MENTAL FATIGUE IN DAY SCHOOL CHILDREN AS
MEASURED BY IMMEDIATE MEMORY. PART I

W. H. WINCH.
London, England.
SUMMARY.

The chief defect in the measurement of mental fatigue in children
by tests of immediate memory has been the irregularity and varia-
tion in intellectual work in the early part of a series of new exercjses.
In the present investigation practice was continued until the pupils’
performance became “steady,” before the fatigue tests were begun.
Tests with a class of forty-five boys, averaging thirteen years of age,
showed a relative inefficiency in the work of the late afternoon as
compared with that of the early morning. The reduction in efficiency
amounted to five or six per cent.

TuE PrOBLEM STATED.

Most of us who are adults are fairly certain, in so far as we
can be from introspective evidence, that when we are weary
our memories are apt to play us false. We feel, too, when we
are tired, that we need to make more effort to remember, and
we reproduce what we know more hesitatingly as well as more
ineffectively. HKspecially do we find a diffieulty in remember-
ing non-connotative and unrelated names; and our language
would probably be more vigorous than rational if, whilst feel-
ing fatigued, we were asked to learn by rote, for purely expe-
rimental purposes, a number of meaningless symbols. T need
not labor these points; they are probably within the personal
experience of every one of us. These considerations induced
me to make one more attempt to measure fatigue in children
by means of tests in memory; but with no great hope of sue-
cess, for when we turn to the work of those who have experi-
mented much with children, we find a practical unanimity of
opinion that immediate memory tests will not give satisfactory
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indices of fatigue.* Why should tests which appear prima
facie to adults as specially likely to give indications even of
«mall degrees of fatigue fail so hopelessly to indicate fatigue
in children? One factor is doubtless the comparative immu-
nity of the child to mental fatigue of a mechanical kind, but
probably the most potent factors in the failure of these tests
are the irregularities and variations to which intellectual work
of this mechanical kind is subject, especially in the first few of a
continued series of new exercises. If we could postpone the
fatiene tests until the work of the children had become
“steady ' for that partienlar sort of exercise, more satisfac-
tory results, T thought, might possibly be obtained. By
“e<teady”” T mean that the children in the group do not change
places mueh from test to test. Ixpressed mathematically
<teady’ means that there are high positjve correlations be-
tween the successive tests of the series. ?[ do not mean that
each ehild ceases to improve and henceforward oscillates about
2 mean which mayv be regarded definitely as normal work for
the partieular child.  For improvement by practice is the rule
and to stand still or retrogress is exceptional. And the prac-
tice effects are mingled with the fatigue effects. Thus an
immediate memory test on, say, Tuesday morning, may give
a lower result than a second one on the following Tuesday
afternoon. Are we to conclude that Tuesday afternoon is a
hetter time for memorizing than Tuesday morning? Not un-
less we find the afternoon results superior after eliminating
the practice effect, that is the improvement by practice result-
ing from the work of the previous exercise. I have endeavored
to do this by working with two groups, initially equal, and
equally practiced. When the work in immediate memory has
hecome steady, I have divided the children who were working
the exercises into two equal groups. Then one of the groups
has worked further tests in the mornings only, whilst the
other group has worked the same tests late in the afternoons.
A comparison between the morning results and the afternoon
results may indicate the comparative freshness or fatigue of
the two groups in the mornings and afternoons respectively.

*“On this point we have the unanimous verdict of Bolton, Ebbinghaus,
Schuyten and Smedley.” Whipple’'s Manual of Mental and Physical Tests,
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II. A First ExperiMeNT IN A Boys’ ScmoorL.

The work was done with the whole of a Standard VI class,
numbering 45, of an average age of 13 years, 0 months, on July
31, 1910, in a municipal boys’ school situated in a rather poor
neighborhood in London. The teacher of the class was a
young man of much ecapacity, enthusiasm and energy; the
school, as a whole, was strongly disciplined and the children
worked hard.

