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RESEARCHES IN CROSS-EDUCATION
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BY

Warter W. Dawis,

Further experiments on the effects of practice in voluntary movements
have been made since the publication of my first paper on the subject.!

I. TRANSFERENCE OF PRACTICE EFFECTS.

Experiments with the maximum grip of the hand were begun in March,
1goo. An oval spring dynamometer of the usual form was employed.
The dynamometer test is not one of endurance, but of strength, To
make a good record requires a strong impulse for only a moment of time.

Fifty subjects were secured—25 men and 25 women, all -students or
instructors at Jowa College, Grinnell, lowa. The maximum pressure
that each could exert on the dynamometer was determined for both right
and left hands. To avoid the variation due to fatigue, the records were
taken in the order £, £, L, &, and then an average taken of &, &, and
of L, L. These average records were called the initial records for right
and left hands, After the initial records were secured, practice was be-
gun and extended over a period of three weeks, the subject exercising
his grip four times per week. At the end of the practice final records
were taken in precisely the same manner as at the initial test. The dif-
ference between the two records gave the amount of gain,

Great care was observed to have all the conditions of the initial and
final tests precisely the same. Four points were carefully watched. 1.
The dynamometer was placed in the hand face downward. This pre-
vented the subject from seeing his own recerd, and there was no danger
of the fingers stopping the progress of the pointer. 2. The instrument
was carefully placed so that the pressure was exerted in a line perpendic-
ular to the long axis. 3. One side of the dynamometer was placed in
the crease of the second joint of the fingers, so that when it was gripped
it pressed against the second row of phalanges. 4. Care was exercised
to prevent the subject from pressing the hand or arm against the body.

‘The initial and final tests and the daily practice occurred at the same
time of the day and as nearly as possible under exactly the same condi-

LDAVIS, Researchies in cross-edusation, Stad, Vale Psych. Lab., 1868 V1 6,
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The practice consisted in gripping the dynamometer 1o times on

each occasion, with intervals of 2 or 3 seconds of rest after each grip.
The subjects were divided into five groups. These groups with the
method and manner of practice are shown in Table 1.

Subjecis.
Group L
Groop 1L
Group 111
Group IV,
Group V.

Serial
number. Age.
1 27
2 23
3 23
rs z2
1 22
6 22
7 4]
74 22
8 2
g 20
10 20
11 20
1z 19
13 19
14 g
15 19
16 18
1y 8
18 18
19 18
20 18
21 18
22 z1
23 27
24 ig
25 24

Kinid of practice by the subjects,
Method of practice. Imstrument used.

Vigorous.
Light.
Light.
Light.
Light.

Characteristics of the Subjeces : Men,

Group,
(See Table 1.)

I
11
I
w
v
I
I
1
v

TasLe L

Dynamometer,
Dynamometer.
Diynamaoimeter,

Cylindrical stick,

Diynamometer.

Tawee 11,

Previous training,

track athletics.
track athletics.
baseball.

track athletics.

general athletics.

general athletics.
track athletics.

track athletics.
general athletics,
track athletics.
lifting weights.

Hand practiced.
Right

Right.

Left.

Right,

Right and left.

Temperament.
DErVOus,
phlegmatic,
phlegmatic.
moior.
motor.
phlegmatic.
nervous,
phlegmatic.
motor-phlegmatic,
phlegmatic.
‘motor,
phlegmatic.
nervous,
phlegmatic,
nervous,
philegmatic,
phlepmatic,
phlegmetic,
NEryous,
mistar,
phlegmatic.
DEEYOus,
nervous.
motar,
meor,
nervous,

Those subjects who practiced vigorously made 10 efforts daily, using

the maximum strength at every effort,

Thaose who practiced lightly
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made 1o efforts using from about § to § of the maximum strength. The
cylindrical stick was 3 inches long by 1 inch in diameter. Those sub-
jects who practiced with both right and left hands made 5 efforts with
each hand on each day.

[n order that the influence of age might not affect the results sought,
the subjects were distributed by fives among the groups as shown in
Tables IL. and III. By such a distribution the average ages of all the
groups were nearly the same,

Tawee IIL
Characteristics of the suhfects:  Women,
Serial Group.
number. Age. (Sec lef:: L} Previous training. Temperament.

26 25 1 i year. nervous-motor,

27 22 1T 4 years. phlegmatic,

28 2z 111 X nervous-motor,

29 21 v - motor-phlegmatic.
30 21 v I year, moderately phlegmatic.
I 20 I 2 years, phlegmatic,

32 20 1 g - nervous,

33 20 TiI T year. modesately phlegmatic,
34 20 v r W RETVOUS-motor,

35 z0 v 3 years. DErvous-motor,

36 19 I 2 maotor-phlegmatic.
37 13 IT g TMETYOUS,

38 19 TIL 1 year, motor,

39 19 v 2 years. phlegmatic.

