are at the same stage of

practice, are in the ratio of 12177 to 12551, we can find what score with

i-minute periods*corresponds to 10002, which is the score with 4-minute
periods when no rests were given. (See Table 12.) On working out, we
find this to be 9705. Then, reducing the scores for the other rests

proportionately, we get the results given in Table 14.

TABLE 14. Scores for i-minute periods, reduced to the same stage of

practice as those for 4-minute periods, given in Table 12.

Length of
Work-
period.
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rest of 15 or 30 seconds was given to be greater than the corresponding
ratio when the rests were i-minute or were omitted. If we work out

these ratios and express them graphically, we should expect to obtain

a curve similar in shape to those we already have. Further, we should

expect this similarity to be most marked when the work-periods were

i-minute and least marked when the work-periods were 4 minutes,

because, as there are twelve i-minute periods in a day's work and only
three 4-minute periods-, with the former there should be less danger of

chance ,errors, and the fatigue incurred within each period is less.

*

Of course, this is a very rough method, and by itself not of great value'

but, the results will act as a. check on tjiose conclusions we have stated

above, and further, will give an indication whether the stage of practice
aT which" the subjects had arrived had any influence in determining the

shape of the curves. For.it is obvious that by comparing the total work
dohe on any day with the work done in the first period of that day, any
effect, due tt> the particular stages of practice of the subjects, will be

nullified.

These ratios are given in Table 15. As each rest was given on two
different days, there will be two ratios corresponding to each rest. The
Table gives the mean of these. In Figs. 16-19 these results are expressed

graphic illy to the same scale.

TABLE 15. Mean ratios of total work elone each day to work done in

first period.

Length of

Work-
period.



T
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piv< i ( < has ii" miliKiKv
iij

on the shajv of tin , and also corro-

borates ilu- conclusions we have drawn above. \\ < mtv hew r- -state

tlu m with a slight addition. The chararteristic shape of the curves gin n

in Fig. 3 is independent of the kind of tusk done, and also independent <>J

and stage of practice of the subjects. Of course the subjects
used in this experiment were school-boys, but wv Bee n> reason for

supposing that the same results, would not hold good with older sub j>

Effect of the Inclusion of the Scores of the First Period.

At the beginning of each day's work we have assumed that the

wore unaffected by either incitement or fatigue, and, therefore, tin-

t-cores of the first work-period each day will not be comparable with

those of any other period, for the latter scores will be under the

influence of either a rest of a definite kn;-tii, or a pe/icd cf work

of a defmi.e length, or perhaps of both. Of course, theoretically.

the scores for the first work-period each day ought to bo constant,

for there is no practice effect, and no incitement o;: fatigue effect,

except that generated within the work-period itself. Therefore,

including the scores of the first period is equivalent to adding a constant

quantity to each day's results. But this added quantity, although

theoretically constant, is not so practically. It is affected by theiniluence

of random errors. It seems, therefore, desirable to omit the scores for

the first period and to compare the results so obtained with the- results

already given. In Table 1 6 ere given the scores for multiplication,

and in Table 17 the scores for cancellation, omitting the scores of the first

work-period.

TABLE 16. Scores for multiplication, excluding the scores of the first

work-pcr.'od.

Length of Work-period.

Length of Rest,
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The graphs corresponding to these Tables are given in Fig. 20 and
Fig. 21. Comparing these graphs with Figs. 3 and 13, in which results
the scores of the first work-period are included, it is evident that the
inclusion of these scores has not caused any discrepancies, and their
exclusion does not make the graphs more regular. Both sets of curves
are almost identical in. shape. Throughout the rest of this work we
shall make use of

"
inclusive

"
scores.

Section 3. Multiplication and Cancellation Alternated. *

In Sections i and 2 we have endeavoured to estimate the effects of

fatigue incurred in doing a mental task upon the output of the same
work. In this Section we will attempt to investigate the effects of

fatigue induced by one kind of work upon the output of another different
task. In the preceding sections we have found that the curve represent-
ing the amount of work done with varying rests, is a constant,

independent alike of the task and of the individual who does the task.
The question we will now attempt to answer is whether this curve will

still be the same shape if we allow it to be influenced by the fatigue due
to two different kinds of work. In other words, if we alternate the task,
will the fatigue due to a period of multiplication be transferred to the

following cancellation period, or will such a period have the same influence
on the succeeding cancellation period as a rest of the same duration?

The current ideas concerning transfer of fatigue are not at all clear-

Kraepelin
1 thinks that the work of Weygandt proves that fatigue is a

perfectly general phenomenon, and that its effects on one kind of task
are completely

"
transferred

"
to a succeeding task. It is not at all

easy to determine the exact meaning of the word "
transferred

"
in such

n connection. Does Kraepelin mean that if two tasks are performed by
a number of subjects in immediate juxaposition in time, and in a state

of fatigue due to some preceding work, the average performance in the

two tasks will be below normal to the same extent ? Or does he mean
that the depreciations of the subjects in the first test will correlate com-

pletely with the depreciation in the second ? Only in the latter case,
it seems to us, could fatigue be described as perfectly general. Evidence
will be brought in Part II of this research to show that the correlations

.between two such tests is not only not high, but that it is approximately
zero.

If Kraepelin 's ideas concerning the transferability of fatigue are obscure,
most other writers are still more vague. Arai,

2 for example, says
"
that

fatigue in a special mental function, as well as in a general, is slightly
transferable to other functions." She evidently means, judging from
her method of experimentation, that there is a slight tendency for

fatiguability in one function to be associated with fatiguability in another

different function, for the subjects tested, the fatigue in each case being
due to the same preceding work. But we have seen (p. 23) that the

^mathematical evidence on which this conclusion is based is unsound.

The most widespread assumption has been that the depreciation in

one task is a measure of the fatigue induced by a different task. That

is, the absolute generality of fatigue has been taken for granted. Such
an error has crept into the work of even Thorndike. 3

1
Kraepelin, E. Die Arbeitscurve. Phil. Stud., Vol. 19, 1902., p. 479.

2
Aria, T. Mental Fatigue. Teachers' College, Columbia Univ. Contribs. to Ed.

No. 54. New York. 1912, p. 115.
? Thorndike, T. Mental Fatigue. Psych. Rev., Vol. 7, 1900, p. 547.
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Seashore1 holds that fatigue is quite specific, and that therefore the

fatigue incurred by performing one mental task has no effect upon a

succeeding different task. The work of Ellis- and Shipt
2

appears to

support such a view. These investigators found no correlation between
the depreciation in different tasks after the same fatiguing work.

Spearman and Hart3 have reduced
"
intelligence

"
to two factors, a

perfectly general factor and a factor extremely specific. These two
factors are absolutely distinct and separate one does not shade off into

the other. It is quite possible that a similar state of things may exist

for fatigue. Part of the fatigue incurred in performing a mental task

may be general that is to say, it may be wholly transferred from one

task to any other task and part may be quite specific, and therefore

not transferable at all to a different task. Also there may be no degrees
between these two factors in fatigue. The two factors may be quite

independent.

Flugel
4 has found a fatigue, which is strictly specific, in his investi-

gations upon the illusions of reversible perspective. He found that some

subjects may be fatigued for one aspect of the figure attended to while

apparently unfatigued for another aspect. There are also great individual

differences in the amount of this fatigue. Some individuals are fatiguable
for one aspect of the figure much more than for the other aspect, and in

some subjects very little fatigue at all is manifested. This fatigue is

not affected by the simultaneous activity of other mental processes.
5

McDougall
6 has also demonstrated the existence of a fatigue which is

extremely specific in his observations upon binocular rivalry.

There is still another view which may be held regarding fatigue. It

may be both general and specific, and one may shade off into the other.

If the fatigue is slight, it may affect any succeeding work of the same

kind, but have no influence upon a different task to any appreciable
extent. The fatigue induced by a- particular task may be localised in a

particular area of the cortex if its degree be slight. Further work of

the same kind may extend the area of the cortex fatigued, and so affect

other mental processes which are localised within the sphere of influence.

This extension of the fatigued area may, with still more work, affect

the whole cortex, and every mental task performed will then be adversely
influenced by it. This extension of the area which is at first definitely
localised may be compared to [the ripples on a lake caused by a stone.

If the stone is small, the ripples affect only a small part of its surface,
but if the size of the stone be increased in gradations, the extent of the

surface of the lake affected by the ripples is increased until, if the stone

is large enough and the lake small enough, its whole surface may be
thrown into movement. On this view, then, specific fatigue may extend
until it becomes general.

1 Seashore, C. E. The Experimental Study of Mental Fatigue. Psych. Bull.,

1904, p. 97.
8 Ellis and Shipe. A Study of the Accuracy of Present Methods of Testing

Fatigue. A.J.P. 1903, Vol. 14, p. 223.
3
Spearman and Hart. The Theory of Two Factors. Psych. Rev., Vol. 21, 1914.

4
Flugel, J. C. Some Observations on Local Fatigue in Illusions of Reversible

Perspective. Brit. Journ. Psych., Vol. 6, 1913, p. 60.

6
Op. cit., p. 75.

6
McDougall, W. The Physiological Factors of the Attention Process. Mind.

Vol. 15, i^ofS p. 329.
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It was for the purpose of testing these possible theories of fatigue
that the plan of this part of the work was devised.

For this section we have used i-minute and 4-minute work-periods,
with the rests of the same length as in the preceding sections

;
but we

have alternated a period of multiplication with a period of cancellation

throughout the whole series. The first period each day was always

multiplication. For example, when the period was i-minute and no
rests were given, the subjects would work at multiplication for i-minute

and then at a given signal change to cancellation for i-minute and then

back to multiplication, and so on. When rests were given, the procedure
was similar.

When two tasks were given alternately, and the work was continuous,
a certain amount of time was lost at the end of each period in changing
from one sheet to the other. This would tend, if not counteracted, to

make these scores lower than when rests were given. To make the loss

constant for all periods, at the beginning of each period the subjects

placed their pencils upon and directed their eyes towards the last letter

cancelled, or figure- multiplied, as the case might be, in the previous

period. Then when the signal to commence was given, they, as quickly
as possible, changed to the other sheet and began to work. Thus, at

the commencement of every period except the first, this amount of time,
which we presume to be .constant, was lost.

This experiment continued for 30 days, the subjects being the same
as those for Section 2. Cwing to some of the boys wishing to leave
London for a holiday, the series was curtailed from 34 days to 30, the
two longest rests being omitted.

In calculating the results, the scores for each kind of work were kept
separate.

A Plan of this work is given in Table 18, and the results are given in

Tables 19 and 20.

TABLE 18. Plan of work for Section 3.

Day.
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TABLE 19. Multiplication scores when the two tasks were alternated.

Length of Work-
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line that no comparison of it with the curves, including the first work-

period, is possible. As there was only one period of cancellation when
the period was 4 minutes, we cannot give a curve for it with this method.

Discussion of the Results of Section 3.

If fatigue were a perfectly general phenomenon, as Kraepelin would
have us believe, we should expect that change of work would have no
influence on its results. Whatever the task, the fatigue incurred ought
+o affect the succeeding tasks to the same extent. Change of work/ we
Tmow, affects the subjective fatigue sensations, but we are here still

considering fatigue objectively. On this view there ought to be no
differences between the curves representing the amount of work done
with varying rests, constructed from the results given in the three' sections

of this part of our research, whether the whole work is of the same kind

as in Sections i and 2, or whether the two tasks are alternated as in

Section 3. Take, for example, the work of the first day, when the work
is continuous, and a period of cancellation follows a period of multipli-
cation. If the general theory is correct, the fatigue effect upon the

period of cancellation, caused by the preceding period of multiplication,

ought to be the same as when that preceding period was cancellation

also. If, on the other hand, fatigue is perfectly specific, and its effec s

not transferable from one task to a different task, we should expect to

find that a period of the first kind of work, in its effects upon the suc-

ceeding period of different work, to have the same influence as a rest of

the same duration. For example, when multiplication for i minute is

alternated with cancellation for i minute, and no rest intervenes, we
should expect the amount of work done, if the general theory were

correct, to be comparable with the amounts of work done in corre-

sponding periods when the tasks were not alternated. That is, we should

expect the amount of multiplication done to be approximately equal to

the total amount done in the odd-numbered periods when the whole
twelve periods were multiplication. Similarly, in the combined work
we should expect the amount of cancellation to be approximately equal
to the total amount done in the even-numbered periods when^the twelve

periods were wholly devoted to cancellation. In other words, if the

subjects worked at maximum speed on both tasks, we should expect
the curve representing the amount of work done with different rests

to be independent of the task when both tasks were given alternately.

But, if the specific theory were correct, and if multiplication for i minute
is alternated with cancellation for i minute, with no rests, we should

expect the results to be comparable with the results obtained by giving

multiplication and cancellation separately with intervening rests of

i nrnute. For, on this view, multiplication for i minute would have
the same effect on the succeeding m'nute of cancellation as a rest of

i m'nute ; and, conversely, the period of cancellation would have, in its

influence upon the succeeding period of multiplication, the- same effect

as a rest of the same length. There is still a third possibility to be con-

sidered, viz., that the fatigue effect may be both general and specific.
That is to say, part of its effect may be

"
transferred

"
to any succeeding

task, while part is specific to the mental function exercised, and is not
transferred to a different task. If this is so, when the work is continuous
and the two tasks are alternated, the period of multiplication which

precedes a period of cancellation will act as a period of cancellation as

far as the general factor is concerned, while it will be equivalent to a
rest from the point of view of the specific factor.
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In judging the validity of each of these three theories, it seems possible

to make use of the constant curves obtained in Sections I and 2 as a

criterion.

From the results given in Tables 19 and 20 we can construct two sets

of curves corresponding to the two fatigue theories, which we have called

the general theory and the specific theory. If one of these sets shows a

general conformation to the constant curves given in Sections I and 2,

while the other set does not, we can conclude that the theory represented

by the former is the" correct one. But, if, on the other hand, neither

set conforms to this constant shape yet both show certain similarities,

we can take it as an indication that probably fatigue is both general
and specific.