In such a class it is probable that the boys, except in the
intervals for recreation, give their attention to their school
work for practically the Whole of the school day. In cases like
this is should not be hard to find some considerable differences
between the best morning work and the worst afternoon work.
It is true that the tests of immediate memory in which I am
going to make such a comparison are of a mechanical nature,
but it must not be forgotten that they are always of new mate-
rial: the process can be mechanized, but the acquisition re-
quired is always a new matter.

1. Tests and Method of Marking.
The tests were for memory of visnal percepts. Twelve con-
sonants, arranged in the following way:

t v d m
A f X r
b 8 n ¢

were exposed to view for 25 seconds, after which the boys
wrote down as much as they could remember ; 1 minute 35 sec-
onds being allowed for writing and rest. At the end of 2 min-
utes a second test was given ; then, similarly, a third, and so on.
Ten tests were given on each occasion, so that the whole exer-
cise lasted just 20 minutes. The boys were required to study
the tests visually, audible articulation not being permitted.
They were told to let their attention pass from left to right
commencmg with the top line, and then to the second and third
lines, passing through the whole test before beginning a second
repetition of any part of it. Three marks were given for each
consonant correctly remembered and rightly placed; two, if
it were ‘‘one place’’ before or behind its proper position; and
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one, if it were ‘‘two places’’ out. It was found helpful to in-
struet the children to leave a space in the place of any con-
«onant which they knew they had forgotten.

ii. Chronology of the Series.

Eight sets of preliminary tests were given to afford a basis
for the division of the class into two equal groups. .

On Wednesday, March 16, 1910, at 9.45 A. M., the first set of
tests was given, following immediately npon a Seripture les-
son. All the morning tests were given on Wednesdays at the
same time, and likewise following immediately after Seripture
lessons.

On Friday, March 18, at 4 P. M., a second set of tests was
eiven, following immediately upon a grammar lesson in which
the boys are required in this school to do some rather hard
thinking. All the Friday tests were begun at 4 P. M. The
school periods on Friday afternoons preceding the grammar
lesson were occupied with spelling, physiecal drill, history, rec-
reation.

On Wednesday morning, March 23, a third set of tests was
given. The Easter holidays then intervened, but the work was
resumed afterwards.

On Friday, April 8; Wednesday, April 13; Friday, April
15; Wednesday, April 20, and Friday, April 22, a fourth, fifth,
sixth, seventh and eighth set of tests were given respectively.

On the results of the fifth, sixth, seventh and eighth tests the
class was divided into two equal groups.

Henceforward, one of the two groups—Group A—worked
memory tests in the morning only, and the other—Group B—
worked in the afternoon only. The morning group worked
them on Wednesday mornings from 9.45 to 10.05, imme-
diately after a Seripture lesson; the afternoon group on
Wednesday afternoons from 4 to 4.20 P. M. The preceding
afternoon lessons were spelling and physical drill, recreation
and algebra.

It was evident after the first fatigue test that the morning
group did better work with the same test than the afternoon
group; but it was thought well to continue the tests on succeed-
ing Wednesdays to see if the same relationship was maintained
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subsequently. Three fatigue tests were therefore given on
April 27, May 4 and May 11, rspectively, to Group A in the
mornings and to Group B in the afternoons.

ili. Results.

It is not intended to lay any stress on the results of the first,
second, third and fourth preliminary tests, nor were the ‘‘co-
efficients of reliability’’ between them calculated in a rigorous
way. It was obvious from an inspection of the figures that the
children had not yet taken up a very steady position relative
to one another; they had not quite settled down to what, in mat-
ters of sport, we should call their ‘‘true form.”” But the fifth
preliminary test was correlated with the sixth. Working from
the individual cases by the Pearson product-moment formula

r= ¢y ywas found to be + 901, with a ““probhable

nee, !
error’’ of .02.
The results of the sixth were correlated with those of the sev-
enth, and ‘‘r’’ was found to be + .874, and the correlation be-
tween the results of the seventh and eighth was found to be
-+ .884, with “‘probable errors’’ also approximating to .02.

I had now great hopes, if I divided the class into two equal
groups on the results of these four sets of tests which ecor-
related so highly, that I should obtain two groups which would
be obviously sensitive to variations in the conditions as to
freshness and fatigue with which the work was done. Two
boys had ‘left school’ during the tests and one boy was omitted
because he could not be paired.