40 18 '3 2 fervos-motor.,

41 19 I 1 year, TETVOUE.

42 19 11 | OO motor-phlegmatic,
43 18 1 4 years. motar,

res 19 v 1 year, nervous-motor,

43 17 v 3 years, mOtor.

46 17 I 1 year, phlegmatic.

47 25 v 7 years. motor.

48 It nervous-motor,
49 a1 111 2 years. HErvous,

50 24 v g phlegmatic,

The previous training for the men and women was determined differ-
ently in the two cases. In Table IT[. the length of the period of phys-
ical training was reckoned from the number of years each subject had
spent in the gymnasium in actual required class work, such work being
compulsory except for seniors in the college. Since gymnasium work
had not been required heretofore of men, it was necessary to set a dif-
ferent standard for them. This standard was proficlency in athletic
sports.
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The factors of the grip that affect the strength of the pressure on the
dynamometer are very complex even in one individual. Factors which
favorably affect the pressure in a certain person may be entirely counter-
acted by factors which affect the pressure unfavorably. In another sub-
ject the factors may oppose each other in an entirely different fashion.
When many conditions that are favorable to the strength of pressure are
present in one person we then expect that person to make a good record
of strength.

For convenience we have classified all factors as either, («) those that
are not affected by a short period of practice such as that during which
our investigation was carried on, or (#) those that may be affected by
such practice. The first four factors belong to the former group, the
others to the latter one.

1. Effect of length of hand.—This factor is of some importance.
The looger the hand the longer must be the levers on which the muscles
pull and consequently the greater the strength that may be exerted on
the dynamometer. This factor may be almost entirely counteracted by
others, as is evidenced in the case of the men in Table 1V, The im-
portance of this factor is shown quite clearly in the case of the women.

Tasce 1Y.

Length of hands a1 a factor in dynamometric pressure.
Men: Waomen:
Shortest bands. Longest hands. Shortest hands. Longest hands,
Average length in mm. 186.3 200.1 166.8 1802
Average pressure in kg. 481 48.2 26,6 30.3
To construct Table IV. the hands of all the subjects were measured
with a measuring stick ; the distance was measured from the primary
crease on the front of the wrist to the end of the middle finger. The re.
sult 186.3" represents the average length of the 1o shortest hands
among the men, 2o00.1®° the average length of .the 10 longest, all
of the subjects being taken into account in one or the other class. In
the case of the men, those who had short hands seem to have possessed
other qualities that counteracted the disadvantage of the short hand.
There was an altogether different arrangement of favorable and unfavor-
able factors in the case of the women. Of course, the number of meas-
urements taken was too small to make any very important generalizations.
2. Effect of length of forearm, —DMiLLER ' has found a definite relation
between the length and the strength of the forearm,

-"'_H;LLBR, Helations é,_f!m'g.r& and streayek :ﬁ';;’ﬂ.ﬁ;ﬂrm-, Pub. of the Univ. of
Penn., 1900 1V 153.
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3. Effect of muscular develspment of the hand and arm.—However
important the part that this factor plays in the amount of the pressure,
it is not probable that it was affected by the short practice of this experi-
ment. It has been pretty clearly demonstrated too in this investigation
that the test under consideration is not nearly so much one of muscular
power as it is one of mental power.

4. Effect of femperament. —GaLEN'S universally adopted classifica-
tion of the temperaments into choleric, melancholic, sanguine and
phlegmatic was not followed, For several reasons a different classifica-
tion was more suitable to our needs. Since it was our purpose to dis-
cover the readiness of the subject to respond to practice (considering
exercise as a stimulus, and development of motor ability as the response
to this stimolus), our needs were subserved better by a classification
based fundamentally on the ability to respond quickly to a given stimu-
lus, and not by one based on both the strength and quickness of the re-
sponse, An outline of such a classification is presented as follows :

weak weak
Nervousinmd iuh—Mowr——ésediur}——Phlegmatia
Bt ™

strong strong

The nervous temperanent reacts quickly to a stimulus; this reaction
may be either weak, medium orstrong. The phlegmatic temperament re-
acts slowly ; this reaction may be either weak, medium or strong. The
motor temperament stands midway between the nervous and phlegmatic,
if we consider time of reaction as the chief element in classification.
The motor subject’s reaction may be either weak, medium orstrong. This
classification makes strength of reaction a secondary consideration and
quickness of reaction the primary consideration.