From the point of view of the general theory, 12 minutes alternated

multiplication and cancellation will have the same effect as if the work

were homogeneous, and therefore we can construct the curves representing
this theory straight from Tables 19 and 20 without further calculation.

The only difference between these curves and those of Sections i and 2

is that the former are the result of fewer work-periods, because now

only half the 12 minutes work is of the same kind. The curves rep-

resenting the general theory are given in Figs. 22 and 23. We shall have

more difficulty in constructing similar curves for the specific theory.

First of all it is obvious that the first point on all the curves already

given will be absent from the specific theory curves. For when the

tasks are alternated, there must, on this view, always be some period of

rest. There can be no continuous work unless the work is homogeneous.

Let us first take the figures for i-minute periods in Tables 19 and 20.

The first total score in each table represents the work done with no

actual rests, but from our particular point of. view there were virtual

rests of i-minute, for each minute period of one task would have the

same effect on the other task as a rest of one minute. One minute then-

is the smallest rest with whose effects we shall deal. The second total

score is the amount of work done with 15 seconds actual rest between

each work-period. On the specific theory there would here be a virtual

rest of ij minutes between each work-period, for between each two periods
of one kind of task there would come (i) a rest of 15 seconds, (2) a

i-minute work-period of the other task, (3) another rest of 15 seconds,

making a virtual rest of i| minutes alto'gether. Similarly the virtual

rests corresponding to all the other actual rests could be determined.

Stated in general terms, if the length of the work-period be A, and the

actual rest B, then the virtual rest according to the specific view would
be A + 2B. Thus an actual rest of 4 minutes becomes a virtual rest

of 12 minutes when the work-period is 4 minutes. In Fig. 25 is given
an illustration of the actual rests with their corresponding virtual

rests.

Tables 19 and 20 cannot give us the scores for virtual rests less than
i minute in the case of i-minute work-periods, nor the virtual rests less

than 4 minutes in the case of 4-minute work-periods. For shorter rests

than these a supplementary experiment was devised, whose plan is given
in Table 21. In this series there were no actual rests, and periods of

work took the place of the intervals of rest. When the work being,
tested was multiplication, the interpolated task was cancellation, and
vice versa. If fatigue is specific, these interpolated tasks will have the
same effect as rests of the same duration.
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TABLE 21. Plan of supplementary experiment for interpolated work.

Day.
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MEXTAI.

JD ;m--l 22 W Baa obUin tlu- convspoii ,;vs wh. ;i th<- task is can-

cellation ami the work-period I minuu .

When the work-period is 4 minutes, and the task multiplication, we
can obtain the scores for virtual rests less than 4 nvnutc^ ironi Table 22,

and for rests of 4 minutes and longer from Table 19. The score for

actual rests of 2 minutes, 6,495, will be the scon- with virtual rests of

8 minutes. The score- for virtual rests of 16 minutes will be obtained

by taking the mean of the scores for actual rests of 4 minutes and 8

minutes, which correspond to virtual rests of 12 minutes and 20 minutes
These scores are 6,495 and 6,414, giving as the mean 6,455.

It will not be possible to give the corresponding results when the- task

is changed to cancellation, for, as there is 'only t>ne work-period, there

can be no interpolation of periods of multiplication. Therefore we can

construct only three curves representing the specific theory, viz., two
for multiplication and one for cancellation.

In Table 23, all the scores representing the specific theory are collected,

and in Fig. 26 are given the corresponding curves, which are the curves

for the amounts of work done with varying rests if the specific theory
were correct.

TABLE 23. Scores according to the specific view of fatigue.

Length of Rest.
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TABLE 25. Scores in multiplication supplementary experiment, excluding
work done in first work-period. This Table corresponds t9 Table

22, which includes the work done in the first work-period.

Length of Rest.



cd.

F'g. 27. Specific Theory Curves for Mulrfplicafion,

excluding scores of ftr^r Period.
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the normal curve. We have already given our reasons for placing more
reliance upon the shorter work-periods. Here we have an additional

. reason, for, as only two periods are devoted to multiplication, only one

is under the influence of any preceding work or rest.

Now let us take the curves for cancellation, with i-minute work-periods,

i.e., Figs. 13 and 22 and 23. Here, in the general curve, there is a well

marked maximum with 15 seconds rest, followed by a minimum point
between i and 2 minutes rest, after which the curve rises rapidly, and
shows signs of becoming horizontal, although this characteristic was not

so evident in the normal curve for this task, Fig. 13. The 4-minute
curve for cancellation is much more regular than the corresponding curve

for multiplication, and agrees very well with the normal curve. We
find a maximum point with 15 seconds rest, followed by a minimum

point with about i minute rest, and then the curve again rises, though
much more gradually than the corresponding curve for the i-minute

periods.

Speaking generally, and giving more weight in our judgment to the

curv, s with shorter work-periods, we can conclude that the general
curves exhibit a remarkable agreement with the normal curves. The

only unsatisfactory curve is that for multiplication with 4-minute rests,

and we have given reasons for believing that this curve is influenced to

a greater degree by random variations than the curves with i-minute

work-periods.

Now let us take the specific curves and compare them with, the normal

curves, i.e., Fig. 26 with Figs. 3 and 13.

In Fig. 26, the curves for i-minute periods of both tasks show a general

similarity, while that for 4-mmute periods is quite dissimilar from the

other two, and, owing to there being only one work-period under the

influence of preceding work or rest, it deviated very little from a horizontal

line. It will be best, perhaps, to confine our attention to the i-minute

curves and compare them with the corresponding normal curves.

At a first glance there seems very little agreement between the two
sets of curves, and this is borne out by a more detailed comparison.
In the specific curves we find no maximum point with rests of 15 seconds.

In fact, the scores with rests of this length are the lowest of all; and
this is what one would expect if the general theory were the true one,

for on this theory virtual rests of 15 seconds, 30 seconds, and i minute
are actually not rests at all. It is only when the virtual rests are

lengthened to 2 minutes that the specific curves rise abruptly. Both
curves show an almost continuous rise; and there is also no indication

of the minimum with 2 minutes rest, which we found present in all

the normal curves. Neither curve shows any tendency to become
horizontal with re its of 4 -minutes and longer. From these con-

siderations we conclude that the curves constructed according to the

specific theory show no points whatever of agreement with the normal
curves. This is true of both tasks, and for all lengths cf work-periods.

To sum up, wj find that the general curves exhibit every characteristic

which is common to the normal curves, while the specific curves show
no such agreement. Therefore, we are forced to the conclusion that

the general theory of fatigue is the correct one. Further, there is no
indication in these results that fatigue is both general and specific. The

agreement of the normal curves with the general curves, and their dis-

agreement with the specific curves, seem to be absolute
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Possible Effect of Interruptions caused by changing the Nature of the Task,

In Sections I and 2 the nature of the task was constant throughout
the section. In Section i the task was always multiplication, and in
Section 2 it was always cancellation. In this Section we have a change
of work an interruption of one task by another different task. We
have not yet considered the possibility of the influence of this change of
work. Its influence, if any, will be more marked when the work-period
is i minute than when it is 4 minutes, because, in the former, the inter-

ruptions are more numerous; and it remains to be seen whether the
sum of the effects of these interruptions is sufficiently large to affect the
shape of the curves obtained. We have several possibilities :

1. Fatigue may be specific, and then the interruption will cause a
loss of fatigue effect.

2. The incitement may also be specific, and then there will be a loss

of incitement effect.

3- Fatigue may be general. There will then be no loss of fatigue,
and the curves obtained will not be different from the curves
obtained when the two tasks were not alternated.

4. Incitement may be general, and the succeeding task will be

benefited, just as when the two tasks were taken separately.

5. The interruption may also act as a distractor. The perseveration
of the preceding task may then have an adverse influence upon
the task being performed.

Let us take for an example the case in which there is no actual rest,

i.e., when a period of one kind of work immediately succeeds a period of

different work. This is the simplest case, as it is not complicated by the
effects of rests, although the argument in each case is the same. We
know that the curves obtained when the tasks are alternated are the
same shape as when the tasks are not alternated, i.e., the changed work
acts as work of the same kind. We are therefore faced with two alter-

natives (i) Either the gain or loss of efficiency caused by the interruption
acting as a distractor, the gain caused by the loss of fatigue, and the loss

caused by the loss of incitement exactly balance one another. In such
a case we have three influences which react upon efficiency in such a

way that their net result is always either zero or a constant. (2) Or the
effect of the interruption is approx'mately zero or a constant, and fatigue
and incitement are general. In this case the effect of the interruption
is either approximately zero, or else it affects the scores with all rests

to the sam? extent, and therefore does not affect the shape of the curve.

The first alternative is certainly outside the bounds of probability,
unless some reason can be advanced why the net result of these three

influences, interruptions, incitement, and fatigue, should always be
either zero or equal to a constant for all lengths of actual rests. We
can see no reason why this should be so, especially when we consider
that the length of rest between the alternated periods is not constant.

Therefore we are forced to assume that the second alternative is the
correct one, viz., that the effect of the interruptions is zero or a constant,
and both the incitement and fatigue effects are general, and are trans-

ferred to the succeeding task.

That the interruption effect should always be constant and not zero

seems to us highly improbable, for if it were appreciable at all, it ought
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to be a Her led by tin- varying 1< ngtlis of rests. Tin- interruption effect

upon the second of two tasks which immediately followed one another

ought certainly to be greater than when the two tasks were separated

by an interval of time. For the effect would diminish with the length
of the rest, or else one would never recover from the per-evcration effect

of previous work. We are led then to conclude that the mtliu n of the

interruptions is not appreciable. This result agrees very well with that

obtained by Weygandt, that the effects of changes of work are almost

always small.

Effects of Varying Lengths of Work-periods and Rests.

Amberg,
1 Rivers and Kraepelin,

2
Hylan and Kraepelin and Heiiman, 3

among others, have investigated the effects of the varying lengths of

work-periods and rests upon efficiency. It will, perhaps, be profitable
and interesting to see how far the results of this present investigation
bear out their conclusions.

Amberg, Rivers and Kraepelin, and Heiiman are all agreed that' the

length of the most favourable rest depends upon the length of the pre-

ceding work-period. If we take. Figs. 3 and 13, and compare the curves

there for the different work-periods, it is noticeable that the curve for

i-minute periods in Fig. 3 is, if we exclude the first point whose divergence
we have already accounted for (p. 31), wholly above the curves for longer

periods. The ordinates here represent the net amount of work done,

i.e., the number of figures multiplied, or letters cancelled, correctly.
Therefore for each of the rests given here the efficiency is greatest when
the work-period is i-minute, and, speaking generally, the longer the

work-period, the smaller are the net scores. In Fig. 3 the curve for

3-minute work-periods seems to be an exception to this. In Fig. 13, the

curves for cancellation, we get a similar result. The curve for i-minute

periods is generally above the curve for 4-minute periods, excluding the

first point on the graph, although the difference here seems to be less

than when multiplication was the task.

We can find mathematically the effect of each length of work-period

by comparing the work done in the last period oi each day with the

work done in the first period.

If we take the difference between the scores of the first and last periods,
when no rests at all are given, as the total effect of the fatigue induced,
and subtract from this the difference between the scores of the first and
last periods, when a rest is given, it will give the amount of the fatigue
abolished by the rest, expressed as a gain in efficiency. Then having
found the amount of fatigue abolished by the rest, we can divide by the

number of separate rests, i.e., n, 5, 3, and 2, according to the length
of the work-period, and so find the effect of each separate rest. We can

express this effect either absolutely, or relative to fatigue tff :ct, when no

rests are given.

In Table 27 we give the figures expressing this result for multiplication.
It will be seen that the effect of the rest, both absolutely and relatively,

1
Amberg, E. Ueber den Einfluss von Arbeitspausen auf die geistige Leistungs-

fahigkeit. Psych. Arb., Vol. i, 1895, p. 300.
2 Rivers, W. H. R., and Kraepelin, E. Ueber Ermiidung und Erholung. Psych.

Arb., Vol. i, 1896, p. 627.
8 Heiiman. Ueber die Beziehungen zwischen Arbeitsdauer und Pausenwirkung.

Psych. Arb., 1904, Vol. 4, p. 538.
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increases with the length of the work-period. The exceptions to this

statement are the figures for work-periods of 3 minutes.

TABLE 27. Multiplication. Taking the difference between first and
last periods with no rest as indicating the total amount of fatigue

induced, the average loss of fatigue and incitement effect for each

separate rest is as below.
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maximum point appears to be due more to the conservation of the

incitement effect than to the abolition of the fatigue effect, for we notice

that with rests of i minute the curve again declines. We must assume
that a rest of I minute eliminates more fatigue than a rest of 30 seconds,
therefore with the latter rest there must be a much greater conservation

of incitement than with the former. None of the writers referred to

above used work-periods less than 5 minutes in length, and only one,

Heiiman, used rests less than 5 minutes in length. In this case the

shortest rest was i minute. None of their results, therefore, would
show this constant maximum point occurring with 15 to 30 seconds rest*

The point of absolute maximum efficiency, which we have determ ned

only for the curve with minute periods of multiplication, Fig. 3, does,

however, appear to depend upon the length of the work-period. From
the general trend of the graphs in Figs. 3 and 13 it seems safe to conclude

that the longer the work-period, the longer the interval of rest that is

necessary to obtain this maximum efficiency ; and this is the point to

which these writers refer when they say that the most favourable rest

depends upon the length of the work-period. At this point, as we have

already remarked, the loss o-f incitement and fatigue is at a maximum,
i.e., with rests of this duration the subject completely recovers from
the effects of the fatigue induced by the previous period of work. We
would expect this point to depend upon the length of the work-period,
for the fatigue due to a longer period of work would not be entirely
abolished by a rest whose length was sufficient to eliminate the fatigue
due to shorter period of work.

By comparing, in the curves in Fig. 3, the lengths of rests at which
the relative minimum point occurs, we can get an indication of the

position of the point of maximum efficiency on each. With i-minute

periods this minimum point occurs with a 2-minute rest, and with

2-minute periods with a rest of 4 minutes, while a rest of 8 minutes is

necessary in the case of 4-minute periods. If the position on the graph
of this minimum point is dependent upon the length of the work-period,
the probability is that the succeeding maximum will show a similar

dependence ; and we have seen in the case of minute periods that it

is an absolute maximum.