The actual results of tesis 5, 6, 7 and 8 were as follows:

Test 5. Average mark 237.6. M.V, 30.7.

L “ ¢ 234.6. o303,
I e w0 239.7. < 30.7.
8. 251.5. “ 344,

Tests 5 and 7, will be remembered, were Wednesday morn-
ing tests, and tests 6 and 8 were Friday afternoon tests.

Two equal groups were then formed on the results of these
four tests cited above; 21 boys were placed in each group and
the groups were subdivided into sections, thus.
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Tapre I, Showing the Division Inlo Tiwo Equal Groups.

————Group A —m—— - - Group B. \
Av. marks Av. mark per boy Av. mark per boy
per test in No. of per test in foar No. of per test in four
preliminary tests, boys., prelim’y tests. M. V. boys. prelim'y tests. M. V.
Over 280 4 300.2 11.9 4 208.7 15.7
240 to 280 b 256.7 10.1 D 259.1 9.5
2HH) to 2440 a9 2225 0.8 9 222.4 9.4
160 to 2060 3 189.9 5.0 3 188.8 8.4

Taking Group A and Group B as wholes, the former had an
average mark in these four preliminary tests of 240.9 (mean
variation 30.2), and the latter average mark of 240.9 (mean
variation 30.6).

It now remains to present the results of the work of these
two groups when Group A continued the tests in the mornings
only and Group B continued them in the afternoons only.

I present at first the results in gross.

Tante 11, Showcing the Comparative Results of Groups A and B in the Morning
and Afternoon Worlk, Respectiveiy.

————tiroup A—(Morning). — ———Group B—(Afternoon). —
Av. mark Av. mark
Thite, Tatal marks.  per bhoy. AL V. Total marks.  per boy. M. V.
L Y | | TR, T 256.0 40.1 5172 246.3 36.9
LRy L T a1l 268.1 a3 5283 251.6 40.4
Th A5 M DR12 276.8 32.0 Hods 264.2 371

In the first week the morning group improved on its record
in the preliminary tests to the extent of 6.26 per cent., calcu-
lated as a percentage on the average of the four preliminary
tests; in the second week 11.3 per cent., and in the third week
14.9 per cent.; whilst the afternoon group improved on its pre-
liminary record in the first week 2.2 per cent., in the second
week 4.4 per cent., and in the third week 9.6 per cent. It seems
clear that, though improvement by practice is still obvious in
hoth groups, Group A is improving faster than Group B. The
difference is taken as a measure of the difference in mental en-
ergy for this sort of work at 9.45 in the morning and 4 in the
afternoon of a mid-week day, after the lessons specified in the
chronological account of the experiment. On the assumption
that both groups would have shown approximately equal prac-
tice effects had they continued the work under equal conditions,
the decreased improvement in the results of the afternoon work
as compard with the morning work is regarded as a measure
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of fatigue. But it remains to be shown whether this relation-
ship holds for the corresponding sections into which the groups
are divided.

TasLe III, Showing the Comparative Results of Groups A and B,
Section by Section.

Av. mark Group A. Group B.

- A
in pre- No. of Av. per boy-—f' atigue tests No. of Av per IJO}—I“'ntlgue tests.
liminary tests. boys. 1st. 2d. Al boys. 1st 2d. 3d.
Over 280 4 319.5 323.5 325.2 4 329.2 335.0 344.0
“ 240 5 2548 283.4 204.2 b5 2472 259.0 272.4
*200 9 230.1 249.3 259.5 9 225.8 221.8 235.9
* 160 3 200.7 2253 234.7 3 195.7 217.3 229.0

Improvement is obviously the rule, as the averages of the
whole group seemed to show. But the division of the groups
into sections indicates that the afternoon workers in every
section but the best do worse work in the afternoon than
the corresponding sections in the morning. The general fall-
ing off of the afternoon workers is, of course, a result which
might have been expected ; but I was not prepared to find that
any section of school boys of this age and mental level would
do better work in the afternon than another corresponding
section would do in the morning. This result is not due to
some astonishing and quite abnormal work on the part of one
individual, for every boy in this section of the afternoon group
has beaten the corresponding boy in the corresponding section
of the morning group. May it be that the chilren strongly en-
dowed in the natural function tested show rather the stimu-
lating effect of the day’s school work than its fatiguing effect?
I append the figures:

TABLE IV, Showing the Individual Work of the Top Four Boys in
Groups A and B Compared.