There is a question whether the nervous person does not as a matter
of fact react more weakly than the phlegmatic one. To throw some
light on this point, the average grip was determined for all the men clas-
sified as phlegmatic. The same was done with the records of the motor
and nervous subjects.  The average results are given in Table V.

TasLe ¥,
Relafion of wrempeh of prip te temperament.
Number of subjects. Temperament. Aver. grip in kg.

10 phlegmatic, 49.7

Men { [ motor. 49.6
[ nervous, 43.3

7 phlegmatic, 0.3

Women. { 14 MOT. 28.9
4 nersous, 225
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‘The table shows that the 'phlegmatic subjects in this particular group
of individuals are slightly stronger than the motor subjects and consid-
erably stronger than the nervous subjects. The fact is especially notice-
able among the women, The fact noted, however, does not prove that
the phlegmatic tempetament per se i5 stronger than the nervous or the
motor ; nor would it be even though the results obtained here should  be
substantiated by similar ones secured from a large number of ohserva-
tions. There are several factors that tend to counteract, in the nervous
type, any inherent power that it might have for the exertion of great
strength, These are the mechanical factors that we have enumerated
abave.

In the first place the nervous person is smaller, generally speaking,
than the phlegmatic person, This fact accounts in a measure for his
being nervous ; for the whole mass of muscles to be controlled being so
much smaller, innervation is accomplished much more quickly. The
hands are smaller and sherter, the forearm shorter, and hence the subject
is placed at considerable disadvantage. Moreover, this disadvantage in-
creases in more than arithmetical proportion, as the result of one factor
at least, namely, the shortness of the hand. When the dynamometer
just fits the hand and when the muscles and levers work in just the right
arrangement, & good record is expected. But when the hand is so small
that the pull must be made with the first phalanges rather than with the
second, a tremendous disadvantage is met with, and there is a much
smaller record.

This theory is strengthened by a comparison of the length of hand for
men and women with their respective dynamometric records, ‘Table
V1. shows this comparison. While in length the women's hands averaged
89.7% that of the men's their strength was only 58.7% as great. The
difference in strength would not be so great if it were not that the
leverage of the small hand is not so good.

Tanre VE

Relative strengih of men and twomes.

Subjects, Aver_ length of hand in mm, Aver. pressure in kg,
Men. 193.2 482
Women. 173.4 28.3

Above a certain point however great length of hand is of no advan-
tage, Reference to Table IV. makes this sitatement clear. The men
averaging 200.1"® for length of hand were very little stronger than those
averaging 186.3 ™. The very large hand is at a disadvantage because
the dynamometer is pressed on one side, now, by the third phalanges
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instead of the second. Table V., too, supports this conclusion. The
natural inference is that the best method of grasping the dynamometer is
to place one side in the crease of the second joint so that pressure is
made with the second phalanges.

It seems necessary, then, in discussing temperament, to consider all
the factors enumerated above, and the problem becomes more and more
complex. An effort will be made in Part II. to present & somewhat
more comprehensive view of the influence of temperament on bodily
strength and its relations to muscular development. z

Of the factors influencing the strength of dynamometric pressure we
have pamed four: (1) length of hand, (2) leagth of forearm, (3)
muscular development of the hand and arm and (4) temperament.
These four factors are not easily affected by a short period of practice.

5. Cwirdination.—By cobirdination we mean the ability to innervate
a particular muscle or set of muscles so specifically that very little of the
motor impulse escapes into muscles not concerned in the movement that
is being performed. It is the ability to direct motor impulse; or
speaking from another standpoint it is muscular control. The term is
best expressed in common speech by the word ““knack.”” This factor
is much improved by practice. Athletes possess it in & greater degree
than men who have not had special physical training.

6. Stored energy.—This must be found in two places, in the motor
nerve cell and in the muscle, [t must be present in the nerve cell to
generate the motor impulse and in the muscle to cause the contraction.
Its absence in either place would make muscular action impossible.
Fatigue means simply a loss of potential energy—hence fatigue is in-
ability to do work. The authorities are agreed that complete loss of
potential energy is sustained sooner by the central nerve cells than by the
peripheral organs, Hence we say that central fatigue appears before
peripheral fatigue and so a protection to the muscles is afforded. Poten-
tial energy must be present in large amounts in tests requiring a maxi-
mum exertion through a long period of time.

7. WU power or volitional power.—Potential or reserve energy is of
no use until it is changed to kinetic energy. This change is effected in
all primarily conscious tests by conscious volition. One's ability to ac-
complish feats of strength depends, in great measure, on his power to
transform the potential energy of the motor cells into the kinetic energy
of the nervous impulse. In addition to this, the strength of a muscle
must depend on the readiness with which the potential energy of the

muscle is changed by the motor impuise into the kinetic energy of the
muscular contraction,