Heiiman further concludes that the effect of rest is greater the

longer it is. The rests used by him were i, 5, and 15 minutes. This is

not at all borne out by the results of this research, for we have seen that
a very short rest may be more beneficial than a longer one.

Summary of Part I.

i. The graph expressing the amount of mental work done with varying
lengths of rests interpolated between the work-periods is of constant

shape. It is independent both of the task and the subject who does the
task. The beneficial effect of a rest is not proportional to its length.
Of all the shorter rests, one of 15 seconds is the most advantageous for

work-periods up to 4 minutes in length. A rest of this duration is

apparently long enough for some of the fatigue to be dissipated and short

enough to conserve much of the incitement effect. The most advan-

tageous rest of all is one that is long enough to dissipate completely
both fatigue and incitement. This rest is not of constant duration for

all work-periods, nor is it strictly proportional to the length of the

work-period. With multiplication, using a period of i minute, this
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rest must be at least 4 minutes, i.e., a rest of 4 minutes completely removes
both the fatigue and incitement incurred by multiplying for i minute at

maximum speed. Using 4-minute work-periods, 16 minutes rest is

insufficient to obtain this result. When the task is changed to cancel-

lation, 8 minutes rest is not sufficient to obviate the effects of i 'minute

of work.

2. From the curve showing the amount of work done with varying

lengths of rest, we can obtain, by inverting it, the curve of recovery
from fatigue. As the former curve is of constant shape, the latter will

also be independent of both subject and task. This curve falls abruptly
at first, then rises, and finally falls, gradually becoming less abrupt until

it becomes horizontal.

3. By alternating the two tasks, and constructing the curves showing
the efficiency with varying lengths of rests for each task, it is possible
to use this constant curve as a standard by which to judge whether

fatigue is general or specific. The curves constructed according to the
"
general

"
view exhibit a marked agreement with the standard curve,

while those constructed according to the
"

specific
"
view show no such

agreement. From this we conclude that fatigue is a general phenomenon,
and is not specific to the task being performed.

4. The favourable effect of a rest depends upon the length of the

preceding period of work; and the length of the most favourable rest

also is dependent upon the length of the work-period.
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Part II. Transference of Fatigue.

1, Aim and Description of Experiment.

(a) Aim of Experiment.

(b) The Subjects.

(c) The Tests.

(d) Incentives to Work.

(e) General Conditions.

(/) Preliminary Practice Work.

(g) Fatigue-producing Work.

(h) Plan of the Experiment.

2. Results.

(a) Practice.

(b) Continuous Work and Subjective Estimates of State of

Fatigue.

(c) Reliability of Tests.

(d) Average Depreciation of Tests.

(e) Correlation between the Depreciation in different Tests
after the same Continuous Work.

(/) Correlation between the Depreciation in the Continuous
Work and the Depreciation in the succeeding Tests.

(g) Correlation between the Depreciations in the same Test
after Continuous Work of Different Kinds.

(h) Interpretation and Reconciliation of the Results given
in Sections (e) and (g).

x

1. Aim and Description of Experiment.

(a) Aim of Experiment.

The aim of this experiment was to see whether, and to what extent,

fatigue is transferable from one mental function to another. Bettman,1

Weygandt,
2 Miesemer, 3 Winch,4

Arai,
5 and Martin6

all conclude that

fatigue is transferable, while Thorndike and Seashore deny it.

The experiment was carried out during the years 1915 and 1916 at

the Psychological Laboratory of University College, London. Owing
to the necessity of having the subjects for six consecutive days, the

1 Bettman, S. Ueber die Beeinflussung einfacher psychol. Vorgange durch

korporliche und geistige Arbeit. Psych. Arb. Vol. i, 1894, P- T 52 -

2 Weygandt, W. Ueber den Einfluss des Arbeitswechsels auf forlaufende geis-

tige Arbeit. Psych. Arb. Vol. 2, 1897, p. 118.

3 Miesemer. Ueber psychische Wirkungen korporlicher und geistiger Arbeit-

Psych. Arb. Vol. 4, 1902, p. 375.
4 Winch, W. H. Mental Fatigue in Day School Children. Brit. Journ. Psych.

Vol. 4, 1911, p. 3i5-
5 Arai, T. Mental Fatigue. Teachers' Coll., Columbia Univ., Contribs. to Ed.

No. 54. New York, 1912, p. 9.

6 Martin, C. W. Evidence of Mental Fatigue during School Hours. J. of Ex-
Ped. VoL i, pp. 39 and 137. Vol. 3, p. 61.
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work was done during the vacations of the schools from which the subjects
were drawn. With the preliminary practice work this was not necessary,
as this work could be done after school hours.

(b) The Subjects.

The subjects were all boys, drawn from the two highest classes in

public elementary schools, and were 42 in number. Their ages ranged
from iiJ to 13J years. The schools from which they were drawn were
situated in one of the poorer districts of London.

(c) The Tests.

1. Multiplication Test. Simple multiplication was used for the first

test. The multiplicand consisted of combinations of the figures 3 to

9 inclusive, each figure occurring 5 times in each line, and the multi-

pliers were 6 to 9 inclusive. To make the test of equal difficulty each

day, the same multipliers and multiplicand were used in the two test-

ings on any one day, but were changed every day. The subjects were
instructed to multiply as quickly as possible without

"
carrying," and

only the units figure of the answer was written down. The test lasted

5 minutes, divided into 5 minute periods, in correcting, one mark
was given for each figure correctly multiplied. As the same figures
were used in the two testings on any one day, there will be a special

practice effect on this day, which we assume to be of the same

magnitude as on the control days.

2. Spots Test. In this test, which we have called the
"
Spots

"
test,

a series of groups of spots were momentarily thrown on a sheet by
means of a lantern, with a photographic shutter in front of the lens.

The exposure was too short to allow of eye movements, being 35-40 a.

The subjects were required to say how many spots were seen, and to

do so fixated a mark placed in the centre of the sheet. The spots were
not arranged in any definite order, and varied from 4 to n, inclusive,

in number. Each group was exhibited four times in each testing, thus

giving 32 answers. In the second testing each day the order was
reversed. In correcting, one mark was given for each group correctly
answered.

3. Memory Test. The method used here was that of
"
paired

associates." Twenty-four words, arranged in pairs, were exhibited a

pair at a time, by means of Muller's memory apparatus. Each pair
was exposed three times, and then the first word of each pair was

given, the subjects having to supply the second word ;
then the second

word of each pair was given and the subjects were required to give the

first. The order of reading out was kept constant, but different from

the order of exposure, and ten seconds were allowed for writing each

answer. The words used were all common monosyllabic words, and
words usually associated were not given in the same list.

As these lists of words could not be chosen, so as to be of equal difficulty

for each day, half the subjects did the test before any fatigue-producing
work, which the other half did after that work. Then, when the experi-
ment was repeated, the order of the tests was again reversed for each

subject.
One mark was given for each correct answer.

4. Cancellation Test. The matter of the test consisted of pages of

French words (none of the subjects were acquainted with French).
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Each line consisted of about 60 letters (3) and in each line there

were 9 letters to be crossed out or words to be underlined.

The matter for the two tests on any one day was constant, but varied

from day to day. For each group of subjects there were three tasks to-

do, e.g., to' cross out every E and T, and to underline words of three

letters. The subjects were required to work as fast as was consistent

with correct cancellation. One mark was given for each letter or word

correctly cancelled, and one mark was deducted for each word or letter

marked in error. The test lasted for five minutes, divided into 5 minute

periods.

5. The Tapping Test. The machine used was that manufactured by
the British Mutoscope and Biograph Co., Ltd., we believe, for the

purpose of measuring cinematograph films. The machine recorded the

number of
''

taps," and in
"
tapping

"
the hand moved as fast as

possible from side to side. The machines were clamped to a desk, and
the hand was kept in a constant position while tapping. The position
of the hand was found to be important, as, in the preliminary tests,,

a change in the position of the hand markedly affected the scores.

This test lasted for 30 seconds and was preceded by 10 seconds practice.
The subjects were instructed to tap at maximum speed.

6. Alphabet Test. The task was to pick out, from the letters of three

alphabets of different colours, arranged in a definite order on the desk,
all the letters in order, starting with a given letter. Each day the

"
start-

ing letter
"
was changed. The letters were not seen until the signal to

commence was given. Two minutes were allowed for this test, and one
mark was given for each lettej correctly picked out in that time.

7. Descrimination of Length of Line. This test was found to be so

unreliable that no use could be made of the results obtained from it.

A description will therefore be unnecessary.
8. McDougall's Dotting Test. Instead of using dots to be struck at r

we used
"
bull's-eyes

" made of two concentric circles of I m.m. and 3
m.m. diameter respectively. In marking, 4 marks were given if the
dot was inside the inner ring, 3 if it was on the inner" ring, 2 if between
the two rings, and i if on the outside ring. The time taken for this test

varied, but was approximately constant for each boy. The test differed

from all the other tests in being an individual test. Therefore the
last boy to do it had a somewhat longer interval than the first boy.
The time for each boy to do the test was approximately I minute, so
the last boy in the largest group, which consisted of 6 boys, had a
rest of 5 minutes. The order in which the boys in each group did the
test was kept constant throughout the whole experiment. In view of
the length of the fatigue producing work, and in view also of the short
interval between the tests (30 seconds), it did not seem possible that
the subjects could recover to any great extent in 5 minutes. This seems
to be borne out by the results, for no other test suffers so much, as
result of continuous mental work, as this test does.

(d) Incentives to work.

The incentives to work at maximum effort were the same as those
described in Part I of this research.

(e) General Conditions.

The whole experiment was carried out in the presence of the writer,
and no one else was present. Artificial light was used throughout to
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guard against the possible effects of different light intensities. The
same room was used throughout, and the subjects occupied the same
seats every day. The same instructions were given each day. The

days on which rests were given, instead of fatigue producing work, the

subjects occupied themselves in reading stories, looking at pictures, or

talking to the experimenter, and were in -the latter 's presence the whole
time.

(f) Preliminary Practice Work.

In order to obviate errors arising from the effects of practice, it was

thought advisable to have the subjects so practised that the practice
curve would be approximately linear. For this purpose a series of

tests, given on alternate days, and extending over three weeks, was
devised. A preliminary set of experimental with ten subjects, similar

in class and age to the subjects described above in this experiment, had
shown that, to bring them to the desired state of practice, it was necessary
to do the multiplication, cancellation, alphabet, and McDougall's dotting
tests nine times each, while six repetitions sufficed for the memory, spots,
and tapping tests. To obtain this result, the average score in each test,

of the ten subjects, was expressed graphically, and it was seen that the

graph had become approximately linear when the abovementioned
amount of practice had been done. The practice curves of the 42 subjects
of this experiment are given in Figs. 28-34.

(g) Fatigue-producing Work.

The fatiguing work consisted of multiplication, physical drill, cancel-

lation, and memorising lists of three-figure numbers. The cancellation

and multiplication were as described above in the lists of tests. The

physical exercises were those laid down by the educational authorities

of the L.C.C., and the subjects were thoroughly familiar with them.

They comprised exercises for arms, legs, trunk, and neck. The exer-

cises were done to a rhythm given by a metronome, and an interval of

2 minutes was given at the end of each 30 minutes work.

The memory work was the memorising of lists of 12 pairs of three-place
numbers. The numbers had to be learnt in pairs, and 10 minutes were
allowed for the learning of each list. Then the first number of each pair
was given, and the subjects were required to supply the second. In

marking, 6 marks were given for a completely correct answer, 2 marks
were given for a correct figure given in its proper place, and i mark for

a correct figure in its wrong place. Thus the possible number of marks
for each list was 72. In writing the answers, 10 seconds were allowed

before the next number was read out.

The fatiguing work lasted 90 minutes each day.

(h) Plan of the Experiment.

The experiment consisted of two parts, the preliminary practice period
which has been described above, and the experiment proper, which
lasted for six consecutive days. Of the six days, the first and last were
control days, on which the subjects were tested twice, with an inter-

vening rest of 90 minutes. On the other four days, which we shall call

fatigue "days, the subjects were tested twice with an interval of 90 minutes,

during which they worked at multiplication on the first day, physical
drill on the second, memorising numbers on the third, and cancellation

on the fourth. We shall distinguish between the two kinds of work
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done by calling the 90 minutes continuous ;ui<l homogeneous work,
"continuous" work; and the shorter periods for testing the fatigue

incurred, the
"

tests."

The following table, Table 29, shows the times and uiTHiigeinmt of

'the two kinds of work I-

TABLE 29. Plan of Experiment.

Time.
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The objects of this preliminary practice period were, first, to minimise
the influence of variations, which we were unable to measure or control,
such as those caused by the unusual surroundings of the laboratory, and
the presence of the experimenter ; second, to have the subjects at such
a state of practice that the practice curves would be approximately linear

and horizontal. If this second aim were not wholly achieved, the general
course of the curve could be determined, and the effects of its non-linearity
eliminated.

The curve for multiplication (Fig. 28) has not reached the horizontal

stage, but the general course of the curve shows plainly that this stage
is just about to be reached. As the work of the experiment proper follows

the practice work, it is evident that, during the experiment proper, the

curve of practice is approximately horizontal.

In Fig. 30, the
"
spots

"
test, the horizontal stage has been reached

on the fifth practice day, which is also true of Fig. 32, the curve for

tapping.

The curve for memory (Fig. 29) is quite irregular. The curve

actually falls at first instead of rising. This is probably due to the

unequal difficulty of th: tests on different days. It was not
found possible to eliminate this source of error, as in this connection

its effects had not been foreseen, and most of the subjects had done part
of the work before it was discovered that its effects were so marked.
It seems very probable that the practice effect here is not great, for,

unless there was a m irked disparity in the difficulty of these tests, the

curve should show som? signs of rising with increased practice. In our

description of this test we gave our method of eliminating this error in

the experiment proper.