—_ First Section—Group A. - First Set_tion—(}roup B—
ame, Av mark Av. mark Av. mark Av. mark

(InitIaIs thre Name. fou three
only. ) prelim tosts final t@sts (Initials only.) prellm'y tests. final tests.

2 Eare.n.. Qy 333 G Mo P33 347

H. \\' .......... 304 320 B Wowwsrvssmvndos 302 344

§ IR, ST 296 311 W Boowccivrians 284 319 -

. TSR 281 226 H.. Biovosnnusy 288 334

After those of the top sections, however, the results for the
afternoon work as compared with the morning work tend
steadily downwards, and in no other section does the work of
the afternoon group excel that of the corresponding section
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which works in the morning. But there are individual pupils
lower down in Group B who reach higher results in the after-
noon work than corresponding pupils in Group A—the morn-
ing group—so that the suggestion made above to account for
the superiority of the upper section of the afternoon workers
at once appears doubtful. I propose, finally, to show the com-
parative improvements of the individual pupils in Group A
and Group B in the morning and afternoon work respectively.
The improvements are calculated on the average of the four
preliminary tests on which the class was divided. The aver-
ages and percentages are caleulated to the nearest unit only.

Tame V, Showring the Comparative Improvement of the Pupils in Groups A
and I i the Morning and Afternoon Work, Respectively.

— firoup A ——— ) ——Group B.
Av. of Av.of Av.of Av.of

Name four three Percentage Name. four three Iercentage
Initials prelim'y final of 1m- (Initials prelim’y final of im-

anly ) Tosts, Pt s, provement, 1ly. ) tests, tests. provement.
PO O . B + . 327 347 -}
WooB.LL + b 302 344 - 14
O . 20 + 5 ey 0 319 412
XA vu 281 416 . 282 334 -+ 18
b L 422 .. 298 283 + 2
KWL ... 26 + 12 ... 262 264 4 1
ALY Lo 286 + 11 .. 2681 259 — 1
I, 8 e 245 234 — 4 .. 249 235 — 6
A; Mo 248 287 + 18 .. 245 257 + 5
W Misssnn 288 264 --11 . 287 256 + 8
L. Wisgans 283 244 + o 234 251 + 7
1), Co...... 231 271 417 .. 229 221 — 3
I, F...... 220 255 + 11 ... 229 246 + 7
A, H.oninon 227 238 + b .. 225 253 + 12
B, W...... 220 232 4+ 5 SR .. 237 + 6
8..0C...... 219 244 + 11 . 217 » 218 —_ 2
A Foivionn 2056 238 -+ 16 . 207 184 —11
F, Woieoos 202 231 414 202 189 — 6
W. H...... 196 222 + 13 visenee 19T 223 - 1:
 § 0 - e ]9(_; 219 + 12 P, T 194 199 + @
o 178 219 -+ 23 B, A....... 176 219 - 24

50GO 6004 5060 5333
Averages. 240.9 266.7 Averages, 240.9 253.0
M. V..... 30.2 34.5 M. V..... 30.6 35.9

On inspection of the above table we find in the morning
group 1 case only in which a positive improvement is not
fahowrl ; in the afternoon group there are 6 cases. In the morn-
Ing group there are 2 cases showing an improvement of 20 per
cent. and over as compared with 1 case in the afternoon group;
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there are four cases which show an improvement of 15 to 20
per cent. as against 1 case in the afternoon work; there are 8
cases between 10 and 15 per cent. as against 4 cases in the aft-
ernoon group; there are 5 cases which show an improvement
between 5 and 10 per cent., as compared with 6 in the afternoon
group; and there is 1 case between 0 and 5 per cent., as com-
pared with 3 in Group B. These results are more clearly ex-
hibited in the following table:

TasrLE VI, Showing the Comparative Pereentages of Improvement Betwween the
Members of Group A and Those of Group B.