Fig. 31, cancellation, shows a departure from the usual shape of the

practice curve. It is approximately linear from the beginning.

This rate of practice seems to have been maintained throughout the

experiment, for on the last control day the average score for the subjects
who completed the whole practice on the prescribed days was 156, or an

average daily increment of 4. This practice effect, as the curve seems
to have retained its linear form, would be eliminated by our method of

experimentation, even though the curve is not approximately horizontal.

Figs. 33 and 34, alphabet and dotting, conform to the general shape,
and have become aknost horizontal at the close of the practice period.
An interesting feature of the latter curve is its regularity. The curve
rises rapidly at first, and gradually becomes less steep until the practice
effect almost disappears.

A comparison of these curves shows a marked difference in the duration
of the practice effect. In cancellation (Fig. 31), for example, the effect

Is still very marked on the ninth day, while in tapping (Fig. 32) there is

very little effect after the first day. The other curves occupy inter-

mediate positions.

From the general shape of these curves it will be conceded, we venture
to think, that in any experiment such as this a preliminary practice

period is a necessity. With unpractised subjects, the effects of practice
are so large, and sometimes so variable, as to render precarious any
deductions from their results, unless this effect can be wholly eliminated

by the method of experimentation. Further, the emotional effects of

strange surroundings and strange tasks are apt to affect the subjects'
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performances in a very arbitrary way, the results of which it does not
seem possible to elim'nate otherwise. Although it does not seem neces-

sary that subjects, at the time of experimentation, should be at the limit

of practice, yet it does seem essential that the early stages of practice,
when the curve rises so abruptly, should be passed.

(b) Continuous Work and Subjective Estimates of State of Fatigue.

In the continuous work, the coefficient of fatigue was found by com-

paring the amount of work done in the first 10 m.nutes with the amount
done in the last 10 nvnutes, and expressing the difference between the

two as a percentage of the former. In the memory fatigue work

(p.iemorising numbers) in wh'ch the subjects had not been specially

practised before the experiment, the practice effect, together with the

effect due to the unequal difficulty of the tasks, was so variable and so

pronounced as to conceal any fatigue effect that might have been present.

Consequently we have omitted these results. No calculation of the

amount of muscular work done, during the physical drill fatigue work
was attempted, and therefore no fatigue coefficient for this work could
be given.

The results for multiplication and cancellation show a decided decrease
in efficiency as a 'result of prolonged work, the average decrease being
19-8 per cent, and 14-6 per cent., with probable errors of 1-42 and 1-04

respectively.

At the end of the continuous work, the subjects were required to

record their subjective estimates of the state of fatigue. For this purpose
a scale of fatigue values was drawn up.

"
Very tired

"
was the highest,

then came
"
Tired,"

"
Fairly tired,"

"
Slightly tired," and lastly

" Not
tired at all." The terms used were carefully explained to the subjects
before the experiment commencecl. These values were then expressed
numerically,

"
Very tired

"
being called 5,

"
Tired

"
being called 4, and

so on down to
" Not tired at all," which was given the value I. The

correlation between the subjective and objective estimates of the fatigue
induced during the 90 minutes multiplication and cancellation work
wras then calculated. These coefficients were, for the multiplication,

42, and for the cancellation -18, with probable errors of -086 and -10

respectively.

These results would seem to indicate that, after multiplication work
extending over 90 minutes, the fatigue sensations corresponded, to a
certain extent at any rate, with the state of the subjects' efficiency.
After cancellation this correspondence is not evident.

By finding the correlation between the fatigue coefficients of the
continuous multiplication and cancellation, we can ascertain to what
extent fatiguability with one kind of work goes with fatiguability in
the other kind. This correlation coefficient was found to be -32 with a
probable error of -09, which seems to show that there is a slight tendency
for fatiguability for cancellation to be associated with fatiguability for

multiplication in the same subject.

To see how far the sensations of fatigue after one kind of work, as
shown by the subjects' own estimates, corresponded with those caused
by other kinds of work, we have found the correlation coefficients between
these subjective estimates. These are given in. Table 31.

62775-0
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TABLE 31. Correlation coefficients of subjects' estimates of state o

fatigue. Probable errors are given in brackets.
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the influcmv of the time of day and tin- daily practice effect was found

by comparing the efficiency in the second testing on the two control

days with the efficiency of the first testing, and taking the average.
This was also expressed as a percentage of the scores given in the first

testing. Then the true effect of the fatigue-producing work was found

by eliminating this depreciation or appreciation of efficiency as shown
in the scores on the control days when no fatiguing work w,

e.g., if the average depreciation of the two control days for a subject in

any one test was 4 per cent., i.e., the daily practice effect caused his

efficiency to be increased 4 per cent., and if the depreciation of the same
test due to 90 minutes continuous work was 10 per cent., the real depre-
ciation would be 4 per cent., + 10 per cent. = 14 per cent. The average
loss of efficiency, after thus making allowance for the results on the

control days, is given in Table 33. The probable errors of these averages
are given in brackets.

TABLE 33. Average depreciation of tests due to continuous work

expressed as a percentage of normal performance.

Fatigue-producing Work.

Tests*
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We feel justified then, in concluding that continuous multiplication,

memorising numbers, and cancellation for 90 minutes has an adverse

effect upon the succeeding mental work, but muscular work for the

same time does not show any such adverse effect.

One may ask with what standard are we to judge the severity of the

90 minutes muscular work. We have a fair notion of the energy involved

in working at multiplication or cancellation for 90 minutes at maximum
effort. The object set before the experimenter was to have the subjects

working at maximum effort in the physical drill too. The exercises

chosen were those which would call forth the greatest possible effort,

and which are at present being used by the military authorities for

training soldiers. The time was set by a metronome and no rests were

given between changes of exercise. Work involving both trunk and
limbs was given. The result obtained here, that muscular work does

not injure succeeding mental work, is directly opposite to the results

obtained by Bettman 1
,
who found that two hours walking; in the case

of himself, had a marked effect upon succeeding work. Miesemer 2 found
that one hour walking had a slightly adverse effect upon intellectual

work in the case of himself, but increased his capacity for writing figures

quickly. We have pointed out above the possibility of the influence

of suggestion when the experimenter is the sole subject.
We can determine what proportion of the fatigue effect is transferred

from the continuous work to the tests by comparing the average depre-
ciation in the continuous work, in the case of multiplication and

cancellation, with the depreciation in the tests. We are here dealing
with the average proportion of fatigue transferred. In the next section,

an attempt will be made by means of correlation coefficients to solve

the problem whether a subject is affected similarly in all tests, after

the same fatiguing work, or whether he will be more fatigued in one test

than another.

In Table 34 is given the amount of fatigue as shown by the loss in

efficiency in the tests, expressed as a percentage of the fatigue coefficients

in the multiplication and cancellation continuous work.

TABLE 34. Depreciation in the tests expressed as a percentage of the

depreciation in the continuous work.
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for the multiplication test after multiplication work are strangely low.
The coefficient of fatigue for the multiplication continuous work is

19-8, while that for the test done i minute afterwards is only 8-5. We
shoald hardly expect such a recovery in such a short time as I minute,

although we shall find later that recovery is most rapid in the earlier

part of a rest. This view is strengthened by comparing with this result

the figures after the cancellation continuous work. In the cancellation

test 76 per cent, of the incurred fatigue is transferred, although this

test was done about 17 minutes after the completion of the continuous

work, of which 17 minutes 2j were taken up by rests, as 30 seconds' rest

was given between each test. McDougall's explanation of such an effect

is probably the true one. In continuous work, boredom plays a large

part, and to its effect part of the loss of efficiency is due
;
but in a short

test of, say, 5 minutes, the subject has the power of tapping fresh supplies
of energy, and by an effort of the will dispels the boredom and works
almost as well as ever, but only for a short time.

It can hardly be contended that the rests between the tests account
for the loss of the fatigue effect in some tests, because, if this were so,

we should expect the last test performed, which had the advantage of

more rests than any of the others, to show the least loss in efficiency.
Instead of this we find that the last test (dotting) shows the greatest

average loss after all kinds of work except memory ; and if we compare
the depreciation with its probable error dotting suffers most of all, not

excepting memory. It would seem then that the explanation must
be that continuous mental work affects succeeding mental work differ-

entially and not equally. It has a selective effect.

The average loss in efficiency of all the tests is greater after cancellation

than after multiplication' continuous work, the average being 16 per
cent, and 31 per cent. The difference of these two averages is 15 per
cent, and the P.E. of the difference 5-8, which indicates that, with
so small a number of tests, the difference might possibly be due to

chance, although the odds against it being so due are about twelve
to one. The results of Part I of this research are in agreement with the
results in Table 34, and testify against this difference being due to chance.
It will be remembered that the persistence of the fatigue effect was much
more marked after cancellation than after multiplication. A rest of

4 minutes sufficed to dispel the fatigue occasioned by multiplying for

i minute, but a rest of 8 minutes was insufficient to dispel the fatigue
due to cancelling for i minute. Thus the two results agree on this point :

that cancellation has a greater adverse effect upon succeeding mental
work than the same duration of multiplication.

(e) Correlations between the depreciation in different tests after the same
continuous work.

In the preceding section we have seen that fatigue, in some cases at

least, induced by one kind of work, adversely^affects different succeeding
work. The results given in that section, however, can give us no infor-

mation upon the question whether the fatigue incurred in the continuous
work affects any one subject in a corresponding degree in all the tests.

That is to say, will a subject whose multiplication shows a marked loss

in efficiency after one kind of continuous work also show a corresponding
depreciation in other tests after the same continuous work? Does con-

, tinuous work result in a general state of fatigue, so that any task done
will be below normal to the same extent as any other done by the same
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subject ? The correlation coefficients between the losses in efficiency in

each pair of tests on each of the four days on which continuous work
was done will throw light on this question. These correlations are

given, with their probable errors, in Tables 35-38.

If a subject were affected generally by continuous work, and were

fatigued to an approximately equal degree in all kinds of work, we should

expect the correlation to be highly positive. But if, on the other hand,
one subject may be very fatigued, say, for multiplication, and not fatigued
for dotting and cancellation, and only slightly fatigued for memorising,
while another, also fatigued for multiplication, may have his powers
of dotting and cancelling less fatigued, and his power of memorising
not fatigued at all, we should expect the average correlation to be zero.

Generality of transference of fatigue demands a high positive correlation

between the loss of efficiency in the tests, while complete specificity of

transference demands that the correlation should be zero.

TABLE 35. Correlation coefficients between depreciation in tests after

multiplication fatigue work. The probable errors are given in

brackets.

Tests.
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TABLE 37. Correlation coefficients 'between depreciation in tests after

muscular fatigue work. The probable errors are given in brackets.

Te.ts.
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TABLE 39. Ratios of positive and negative correlation coefficients to
their probable errors.
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From these considerations it seems that zero is most probably the true

value of the correlations between the depreciations of the tests. Then
the true vjilue of the probable error will be "104, and only five positive
and six negative coefficients will be more than three times, while only
one positive and one negative will be more than four tinvs, and none

will be five times the probable error, which result out of eighty-four
coefficients mi^ht easily happen by chance.
How shall we interpret this result ? We can conceive of fwo possible

explanations. Either fatigue is transferred specifically i.e., the fatigue
coefficient for a subject in one test is no criterion of his state of fatigue
in any other test ; or else the average correlation has been greatly reduced

by the Unreliability of the measurements taken, and should be much

higher if the reliability were greater. As the whole experiment was
done twice we can calculate the reliability coefficient of the depreciation
in each test. It is obvious that the lower the reliability the lower will

the correlation become, because of the greater attenuation by random

errors; and, conversely, if the reliability is very high, random errors

must have but a feeble influence, and the correlation coefficients obtained

are net to any extent lower than the true coefficients.

As some of the correlation coefficients given in Tables 35-38, and also

some of the individual reliability coefficients of the depreciations in the

tests are so low, the correction of each individual correlation coefficient

would give, in such cases, an illusory value. The average reliability

coefficient of the depreciations in all tests after the four kinds of con-

tinuous work is -272,* and the average correlation coefficient of the

depreciations in all the tests is -024.
On the whole, under similar experimental conditions, both the reliability

and correlation coefficients may be expected to approximate to the

arithmetic means of our present data. If we take this as a fairly typical

case, we can easily calculate for it, the
"
true

"
or corrected correlations.

Such a typical value is the more meaningful, seeing that the deviations

of the correlations from one another are not significantly greater in

amount than would be expected from their sampling errors alone. The
formula for giving the corrected or

"
true

"
of the

" raw
"
or uncorrected

correlation coefficient is

/ (i + r~)

NT .
r, . , , ^ (I +
1 ab *ab

where r\b is the corrected coefficient, rab the observed coefficient >

and r^ and rbb the reliability coefficients of the tests a and b.

On working out, the
"
true

"
average correlation coefficient is found

to be -061, with a probable error of -104 i.e, there are even chances

that any other similar sample would give a correlation coefficient of

between -043 and -165.

From these considerations we are forced to the conclusion that the

average correlation between the depreciations in different tests ajter the same
continuous work is approximately zero.

This result corroborates those of Ellis and Shipe,
2 who found no appre-

ciable correlation between several mental tests done after the same

fatiguing work.

*See page 78.
1 Sse Spearman. Correlation Calculated from Faulty Data. Brit. Jour, of

Psych. Vol."~3, 1910, p. 271.
2 Ellis and Shipe. A- Study of the Accuracy of Present Methods of Testing

Fatigue. A.J.P. 1903, Vol. 14, p. 223.
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In the beginning of the section, we stated, it will be remembered, that
if fatigue were transferred generally the average correlation coefficient

between the depreciations in the different tests should be highly positive ;

and, on the other hand, if fatigue were transferred specifically the same
average coefficient should be zero. These results therefore show that

fatigue is transferred specifically and not generally.