—————Number of Cases.——————
Group A. Group B,
Morning Group. Afternoon Group.
Galn ot 2005 and OFeD: e vsmmuo v s 2 1
Gain of 15% 10 209 . .. e vriineriionenenas 4

1
Galnof 100610 18%0: oisisvrivavisssvmmes, ] 4
Galn of B9 b 0G0 i ae s G

)
Galn of 0% to 0%, v cven i inannnniiaans 1 3
1.08S Of 00 10 D ve i i i cienennanenen 1 3
Loss of B9 10 1095 cuciowinmewas sunmmsmmses 0 2
TOsE 0L 105 AN 0% BF: uivurisesmswnsmamusmmsmn (1] 1

The correlation of the results of the four preliminary tests
between the corresponding cases of the two groups, A and B,
worked out by means of rank formul, is, of course, positive 1.
In the work of the final tests the A group series correlates
with the B group series to the extent of 4 .87. This estimation
was made by means of the Pearson rank formula

za:
p =1— n(n* ]}

If we are entitled to suppose that Group B, if it had worked
in the mornings, would have made as much improvement as
Group A we can regard the extent to which it failed to do so
as a fatigue effect. The ‘“morning group’’ improves 10.7 per
cent. from the preliminary to the final tests; whilst the ‘‘after-
noon group’’ improves 5.0 per cent. from the preliminary to
the final tests. For a class of boys of this age and mental level
therefore, the fatigue effect thus caleculated appears to be be-
tween 5 fmd 6 per cent. These results are not exposed to the
dangers arising from the effects of novelty. Kvery boy whose
work is here shown has worked no less than 110 memory tests
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in 11 sets, spread over a period of some 8 weeks. A more se-
rious difficulty—one which specially attacks long series—is
that of boredom. I am not quite sure whether boredom may
not he very closely related to fatigue for a particular function,
especially if it be one in which we were fonngr]}-"interested
and in which we showed improvement. But assuming for _the
present that it ix not, namely, that we can work without “w_:)bJee-
tive fatigue,” though the work bores us, will the assumption of
horedom affect the conclusion drawn as to fatigue? I think
ot : unless we helieve that the morning groups and afternoon
sroups are likely to he affected by this factor to a different
extent.

111, Stvaaarizep CONCLUSIONS,

1. The use of immediate memory tests shows, in a normal
aroup of school children constituting the whole of a class or
wrade, o certain amount of relative inefficiency in the late aft-
ernoon as compared with early morning work. This relative
inefficiency is taken as a measure of fatigue. For children at
this age and mental status it does not appear to be great for
work of this kind, and is probably about 5 or 6 per cent.

2. One of the pupils in the morning group and six of the
pupils in the afternoon group cease to improve, begin to oscil-
late in their work, and tend on the whole downwards. If this
is not due to boredom (I have argued previously that it is not
likely to be) it is an indication that these pupils are being gen-
erally overworked, or have reached their saturation point for
the function in question. With about one-third of Group B
the work done late in the afternoon has been futile.

. As a pedagogical conclusion, we might accept the follow-
ing dictum: Wherever, under first-rate teachers and with
earnest work on the part of the children, a series of exercises
begins to produce a steady decline in improvement, it is an in-
dication to us of the advisability of lightening the general work
or of a cessation of those exercises, at least temporarily, until
the children’s reparative activities have had time to produce
their proper effect. If this dictum be accepted it could be ap-
plied to discover the best age and time for starting new sub-
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jects and parts of subjects in the school curriculum. IFor ex-
ample, when should a child begin problematic arithmetic? I
suggest when, with earnest work and first-rate teaching, im-
provement is shown generally from exercise to exercise, and
not otherwise. Such a criterion would also serve to regulate
the adjustment of the intervals between the successive lessons.

(Part II will appear in the February number.)