This being so, much of the contradiction and confusion prevalent in

the results of experiments upon fatigue and its effects is easily explained.
In many researches upon this subject the fatigue incurred in one

performance is measured by its effects upon a succeeding different

performance, which is tantamount to assuming that fatigue is transferred'

generally. This error is greatly in evidence in experiments performed
upon school-children, by testing them at various times in the school

day, and estimating the state of fatigue from the performances in these
tests. The results given by these experiments may be quite inexception-
able, but the inferences drawn from them are far from unexceptionable,
and, in some cases, are quite inaccurate. If a child is found to be normal
in a certain test at the end of the school day, it does not follow that he
is not fatigued. The only inference to be drawn from such a re'sult is

that lie is not fatigued in that particular test
;

but the result gives no
evidence as to his state of fatigue in any other test, nor does it give any
evidence of the state of fatigue in any test of any other child who has
done exactly the same work as the former child. If two subjects, after

the sam3 duration of mental work, are tested, say, in multiplication
and cancellation, the first may be very fatigued in multiplication, and
only slightly affected in cancellation, while the results for the second

subject may be the exact reverse. He may be very fatigued for can-

cellation, and only slightly fatigued for multiplication.

(/) Correlation between the depreciation in the continuous work and the

depreciation in the succeeding tests.

We have seen that in the continuous multiplication and cancellation

work the average fatigue coefficients, found by comparing the work
done in the last 10 minutes with that done in the. first 10 minutes, were

19-8 and 14-6 respectively. It will be interesting to see what correlation

exists between the' results of the continuous work and the succeeding
tests. These correlation coefficients will act as a check upon the results

gained in the preceding section. If fatigue is transfe:red specifically
we will expect the correlations to be approximately zero, except for

those tests which are of the same kind as the continuous work e.g.,

multiplication and cancellation. On the other hand, if fatigue is trans-

ferred generally, we will expect the coefficients to be high and positive.
The results are given in Table 41. It will be seen that only one result,

viz., the correlation between the continuous multiplication and the

multiplication test is at all highly positive. Here, if anywhere, we
should expect to find a high correlation, for the task to be performed
in both was exactly the same, and an interval of only i minute separated
the one from the other. The correlation between the cancellation

continuous work and the cancellation test is astonishingly low only

17. In this case some considerable time, approximately 17 minutes,

elapsed between the completion of the continuous work and the com-
mencement of the test. This 17 m'nutes was taken up by multiplication,

spots, and memory tests, with the intervening rests of 30 seconds each.

This lapse of time and change of task may be the cause of the low corre-
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lation, as in the case of the multiplication continuous work, and the

multiplication test, where only i minute separated the two, the correlation

is much higher, -54. Yet if fatigue is transferred specifically this low

correlation is not only not surprising, but is what might be expected.
For du:ing the 17 minutes in which they were performing the different

tasks or resting, the subjects would have a chance to recover from tl.r

cancellation fatigue, and unless all recovered at the same rate the result

would be a lowering of the correlation. The multiplication test corre-

lating only to the extent of -54 with the multiplication continuous work

supports the view that the rate of recovery from fatigue varies with the

individual. A rest of only i minute is sufficient to substantially reduce

the correlation.

TABLE 41. Correlations between the depreciation in continuous work
and the depreciations in succeeding tests. The probable errors

are given in brackets.

Tests.
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between the depreciations in the same tests after different kinds of con-
tinuous work. To answer this question, we give "in Tables 42 to 48,
the correlations between the depreciations in the same test after each
kind of continuous work, e.g., in Table 43 are given the correlations

between the depreciations in multiplication after continuous multi-

plication, memorising, physical drills, and cancellation respectively ;
and

the following Tables give the corresponding results for the other six

tests.

TABLE 42. Correlations between depreciation in alphabet test after

different kinds of continuous work. Average "388. Probable errors

are given in brackets.

Tests.
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TABLE 46. Correlations between depreciations in spots test after

different kinds of continuous work. Average "345. The probable
errors are given in brackets.

Tests.



78 MENTAL FATIGUE.

TABLE 49. Reliability coefficients and correlation coefficients

depreciations in same tests after different continuous work.

of

Tests.
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TABLE 50. Comparison of standard deviations of observed coefficients

witli those expected by chance alone.

To.it s.
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any other kind of task. We do not mean to say that the deterioration

as exhibited by the fatigue coefficients will be the same after every
kind of task, for Table 33 shows that all tests* are not affected in the

same degree by the same continuous work; but we do maintain that a

subject's deterioration in a test is the same after all kinds of tasks

relative to the depreciations shown by the other subjects. If the subjects
were arranged in ranks according to their fatiguability in a test after a

certain continuous tesk, each subject would tend to keep the same rank
if the nature of the continuous work were changed but the test remained
constant.

This result may be explained as being due to one of two causes :

either (i) the subjects may have their general powers of performing any
task fatigued, and every task performed will then be under the influence

of this constant general fatigue; or (2) they may have their specific

ability for performing the one particular task fatigued, and their ability
for performing other tasks not affected in the same degree.

If the former were the correct view that is, if susceptibility to fatigue
were general every task performed should show a correspondingly large

fatigue effect, and the correlation between all the different tests after the

same continuous work should be high and positive, but we have seen in

Tables 35-38 that the average correlation is approximately zero. There-

fore we are forced to accept the second explanation as being the true one,

for, on this view, there would riot necessarily be any correlation between
the different tests. Fatigitability is then different for each subject, and

susceptibility for fatigue is specific and not general.

II. Production of Fatigue.

Specific fatigue in the tests is most simply explained by the production
of specific fatigue in the continuous work, but it is also possible that, if

fatigue were general, it should affect specific powers differentially that

is to say, a subject, whose power of multiplying deteriorates owing to the

general fatigue of all his powers, may not deteriorate to the same extent

in, say, memorising or dotting ; and, therefore, there may be no correla-

tion between the deteriorations in these three tests.

That a general cause should have specific effects is not contrary to

experience. In the administration of chloroform, for example, certain

cortical areas are more readily affected than others, and cease functioning

first, causing a gradual reduction of consciousness until unconsciousness

ensues. 1 In the same way a general failure or loss of mental energy
due to prolonged mental work might affect some specific structures in

a greater degree than others; and, consequently, there may be no
correlation between the effects of this loss of energy upon different tests.

Thus, we maintain, a fatigue which is quite specific may be due to a

cause which is quite general.

If fatigue is produced generally rjid not specifically, Tables 42-48

should satisfy the equation
1
" = where a, b, p, and q are different

Fbp 1'bq

1 See Johnston, H. J. The Role of Sensations and Feelings under Ether. Jour.
Abnor. Psych. Vol. 4, 1909, p. 29. Jones, E. E. The Waning of Consciousness

under Chloroform. Psych. Rev. Vol. 16, 1909, p. 53. Jacobson, E. Conscious-

ness under Anaesthetics. Amer. Jour. Psych. Vol. 22, 1911, p. 333-
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tests. 1 We have shown above that the correlations in these tables have
a very high average value indeed when corrected for low reliability, and
that they tend to approach the same value ; therefore they will satisfy
this equation. Of course, the number of coefficients in each of these

tables is too small to place much reliance upon such a result if it were
not supported by other facts

;
but they give a negative support to the

view that fatigue is produced generally by not contradicting this necessary
condition of generality.

A much stronger argument in favour of general production is given

by the extremely high corrected values in these tables, which show the

correlations between the depreciations in the same test after different

kinds of continuous work. These values arc quite incompatible with

the specific theory of the production of fatigue, by which we mean that

theory which holds that the fatigue incurred in doing a particular task

is specific to that task, and has no influence upon succeeding different

tasks. That the depreciations in each test should correlate highly after

such divers kinds of continuous work as multiplication, memorising
numbers, cancellation, and physical drill, clearly indicates that fatigue
is produced generally, unless the different continuous tasks contained large
common factors, in which case the correlation would be due to specific

fatigue. It is quite contrary to general psychological experience to

expect any definitely marked common factors in two such tasks as

memorising numbers and doing physical exercises. In the work done
on general ability,

2 tasks had to be very much alike, such as memorising
numbers and memorising words, or cancelling two letters and cancelling
four letters, before any specific factor became appreciable. Further,
if there existed a high specific community between such different tasks

as those we have named, we should expect to find high correlation co-

efficients in Tables 35-38, because, on this assumption, the common
specific elements in any two tasks, however apparently different, would

give a high positive correlation after the same fatiguing work, but we
have seen that, in these tables, the average correlation is approximately
zero. Therefore, from these considerations we conclude that fat'gue
is quite general in its production.

For the reasons given in this section we are forced to the rather

unanticipated conclusion that fatigue is produced generally, but trans-

ferred specifically.

It will now be necessary to compare the results gained in this part of
our investigation with those obtained in Part I.

In Part I we found that when the two tasks, multiplication and can-
cellation were alternated, a period of the latter, in its influence upon the

succeeding period of multiplication, had not the same effect as a rest of

equal duration as would be the case if fatigue were absolutely specific,
but was equivalent to a period of multiplication. That is to say, a

period of cancellation and a period of multiplication both have an adverse

effect, not necessarily of the same magnitude, upon either multiplication
or cancellation. From this we concluded that fatigue was general and
not specific. A brief consideration will show that this conclusion is in

complete agreement with the results obtained in this part of our research,

viz., that fatigue is produced generally and transferred specifically. In

1 See Hart and Spearman. General Ability. Brit. Jour. Psych. Vol. 5. 1912,
p. 58. Abelson. Mental Ability of Backward Children. Brit. Jour. Psych.
Vol. 4, 1911. p. 298.

2 See Works of Hart and Spearman, Bart and Abelson on this subject.
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Part I we were investigating the effects of two different tasks, cancella-
tion and multiplication, upon efficiency in either cancellation or multi-

plication, i.e., the effect of the fatigue induced by two different tasks

upon the same task. It is evident that we are here dealing with the

production of fatigue the continuous work varies but the task remains
constant not with its transference from one kind of continuous work to

several tests as in Part II of this research. The results of Part I could

only be true if fatigue is produced generally, as both multiplication and
cancellation have a similar effect upon either multiplication or can-
cellation

;
and this condition we also find necessary in Part II to explain

the high average correlation between the depreciations in the same test

after various kinds of continuous work.

The question now arises whether we can draw any conclusions from
these results which will have a practical bearing upon education. Is a

change of task as good as a rest? No doubt a change of task has an

important influence upon the pupils' willingness to work, but does it

really increase the pupils' ability to work? After, say, forty-five minutes

algebra, in the course of which some fatigue must be induced, is the

ability for assimilating history unfatigued?

In the light of the results gained in this research, we answer emphati-
cally that a change of task is not as good as a rest, but it may be better

than no change of task at all, or than an inadequate rest. If, as we
have tried to prove, fatigue is produced generally, then every task wi'l

be affected by the fatigue incurred in the preceding task, but not neces-

sarily to the same extent. In Table 33 we have seen that all the tests

do not show the same loss in efficiency, unless, indeed, as may be quite

possible, the fatigue coefficients in two tests are not strictly comparable ;

for it is a very debatable point whether in two tests which show the same

fatigue .coefficients, the loss in ability is the same. Objectively the

comparison is easy, but it is questionable whether the same objective
facts correspond to the same subjective conditions. If we interpret
our results objectively, the effect of 90 minutes multiplication does not
affect all the succeeding tests equally. The intervening rests cannot

wholly account for the differences, lor, if they did, the fatigue coefficients

should decrease continuously irom the top to the bottom of each column
;

for the last test has a much larger amount of rest preceding it than any
of the earlier tests. It will be seen that the last test, dotting, suffers

more than most of the others, from the adverse effects of the continuous

work. No doubt, if no rest at all were allowed, the fatigue coefficients

would all tend to be higher than they are. Therefore, if no rests can be

given between lessons, it would seem possible theoretically to so arrange
the time-table of lessons so that the average adverse effect of each lesson

upon its successor would be a minimum. That is to say, if history
tended to be but slightly affected by the fatigue due to mathematics,
and English was greatly affected by the same subject, it would be better

ior history rather than English to follow mathematics. When we come
to consider this question from the point of view of the individual pupil,
the complexity increases, for we have seen that fatiguability is strictly

specific ; and if one pupil is affected in English more than in any other

subject by the fatigue due to mathematics, another may find this same
effect least. The only solution would seem to be the utilitarian one of

taking the average effect upon all the pup' Is, or letting the majority
decide. Whether this theoretical scheme is capable of being applied

practically is for the educationalist to decide.
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If rests on !>< i^ivrn after each lesson, what is the m<> utageous
length of rest? The graph of the curve of recovery, Fig.- 8, can thiow
some light on the answer to this question. We have seen on page
that the results of Part I support the view that not only is fatigue pro-
duced generally, but also that incitement is general; and that a rest,

therefore, abolishes the positive effect of incitement at the same time as

it abolishes the negative effect of fatigue. From Fig. 8 we see that
after one minute of hard mental work, the most advantageous short rest

is one of about 30 seconds, because with such a rest, not only is much of

the fatigue abolished, but much of the incitement is conserved. This

length of rest seems also to be the most advantageous short rest when
the period of work is increased to 4 minutes. Whether such a short

rest would stiJJ be relatively most advantageous when the period of
work is increased to 45 or 60 minutes, these results can give no answer ;

but the probability is, as this rest is relatively most advantageous after

work-periods of i, 2, 3, and 4 minutes, it would continue so for work-

periods very much longer than these, and possibly for work-periods of

60 minutes.

Fatiguabilily, Improvability, and Ability.

The Kraepelin school, notably Lindley,
1 and Cron and Kraepelin,

2

have found a tendency for improvability to be associated with fatigu-

ability ; but the number ot subjects in each case has been small. Wimms3

has found a considerable inverse relationship between retentivity of

practice and fatiguability in his experiments upon twelve boys, but
found no correlation between improvability and fatiguability.

To see what relation, if any, exists between fatiguability, improv-
ability, and ability, with the forty-two subjects of this research, we
have calculated the correlation coefficients between each pair, the
results of which are given in Table 51.

TABLE 51. Correlations between fatiguability, improvability, andabil ty.

In the second and third columns, the figures in brackets are for

the improvability relative to the score on the last day.
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The coefficient of fatigue is that used throughout this part of the

present work. The coefficient of absolute improvability has been
found by calculating the practice effect for the six days the experiment
lasted, and the relative improvability coefficient has been obtained by
expressing the absolute improvability coefficient as a fraction of the

performance on the last day, before any fatiguing work was done. The
scores for ability were those of the first day of the experiment before the
continuous work was done.

The correlation which is just three times the probable error is -28.

Between fatiguability and ability there is no definite correlation ; the

average coefficient is only -12 with a probable error of -04. Between

fatiguability and improvability also there is no appreciable correlation.

Between ability and absolute improvability there seems to be a definite

relationship. The average correlation for all the tests is -37, which is

more than four times the probable error of the correlation coefficient,

which is -084, while the probable error of the average itself is -02. The
coefficients between relative improvability and ability are not quite so

high, and one of them, multiplication, is negative. This was the only
test with which the subjects were, to any degree, familiar before the

experiment commenced, and, therefore, the improvability coefficients

of this test might not be strictly comparable with the corresponding
coefficients of the other six tests, which were relatively novel. The

subjects were probably much more advanced in practice in this test

than in any of the others. However, the average correlation of all the

tests is -.23, which is less than three times the probable error ; and,

therefore, gives very little evidence of any definite relationship between
relative improvability and ability, although the kct that all the co-

efficients except one are positive, and two are over five times their

probable errors, leads us to infer that there miy be some association

between the two.

To sum up, we can say that, between fatiguatility and ability, and
between fatiguability and .'morovability, we find no evidence of any
association. Between ability and absolute improvability there is

substantial evidence of a definite relationship ; but between ability and
relative improvability there is only a slight probability of any
association.

Summary of Part II.

1. In investigating the facts of fatigue, a preliminary practice period
is a necessity, not only to enable the experimenter to estimate and control

the effects of practice, but also to eliminate as far as possible the variable

and arbitrary effects of unaccustomed tasks and surroundings.

2. Subjective estimates of the subjects' state of fatigue do not corre-

spond to any great extent with the objective results as exemplified in

the losses of efficiency with prolonged mental work. The subjected
estimates after the three kinds of continuous mental work show some

degree of correlation with one another, but subjective fatiguability after

muscu'ar work is not associated with subjective fatiguability after any
of the mental tasks.

3. Prolonged mental work has an adverse effect upon succeeding
mental work, either of the same or of a different kind

;
but this effect
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is not apparent afu-r prolonged muscu'ar work. Mental \vork seems
to have no appreciable adverse effect upon succeeding muscular work,
as exemplified in tapping.

4. There is no correlation between the depreciations in different tasks

caused by the same fatiguing work that is to say, fatigue is transferred

specifically and not generally. This explains the diversity of the results

met with in experiments upon fatigue, where the degree of fatigue
induced by a certain task is calculated by its effects upon a succeeding
different task. This procedure is tantamount to assuming that fatigue
is transferred generally.

Not only is there no correlation between the depreciations in different

tasks after the same fatiguing work, but the depreciations in the fatiguing
work itself do not correlate to any appreciable extent with the deprecia-
tions in the succeeding tasks.

5. The correlations between the depreciations in the same task after

fatiguing work of different kinds are highly positive that is to say, each

subject is affected in a similar degree, relative to the othci subjects, in

any one task after every kind of work. Muscular work has the same
effect as mental work upon the same task. From this result we infer

that fatigue is produced generally, although it is transferred specifically.

6. With these subjects we find no evidence of any relationship between

fatiguability and ability, or between fatiguability and improvability.
There is a tendency, howe^ er, for ability to be associated with improv-
ability.
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Part III. The Work Curve, and the Curve of

Recovery from Fatigue.

1. The Work Curve.

The aim of this part of the present investigation was to determine the

shape of the work curve under certain conditions. This subject has

been extensively studied in Germany, particularly in Kr. epelin's labora-

tory, and also in America, notably by Thorndike. The work-period
almost invariably used has been one of 5 minutes.' It seemed to us

desirable that some work should be done to see the effect of shorter

work-periods upon the curve of work. This question has already been

touched upon by Chapman
1

. The work of this investigator differs from

previous work in that he has used 2-minute work-periods, and has

employed a much larger number of subjects, viz., 46 men. The task

was the addition of columns of 10 on -place numbers for two lo-minute

periods on each of five days. The curve was then constructed from these

460 measurements. It showed that for the first four minutes the loss

of efficiency was very marked. This fall became gradually less abrupt,
until, after ten minutes, the curve ha'd become almost horizontal. The
most striking characteristic of the curve is its regularity, showing that,

with a large number of subjects, or with a large number of measurements
from the same subject, the individual variations are obliterated, and
the .common characteristics of the curve become evident.

Our own Experiments.

In these experiments we have used the four subjects who had done
the work described in Part i. They were at the limit of practice in

cancellation, which was the task used. The Work-period was I minute,
and the matter to be cancelled was the same as that described in Part I

of this research. The test lasted for 20 minutes, and was done by
each of the subjects on 45 days. At a given signal at the end of each

minute the subjects commenced a new line. Thus in every period,

except the first, some time was lost in changing from one line to the

next. To place the first period on the same level as the others, ten

seconds practice was given before the first period, at the beginning of

which the subjeQts commenced a new line. Thus in each period, a

certain amount of time, which we presume to be constant, was lost in

changing from one line to the next. Another potential source of

error was the time lost in changing to a new sheet when one sheet was

completed. Each subject used about four sheets in the 20 minutes.

As the subjects were at the limit of practice, if the -work were always
commenced at the top line of the. sheet, the change from one sheet to

the next would tend to always occur in the same period, and would
make the scores for this period lower than would otherwise be the case.

To obviate this error, the work was co nmenced a line further down the

sheet each day. As the sheets contained 30 lines, on the 30th day-of the

experiment the subjects commenced work on the last line of the sheet.

Thence each day the starting po'nt was advanced two lines each day,

covering the page in 15 days, and co upleting the 45 days of the experi-
ment. This method of procedure would el minate, also, any effects of

very difficult or very easy lines always falling in the same period. The
incentives to work at maximum pressure were the same as in the preceding

1 Chapman, J. C. A Study of Initial Spurt in the case of Addition. Jour. Ed-

Psych. Vol. 6, 1915, p. 419.



Fig. 35. Work-Curve for Cancellation in one -minute Per/acts

Average of 180 Measurements
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parts of this research. Th-: scores aiv tfiviii in T i>'c 52. Each
number in this table is the total score fo; th four subjects, in

<mr minute of work. In marking, one mark was given for each let in-

correctly cancelled, and one mark deducted for each letter wrongly
cancelled. The curve constructed fron these results is given in Fig. 35.
In Fig. 36 we give the curve representing the same scores arranged in

2-minute periods, and in Fig. 37 Chapman's curve of addition for 2-minute

periods is reproduced.
In Fig. 35 we find that the work curve for cancellation in i -minute

periods is fairly regular, and roughly corresponds with Chapman's curve
for addition. The curve falls very rapidly at first, then more gradually,
and finally, after about 12 minutes work, it becomes horizontal and
continues so.

TABLE 52. Scores in minute-periods. Cancellation.

Days.
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TABLE 52. S:ores in minute-periods. Cancellation continued.

Days.
II 12 13

M'nutes.

14 ; 15 16 17 18 19 i 20

I



Fig. 38. Work-Curve forSubject I.

Fig. 39. Work-Curve for Subject2
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Fig. 4O Work Curve for Subject 3

n

Fig.
41 Work Curve forSubject 4.
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which is almost regular, and shows a remarkable resemblance to Chap-
man's curve given in Fig. 37. The curve in Fig. 36 becomes horizontal

after about 12 minutes work, and if Chapman's curve were continued
we should expect it to become horizontal in approximately the same
time. It must be remembered that for these two curves absolutely
different work was used. Chapman used addition while we have used
cancellation. Evidently using 2-minute work-periods swemps this

minimum point at two minutes, if indeed, it has significance.

In Figs. 38 41, we have ghen the individual work-curves of each sub-

ject, i.e., each curve is the average of 45 measurements for the sa.m^

subject. It will be seen that this m:n :mum point is distinctly marked
in all four, which materially strengthens the supposition that the point
has significance. We can produce further evidence by calculation.

The difference in the mean scores for the second and third minutes is 7-0,
the means being respectively 399-2 and 406-2 (see Table 52). We can

easily calculate the probable error of the difference between these two
means. Frcm Table 52 it can be seen that there is no practice effect.

The subjects were at the limit of practice, and the scores for the last days
of the series are no higher than those of the first days. Therefore the

probable error of the difference of the means is given by the formula,

.

V n

where
"
c
l

"
and

"
c2

"
are the msan square deviations; "n" the

number of measurements in each column, and "
r
"

the correlation

between the columns.

Working out, this probable error is found to be 2-5. Comparing this

with the difference of the means, 7-0, we see that the latter is hardly
three times its probable error, and therefore this result gives no proof
that the point in question is significant, although there is some degree
of probability of its being so. There are about twelve chances to one

against obtaining a difference bearing this ratio to its probable error

purely as a result of random errors.

Further evidence bearing on this question can be obtained from the
results given in Part I of this research. In that part subjects did five

minutes multiplication and five minutes cancellation every day, some-
times in i-minute periods and sometimes in J-minute periods. We have
constructed Tables 53 and 54 for the multiplication and cancellation

scores respectively.

TABLE 53. Total scores for 5 minutes multiplication, in minute periods.

Thirty-five subjects each did -the test twenty times.

ist min. 2nd min. 3rd min. 4th min. 5th min.

Scores ... 26,375 22,886 23,100 23,077 22,930

TABLE 54. Total scores for 5 minutes cancellation, in minute periods.

Thirty-five subjects each did the test five times.

ist min. 2nd min. 3rd min. 4th min. 5th min.

Scores ... 6,147 5,925 5>983 6,058 5,852

In Tables 55 and 56 are given the scores for 5 minutes multiplication,

using shorter work-periods. In Table 55 the period used is 30 seconds,
and in Table 56 the period is 15 seconds.
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TABLE 55. Total scores for 5 minutes multiplication, in 30-sccond
periods. Thirty subjects each did the test ten times.

ist min. 2nd min. 3rd min. ^|th min. 5th min.

Scores ... 13,173 11,086 11,246 11,307 11,277

TABLE 56. Total scores for 5 m'nutes multiplication, in 15-second

periods. Four subjects each did the test ten times.

ist min. 2nd min. 3rd. min. 4th min. 5th min.

Scores ... 5,658 5,i8o 5,242 5,088 5,012

In Tables 53-56, graph, of which are given in Figs. 42-45, we have
two kinds of tasks, and three lengths of work-period, with all of which
the scores for the second minute are lower than those of the first or

third. There is no constant deterioration shown in efficiency, as we
have seen in the curve for 2-minute periods. Moreover, all the work
curves which we have been able to obtain from our data have been

given. The curves given are not selected because they happen to

bear out a particular theory or support a particular fact. It is highly

improbable that eight independent curves, differing both as to the length
of the work-period as well as the task performed, should each show
the same result merely as the result of chance. Therefore, although
the mathematical evidence is inconclusive, though favourable, on this

point, wre contend that there is a high degree of probability that a mini-

mum point occurs on the work curve at the ordinate representing the

amount of work done in the second minute. With work-periods longer
than one minute, this minimum point becomes swamped.

The Individual Curves.

The individual curves for 20 minutes cancellation are given in Figs.

38-41, and it will be seen that they roughly corroborate the average
results given in Fig. 35. Owing to the smaller number of measurements,
the graphs are not so regular in Figs. 38-41 as in the latter. In Fig. 38
the horizontal phase seems to be reached after about ten minutes

; in

Fig. 39 after about eleven minutes, but in Fig. 41 there is no horizontal

phase apparent. In Fig. 40 the curve becomes horizontal somewhat
earlier, about seven or eight minutes. None of these graphs are regular

enough for us to say definitely whether the initial point of the horizontal

phase depends upon the individual or not. The random variations are

too great.
'

In Figs. 46-49 are given the same curves arranged in 2-mmute

periods. It will be noticed that the minimum point at two minutes has
now disappeared, but the variations are still too great to admit of a

detailed comparison with Fig. 36, the average curve. There are marked
individual differences between the subjects re-arcing the loss in

efficiency due to 20 minutes cancellation. The average losses for each

subject, found by comparing the work done in the first minute with the

average amount done in the last six minutes, when the curve has reached

its horizontal phase, are 3-5 per cent., 7-2 per cent., 3-4 per cent., and

9-7 per cent, respectively.

Effect q/ Different Tasks on the Shape oj the Work Curve.

Though the shape of the work curve obtained varies according to the

length of the work-period, yet it does not seem to depend upon the

nature of the task performed. Using work-periods of 2 minutes, we
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have seen that Chapman's curve of addition is pivrix-ly similar in shape
to our curve of cancellation. In both of tlu-in the fatigue effect is confined

to the first 12 minutes. Further work does not result in a further

loss in efficiency. This would account, in part, for the unsatisfactory
work curves obtained by the Kra. pelin school, with the use of 5-minute

periods. Using periods of such a length would confine the fatigue effect

to the first three points on the graph.

As a means of testing still further whether this characteristic shape
was independent of the task, one subject, at the limit of practice, did, on
four days, 20 minutes

'

continuous dotting. The conditions were the

same as those specified for this test in Part II of this research. The
machine was set at a constant speed, at which 125 dots passed
the slot in one minute. This speed was fast enough to prevent the

subject hitting the inner ring every time, and slow enough for him
not to always miss both rings. Thus the subject had to aim at

2,500 dots in each 2o-minute test. The marking was not the

same as in the previous work, For convenience in adding up the

scores, no marks were given for a dot within the inner ring, one
mark if on the inner ring, two marks if between the two rings, three

if on the outer ring, and four if outside the outer ring. The scores

were then calculated for each hundred dots, and a graph made which
will be comparable with the graphs of the other tasks for minute periods.

Similarly, the graph constructed for the scores of each two hundred dots

will be comparable with the graphs of the other tasks for 2-minute periods t

as well as with Chapman's curve of addition. These two curves are given
in Figs. 50 and 51. Owing to the small number of performances we do
not get a smooth curve in either figure, but both roughly corroborate

the curves for other tasks (See Figs. 35-37). Both fall rapidly
at first, then more gradually, and, finally, become parallel to the

horizontal axis. This horizontal phase in Fig. 50 begins at about
the abscissa marked 1,600 dots that is to say, after about 12

minutes work. It is surprising that in all three kinds of work

adding, cancelling, and dotting -this horizontal phase commences

after approximately the same duration oj work. It will be remembered
that the subjects were always instructed to work at maximum
speed, and it may be that when working at maximum pressure,

upon no matter what kind of work, the point at which the work curve
becomes horizontal is a constant. At any rate, it seems evident that

when working at maximum speed the work curve is of constant shape,
and there is a strong probability that the horizontal phase begins after

a definite interval of time. It will, perhaps, be interesting to investigate
still further this horizontal phase of the work curve. Is its depression
below the initial point constant for all subjects, and for all tasks, or does
its depression depend upon the individual, or upon the task, or upon
both ? The losses in efficiency for the four subjects, found by comparing
the average amount of work done per minute in the last six minutes,
when the average work curve is horizontal, with the -amount done in the
iirst minute, are 3-5 per cent., 7-2 per cent., 3-4 per cent., and 9-7 per
cent, respectively. This result indicates that the depression of the
horizontal phase of the curve, below the initial point, varies with the
individual. The subject who is most fatiguable in this test shows a loss

in efficiency of almost three times the amount shown by the subject
who is the least fatiguable of the four. If we take the average amount
of work done in the first minute as representing the subject's ability for



MENTAL FATIGUE.

cancellation, and compare this with the fatiguability coefficients given
above, we can see that there is a distinct inverse correlation between
the two. These results are placed side by side in Table 57.

TABLE 57^ Cancellation. Fatiguability compared with ability.

Subject.
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TABLE 58. Losses in efficiency of different tasks, for one subject, at the

limit of practice.

Tests.



y4 MENTAL FATIGUE.

we have given the curve of work, with work-periods of I minute. In

Fig. 8 fatigue is viewed positively i.e., a fall in the curve represents
a diminution of fatigue or an increase in efficiency. In the work curve,

Fig. 35, we look at fatigue from a negative point of view. A fall in the
curve represents a gain of fatigue or a loss in efficiency. By turning
either graph through 180 deg. round the horizontal axis, we can change
our viewpoint. In Fig. 8 fatigue would then be viewed negatively, and
in Fig. 35 positively. For convenience in making a comparison we have
considered fatigue positively in one graph and negatively in the other.

We have already stated our reasons for believing that the work curve has
a minimum point at the ordinate marked "

2 minutes." If this is so

in fact, we are struck with the remarkable similarity in shape between
the work curve the graph of the onset of fatigue and the graph of

recovery from fatigue by rest. Both descend very rapidly at first to a

minimum point, then rising to a maximum point, which is considerably
lower than the initial point of each curve. Thence the descent is less

rapid, and the curves gradually assume a horizontal line parallel to the
horizontal axis. In Fig. 54 we give a hypothetical curve illustrating the
onset of, and the recovery from, fatigue. The curve from A to X gives
the loss of efficiency through continuous work. The efficiency of th e
work is here considered positively and the fatigue incurred, therefore

negatively. At X the subject has stopped working, and the curve from
X to B represents his gain in efficiency through rest, fatigue still being
viewed negatively as a loss in efficiency. The part of the curve contained

between X and B will be much greater in extent than that part between
A and X, for we have seen that recovery from fatigue is much slower than
its onset. With the subjects described in Part I, we saw that a rest of

4 minutes was just sufficient to eliminate the effects of i minute of work,
and that a rest of 16 minutes was insufficient to abolish entirely the

effects of 4 minutes' work; while, on the other hand, after continuous

work of about 12 minutes' duration, the work curve had become horizon-

tal. Apparently after 12 minutes' work at maximum effort a rest very
much longer than 12 minutes would be necessary to obviate completely
its effects. But concerning the general shape of the curves of fatigue
and recovery, we can say that each is the same shape as the other, revolved

round the horizontal axis 180 deg. Being similar in shape, an analysis
of one will correspond precisely with an analysis of the other.

We can find strong support from chemistry and physics that the

shape of the curve of recovery from fatigue should be the same shape
as the work curve, but in a different position. At a first glance one

might expect each 'curve to be the same shape as the reflection of the

other in a mirror, but further consideration will show that this cannot
be possible. Let us take, for example, a reversible chemical reaction,

when the system is in equilibrium i.e., when the velocity of the re-

action in one direction is equal to its velocity in the opposite direction.

The example of a reversible chemical reaction often given is

Alcohol + acetic acid 7 ethyl acetate + water.

When in equilibrium some of each of these reacting components exist

beside each other. Now, suppose that we increase the amount of the

components on the left-hand side of the equation. Immediately the

equilibrium is disturbed, and chemical action ensues from the left to the

right side of the equation. We are assuming all through that the tempera-
ture is kept constant. The velocity of this chemical action will be

greatest at first because the preponderance of the left-hand side products
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will be greatest at first, and will gradually decrease as tli-.-r products
are changed into tin- ri.nlit-hand side products. Therefore the velocity
of the total change will be greatest at first, and will gradually decrease

until a new position of equilibrium is established. If now, after this

new position of equilibrium is taken up, the reaction products on the

right-hand side of the equation are suddenly increased, we get the same
reaction over again, but in an opposite direction. But the graphs repre-

senting these changes in the velocity of the total reaction are not mirror

curves. They are of the same shape, but in different positions. This

is evident at once from the fact that at the beginning of each disturbance

of equilibrium is the velocity of the reaction greatest. A graphical

representation of such a condition as we have described is given in Fig. 55,
The slope of each curve must be steepest immediately after the disturbance

of equilibrium.

In mental activity we have assimilation and dissimilation going on in

the cortex of the brain, and these two processes correspond to the two
sides of the reversible chemical reaction. If assimilation goes on at a

faster rate than dissimilation we get an increase in efficiency; but, on
the other hand, if the velocity of dissimilation is greater than the velocity
of assimilation, we get a loss of efficiency the fatigue effect. In a state

of rest we get equilibrium between the two processes i.e., the rate of

assimilation is equal to rate of dissimilation. But if we disturb this

condition of equilibrium by commencing to do a severe mental task,

we immediately have a change in the rates at which these two processes

proceed. Dissimilation now goes on at a greater rate than assimilation,
the efficiency decreases, and the work curve falls, at first steeply and then

more gradually until, after about 12 minutes, a new position of equilib-
rium is assumed. The work curve is now horizontal. If, at this point, we
suddenly cease work we get a change in the opposite direction. Assimi-

lation has now a greater velocity than dissimilation, and the efficiency

increases, rapidly at first, then more gradually, until the old position of

equilibrium is regained. There is a strict correspondence between the

chemical reaction and what we may call the physiological reaction..

And one would not expect otherwise than that their curves should be
of similar shape. Thus chemistry supplies us with strong evidence in

favour of the view that the work curve and the curve of recovery from

fatigue are the same shape, and that they cannot possibly be
"
mirror

"

-curves.

If the work curve is the same shape as the curve of recovery, revolved

round the horizontal axis 180 dcg., it helps us to explain the relative

minimum point on the work-curve at the ordinate marked 2 minutes,
when the work-period is I minute. The occurrence of this niiriiinum.

point here has the appearance of being due to an emotional or conativ<:

effect. The subject, although meaning to work at maximum pressure
the whole time, makes a great spurt for the first minute, but then Jets

his effort gradually decline. Immediately this slackening-off is noticed
another spurt is made, and we get the relative minimum point on the
work curve. If this is the explanation of this minimum point, it is

extremely strange that it should happen after the same interval of time
with all the subjects. Why should it appear at 2 minutes rather than

3 minutes or 4 minutes ? On the curve of recovery from fatigue we get
a corresponding point, viz., between the ordinates representing 15 seconds
and 30 seconds rest, and this cannot be due to spurts, as the work was
not continuous, but was interrupted by the interpolated rests. If, as we
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have tried to prove, the curve of recovery from fatigue must necessarily
be of the same shape as the work curve, similar points on the curves
must be due to similar conditions. If the point on the curve of recovery
corresponding to this minimum point on the work curve is not due to

an emotional or conative effect, then the minimum point itself is not
due to an emotional or conative effect. So far our consideration of this

point has not given any positive result. It has put out of court one

possible explanation of this minimum point, viz., that it is an emotional
or conative effect, but has given us no positive information regarding
its cause.

la attempting to give a theory of fat'gie, wj shall show on p gi 100,

that the rate of fall of the work curve depends upon the excess of the

rate of dissimilation over the rate of assimilation ;
and that, within limits,

the rate of dissimilation depends upon the rate of assimilation, for these

two processes correspond to the two sides of a reversible chemical reaction.

If, then, these two processes are in equilibrium, and a mental task is

done, immediately dissimilation becomes greater than assimilation, and
the work curve drops. Shortly afterwards the work curve rises, showing
that now assimilation is greater than dissimilation. The cause of this

seems to be that the assimilative process has a considerable latent period.
It is slow in working up to its maximum rate. If it could take up its

maximum rate immediately the dissimilative process commenced, the

work curve would decline the whole way, for then dissimilation would

always be greater than assimilation until the horizontal phase was

reached, when both would be equal. But it seems that the assimilative

process reaches its maximum some time after the dissimilative process
has commenced, and here temporarily the former has a greater velocity
than the latter, and gives rise to the relative minimum point on the work
curve at the ordinate representing 2 minutes' work.

Analysis of the Curve of Recovery from Fatigue.

In attempting an analysis of the curve of recovery from fatigue, we
shall call, as before, all those influences which tend to increase efficiency,

the incitement effect, and all those influences which tend to decrease

efficiency, the fatigue effect. In making this analysis, we shall be guided

by the following considerations :

(1) That the combination of the component curves of incitement and

fatigue must give the curve being analysed.

(2) A simple curve is to be preferred to one more complex, provided
it fits the facts.

- (3) There must be neither relative maximum or minimum points
on either component i.e., the fatigue curve must show a continuous fall,

and the incitement curve a continuous rise; for on our definition of

fatigue and incitement effects given above, the former cannot cause an

increase in efficiency, while the latter cannot cause a decrease in

-efficiency.

In Fig. 56, A is the curve of recovery from fatigue, in which
the fatigue effect is viewed positively, B is the component curve of the

loss of the incitement effect, and C the component curve of the loss of the

fatigue effect. Curve A is the reproduction to a different scale of Fig. 8.

Curves B and C are the simplest curves, which, when combined, will

give the required curve of recovery. The shape of the resultant curve A,
taken in conjunction with the three guides given above, provides the
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foundation on which to base our analysis. The fact that, at first, i In-

curve A falls shows that here the loss of fatigue is greater than the loss

of incitement; or, in other words, the loss of fatigue through a short

rest causes a rise in efficiency which is greater than the decrease in

efficiency caused by the loss of incitement due to the same rest. The
whole resultant curve is the effect of these two opposite influences, tin;

loss of fatigue causing an increase in efficiency, and the loss of incitement

causing a decrease in efficiency. The shape o*f the resultant curve is

the result of the difference in the rates at which these two losses proceed.
After slightly more than 30 seconds this state of things is reversed.

Now the loss of incitement proceeds at a greater rate than the loss of

fatigue, and therefore the resultant curve A rises, and reaches its maximum
with a rest of approximately ij minutes. Thenceforward we find that

the curve of recovery very gradually descends, until with rests of 4
minutes and longer it becomes horizontal. In this third stage, then,
the loss of fatigue again proceeds at a greater rate than the loss of incite-

ment, and continues to do so until both have entirely disappeared. At
this stage both component curves either meet on the resultant curve
or else run parallel with it at equal distances from it. These two com-

ponent curves of fatigue and incitement fulfil all the conditions specified
above. When combined, they give the resultant curve of recovery from

fatigue. They are both curves of the first order, and there are no turning

points on either.

A similar argument applies to the analysis m
of the -work curve the

graph of the onset of fatigue caused by continuous work. The component
curves given in Fig, 56 will, therefore, serve for the analysis of either

the curve of the loss of efficiency through continuous work, or the loss of

fatigue and incitement due to rest.

Summary of Part III.

1. The work curve using work-periods of I or 2 minutes has a constant

shape, which is independent alike of the task and the subject who does

the task. The constant shape only becomes apparent with a large
number of independent measurements owing to tie influence of random
errors, Using work periods of 5 minutes or more has the effect of

obliteiating important points which give the curve this characteristic

shape.

The work curve falls abruptly at first, then more gradually, and finaHy
becomes horizontal, and remains so up to the twentieth minute of work
at least. There is also evidence to show that the work curve, using
i-minute peroids, has a minimum point at the second minute of work.

This is apparent with both multiplication and cancellation. With the

three tasks used, the horizontal phase begins after approximately
12 minutes of work at maximum effort. The data of this research point
to the fact that the depression of the horizontal stage of the curve below
the initial point is dependent upon the nature of the task.

Lehmann has shown that, for muscular work, the rate of working
determines the depression of this horizontal phase.

2. The curve of recovery from fatigue is similar in shape to the work
curve, using i-minute periods. That these two curves should be similar

in shape receives strong support from corresponding curves of the velocity
of a chemical reaction. Either curve can be resolved into its component
curves of incitement and fatigue.

D
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Part IV. Theoretical.

A Theory of Fatigue.

In endeavouring to give a theory of fatigue and incitement, we must
have in mind three or four main principles. Our theory, if possible,
must depend upon established facts or accepted theories or be deduced
from them by analogy. Secondly, it must explain all the facts. Thirdly,
it must not conflict with facts or with existing known laws. It must
also be as simple as is consistent with the explanation of the facts. Any
theory is better than none at all, and of two theories which explain the

experimental results, the simpler is to be preferred to the more complex.

Chemical.

In the chemical laws of mass action we find a basis for a psychological
theory of fatigue. Let us take, for example, a reversible chemical

equation such as the following
1

:

C 2 H5 OH + CH3 C02 H ^ CH3 CO2 C2 H5 + H
2O.

Alcohol, Acetic acid, Ethyl acetate, Water.

That is, i mol. alcohol and i mol. acetic acid combine to form i mol. ethyl
acetate and i mol. water, or i mol. ethyl acetate and i mol. water combine
to form i mol. alcohol and i mol. acetic acid. The action proceeds from

right to left or from left to right, according as there is an excess of the

right or left hand reaction products. After a time a state of equilibrium
is reached, such that some of all four reaction products can exist beside
each other. This state of equilibrium is not static but dynamic. It

does not mean that not further chemical action ensues, but that the

change from right to left balances the change from left to right, and
continues to do so.

The velocity of the reaction from right to left is give^i by the equation
V = KCi C2 (

2
) where K is a temperature constant and C1 and C2 are

the concentrations of the reacting compounds. Similarly the velocity
of the reaction from left to right is given by the equation V1 = K1 QQ,
where K 1

, C}, and Q have similar meanings. We cannot observe either

V or V1 alone ; any observations upon the velocity of the reaction deal

with the -difference of the two velocities, i.e., V t^j V1
. When the state

of equilibrium is reached, V and V 1 are not zero but V = V1
, the velocity

of the change from right to left equals the velocity of the change from
left to right.

Physiological.

All bodily activity involves chemical action. Alimentation provides
the raw materials for building up the chemical structures destroyed by
activity, while excretion removes the waste products of the chemical

action. Assimilation is the building up of chemical compounds as

storehouses of energy, while dissimilation is the breaking down of these

compounds, thereby setting free the stored energy. Assimilation and
dissimilation are at work whenever there is bodily activity, and can be

considered as the two sides of a reversible chemical reaction. If > 1,A

T Xernst. Theoretical Chem. trans, by lizard, p. 441.
2 Xernst. Theoretical Chem. trans, by Tizard. p. 443.
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i.e., if dissimilation goes on at .1 faster rali- Hum assimilation \v- i;d lh>

state known as fatigue. If = 1 we get a state of equilibrium. Dis-
A

similation and assimilation are not then zero, but the rate of dissimilation

equals the rate of assimilation, thus causing the state of equilibrium.
In muscle activity the chid' dissimilation product is lactic acid. If

lactic acid accumulates, the muscle is fatigued and its output of work
decreases. Injecting lactic acid into an unfatigued muscle at once

causes fatigue, which can be removed by washing out the acid.

Lehman1 has applied the laws of chemical mass action to the output
of work of a muscle or rather group of muscles. He investigated the

ergograms obtained with rests of different lengths between each con-

traction. In Fig. 7, page 75, which is reproduced here as Fig. 53,
he gives the curves of work obtained with the different rests.

It will be seen that each curve falls gradually until a point is reached

at which the curve ceases to fall further and becomes a horizontal line.

The shorter the interval of rest between two successive lifts, the lower
will the curve descend before becoming horizontal, and the sooner in

point of time will it assume this horizontal position.
Lehman's explanation of these facts is based on the laws of chemical

mass action. When the curve of work falls, -r- > 1, the rate of dissimi-

lation exceeds that of assimilation, but ultimately such a state is reached
as will make both dissimilation and assimilation equal, and the output
of work becomes constant. This state of the muscle he calls its adapta-
tion to stimulus. If V is the velocity of the chemcial change involved
in dissimilation and V 1 that in assimilation, when V -- V

l > O the curve
of work falls. Finally, as in every chemical reaction V V 1 O,
and the output of work becomes constant and remains so. The greater
the value of V V 1

, the greater the fatigue effect, and therefore the

sooner will the period of adaptation arrive. The value of (V - - V1
)

depends upon the rate at which the muscle work-, which determines
the rate of the chemical reaction.

Psychological.

The striking similarity of shape between Lehman's curves for the

output of work obtained by means of the ergograph, and the curves for

mental work obtained by Chapman, and by ourselves in this research,

suggests an extention of Lehman's theory so as to embrace mental as

well as muscular work.
The analogy between the production of muscular fatigue and mental

fatigue must not, uncritically, be pushed to extremes, for so far physio-
logy has not discovered in the brain any fatigue toxin corresponding to

lactic acid in the muscles. In the present state of our knowledge \\r

are inclined to look for the ultimate cause of mental fatigue in the failure

to produce, by assimilation, a sufficient amount of mental energy to

balance its dissipation by dissimilation. This ability for assimilation
does not seem to be constant for the individual, but to vary according
to the nature of the task, for we see on page 93 that the depression of
the horizontal stage of the work curve is not the same for all tasks.

Although we find in Table 33 that muscular work has a much smaller
effect upon succeeding mental tests than mental work, yet we see in

Tables 42-48 that the depreciations in the tests after muscular v, o:k

1 Lehman. Grundzuge der Psychophysiologie. Leipzig. 1912. Elites Buch.
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correlate highly with the depreciations in the same tests after mental
work. Evidently the whole of the fatigue induced by the muscular work
is not confined to the muscles themselves, but some of it, at any rate, is

cortical in origin, and so affects succeeding mental work.

Nor, on the^ other hand, does a chemical reaction adequately represent
the production of fatigue. In the former,- the reaction takes place
when and wherever the reaction products of either side of the equation
representing the reaction are in excess, and the rate of the reaction

depends upon this excess. This cannot be true of our mental life, or

else we should always be in a chronic state of fatigue, for there must
be some provision for laying by a store of energy in case of emergency.
Dissimilation depends in the first place upon the will. We can con-

sciously control its rate within certain limits. But, when working
with maximum effort, which is the effect of a continuous act of will,

and when the initial store of energy is dissipated, the rate of dissimilation

will depend upon the rate of assimilation.

We must premise a state of continuous chemical action in the cortex
of the brain, in all conscious states at least, and this will be also true,
in all probability, of unconscious states as well, although in a less degree.
The rate of this chemical action may be the determining factor of con-

sciousness. That is to say, if this rate falls below a certain point, un-
consciousness ensues. The greater the rate of dissimilation the greater
will be the amount of energy liberated, and consequently, the greater
the output of work. Our ordinary rate of working may then be depen-
dent upon the rate of dissimilation which can be continuously balanced

by assimilation without calling upon our reserve of energy.

We shall assume that our hypothetical subject is at the limit of practice,
and works at maximum speed the whole time. This will rule out the

effects of practice and of spurts, which make the question more complex.
In an unfatigued state, the chemical constituents of the assimilative

and dissimilative processes- are in equilibrium, that is, V = V1
, where V

is the rate of dissimilation and V 1 the rate of assimilation. Now let us

suppose that the subject commences to do a continuous mental task at

maximum effort. More mental energy is needed, and immediately,
therefore, V increases, V V 1 > O, and we get a fall in the work curve

the fatigue effect. The increase in the rate of dissimilation causes excess

of some of its resultant chemical reaction products, and therefore to

increased chemical activity in the opposite direction, i.e., assimilation.

There seems to be experimental evidence to show that the assimilative

process has a considerable latent period. In the work curve given in

Fig, 35 we find that it rises after the second minute of work, instead

of falling continuously, as we would expect if the rate of dissimilation

were always greater than the rate of assimilation for the first 12 or 14
minutes of continuous work. Evidently in the third minute of work
the rate of assimilation is greater than that of dissimilation,' consequently
dissimilation increases, more energy is liberated, and the curve rises.

We have alove given reasons for thinking that this is not a conative or

emotional effect 1
. The assimilative process does not reach its maximum

immediately, but after about 3 minutes, after which its rate cannot be

further increased. If then assimilation is now at a maximum, why does

the work curve still fall? If the rate of dissimilation depends upon the

rate of assimilation, and the latter is now constant, why is the curve not

95-
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horizontal? The reason for this seems to be that tin- initial store of

energy is not completely dissipated. Dissimilation an draw upon the

reserve of energy, accumulated in an unfatigued state, as well as upon
the energy provided by assimilation. At the same rate as these reserves

decrease, when assimilation is at a maximum, V d< and the

work curve falls to a point at which the whole of the accumulated energy
has disappeared. From this point V depends solely on V 1

,
and as the

latter is still constant, the former is also constant and the work curve is

horizontal. From the work curves given in Figs. 35, 37, and 50, the

point at which the initial reserve of energy is exhausted would seem to be

after about 12 minutes of continuous work, whatever the task may be,

so long as the subject is working at maximum effort.

The amount of work done in unit time will depend upon V, for the

rate of working will be proportional to the rate at which mental energy
is liberated, which depends upon V 1 and also upon the initial store of

energy. The decrease in V is caused by the fact that V is not sufficient

to balance V. If V 1 could be so increased as to always equal V, there

would be no fatigue effect manifested, and the work curve would be a

straight horizontal line. When V = V 1
,
we have a state of chemical

equilibrium which has its parallel in the horizontal phase of the work
curve. In Lehman's words, the organ has adapted itself to the stimulus.

This state of equilibrium will continue indefinitely, unless further chemical
action ensues, which would seem not to be before 20 minutes continuous

work, when the process described above will be repeated, and a new

position of equilibrium be assumed.

One would suppose that the difficulty of the task would determine the

time that elapses before the work curve becomes horizontal, for V would

depend upon the difficulty of the task. The experimental evidence

seems to incline to the view that this horizontal phase is reached after a

definite interval of time with all tasks. Evidently, when working at

maximum effort, the rate 'of dissimilation pursues a constant course,

and the amount of energy involved in doing any task at maximum speed
is always the same.

We have seen that when the work curve becomes horizontal, V = V 1

and V 1 is here at its maximum. The rate of working, being dependent
upon the rate at which mental energy is liberated, is a function of V,
and as V = V 1

for this part of the curve, the depression of the horizontal

phase will be a function of V 1
, the maximum rate of assimilation, which

we have assumed to be constant for the individual.

When speaking of fatigue in this account we have included incitement

as well. In chemical action we only observe V r\J V 1
,
but never V and

V 1

separately. So the physiologist measures D r^-f A. In psychology,
the work curve is the representation of the difference between the fatigue
and incitement effects. We cannot observe either separately, but by
analysis of the resultant curve we can give the approximate course of

each component.
In Fig, 56, the analysis of the curve of recovery from fatigue by

rest, which is similar to the analysis of the work curve, the graph of the

onset of fatigue through work, the component curves of fatigue and
incitement will give some indication of the curves of the rates of dis-

similation and assimilation. Curve A will represent the curve of dis-

similation, which is the resultant of B, the curve of the rate of assimilation,
and C, the curve of the dissimilation of the initial store of energy.
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This theory is not affected by the question of general and specific

fatigue. If we accept the theory of cerebral localisation of function,
then specific fatigue can be explained as the psychological effect of

chemical activity in some specific cortical area, while general fatigue
will be due to chemical action involving the cortex as a whole. Both
forms can be explained in precisely the same way. If this theory truly

i'\p!ain> the facts given by experiment it will be possible to construct a

theoretical work curve, and to compare it with the experimental work
curve,

For the sake of simplicity we shall assume that neither the process of

assimilation nor dissimilation has any appreciable latent period. We
have seen above that the rate of dissimilation determines the shape of

the work-curve, for the rate at which mental energy is liberated determines
the output of work at any period. The rate of dissimilation we have
also shown to be a function of the rate of assimilation, and also of the

initial reserve store of energy. If the assimilation process has no

appreciable latent period, it will be constant for the individual, and,

therefore, the rate of dissimilation due to assimilation alone, neglecting
the initial store of energy, will also be constant, and its graph will be a

horizontal line. Therefore the shape of the work curve will depend
upon the rate at which the reserves of energy are dissipated ;

for as the

rate of dissimilation due to assimilation alone is a constant, it will not

affect the shape of the work curve but only its position. The rate at

which the initial store of energy is dissipated will correspond to the rate

at which the theoretical work curve falls. If, as above, we call the rate

of dissimilation V, then V = KC
t
C2

- - Cn> where K is constant

and Cf> 2
- - Cn are the concentrations of the chemical compounds

containing the reserve of energy. As C
1

Cn will be greatest at

the commencement of the dissimilative process, the rate of this process
will be greatest at first, and will gradually decline as the energy con-

taining compounds are dissimilated, until finally its rate will be zero,

i.e., the curve of dissimilation will be horizontal. Thus the theoretical

work curve will continuously decline, and the rate of this decline will be

greatest at first and finally will be zero. Its shape will be precisely
similar to the experimental work curve given in Fig. 36, the work
curve with periods of 2 minutes. The theoretical work curve, if neither

the dissimilative nor assimilative process has any latent period, will

then be similar in shape to the work curve constructed from the experi-
mental results

;
and we have shown above that the peculiar

"
hump

"

in the work curve with I minute periods, (Fig. 35) can be explained by
assuming that the assimilative process has a considerable latent period.
The question now arises whether the dissimilative process has a latent

period or not. If it had a latent period, as we have assumed in the case

of the assimilative process, the work curve ought to rise at first, which

we have not found to be characteristic of the experimental work curves,

for the amount of work done in the first minute is always greater than

in any other minute. Either, then, the dissimilative process has no

latent period, i.e., it reaches its maximum immediately, or else, as seems

more probable, the latent period is so short as to be inappreciable with

work periods of I minute in length. Work curves with shorter work-periods
than ours might possibly show such a latent period, although in the

work curves given in Tables 55 and 56, where the work-periods were 30

seconds and 15 seconds, there is no indication that the work curve rises

at first. The scores for the first three half-minutes in Table 55 are
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7,298, 5,875, and 5,633, the score for the first half-minute being con.

siderably liigher than the corresponding score for any other half-minute-

SimDarly, the scores for the first three i5-second periods in Table 56 are

2,980, 2,678, and 2,586, the score of the initial 15 seconds being much
higher than any other. These results seem to indicate that, if the dis-

similation process has a latent period, it must be of extremely brief

duration.

Sydney: William Applegate Gullick, Government Printer. 1920.
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