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level, such as would be wholly inappreci-
able to the senses, might be detected and

recorded. If such a system of watch were -

maintained along coasts where there is rea-
son to believe that some rise or fall of land
is taking place, it would be possible to fol-
low the progress of the movement and to
determine its rate. ’

But I must not dwell longer on examples
of the advantages which geology would gain
from a far more general and systematic
adoption of methods of experiment and
measurement in elucidation of the problems
of the science. I have referred to a few of
those which have a more special bearing on
the question of geological time, but it is
obvious that the same methods might be
extended into almost every branch of geo-
logical dynamics. While we gladly and
gratefully recognize the large amount of ad-
mirable work that has already been done
by the adoption of these practical methods,
from the time of Hall, the founder of ex-
perimental geology, down to our own day,
we cannot but feel that our very apprecia-
tion of the gain which the science has thus
derived, increases the desire to see the prac-
tice still further multiplied and extended.
‘T am confident that it is in this direction,
more than in any other, that the next great
advances of geology are to be anticipated.

‘While much may be done by individual
students, it is less to their single efforts than
to the combined investigations of many fel-
low-workers, that I look most hopefully for
the accumulation of data towards the de-
termination of the present rate of geological
changes. I would, therefore, commend this
subject to the geologists of this and other
countries as one in which individual, na-
tional, and international codperation might
well be enlisted. We already possess an
institution which seems well adapted to un-
dertake and control an enterprise of the

kind suggested. The International Geolog-

ical Congress, which brings together our as-
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sociates from all parts of the globe, would
confer a lasting benefit on the science, if it
could organize a system of combined obser-
vation in any single one of the departments
of inquiry which I have indicated, orin any
other which might be selected. We need
not at first be too ambitious. The simplest,
easiest, and least costly series of observa-
tions might be chosen for a beginning. The
work might be distributed among the differ-
ent countries represented in the Congress.
Each nation would be entirely free in its
selection of subjects for investigation, and
would have the stimulus of cooperation
with other nations in its work. The Con-
gress will hold its triennial gathering next
year in Paris, and if such an organization
of research as I have suggested could then
be inaugurated, a great impetus would
thereby be given to geological research, and
France, again become the birthplace of an-
other scientific movement, would acquire a
fresh claim to the admiration and gratitude
of geologists in every part of the globe.
ARCHIBALD GEIKIE.

RESEARC’HES IN PRACTICE AND HABIT.

THE object of this investigation was to
ascertain the results of practice in volun-
tary movements, repeating the same move-
ments an equal number of times each day
until approximately the highest degree of
perfection attainable was reached.

1. Triangular movement of the arm.—The first
experiment consisted in tapping continu-
ously at the corners of an equilateral
triangle whose sides measured 20**. The
tests each day lasted only a short time;
they were performed from 6 to 11 days by
seven persons. .

The results of the experiment showed
that the greatest gains in rapidity of triang-
ular movements of the hand as well as in
the regularity of successive movements
were made in the early part of the practice.
The percentage of gain in speed rapidly de-



528

creased, being 209, for the second day, 10%
for the fifth, and 5% for the ninth day.
The probable error was used as a measure
of irregularity. The percentage of decrease
in irregularity of successive movements was
not so large in the first part of practice as
the percentage of gain in speed; but after
the fourth day the percentage of the de-
crease had grown until it exceeded the per-
centage of increase in rapidity, thus demon-
strating that the psychological order of
development in voluntary movement is (1)
rapidity, and (2) regularity.

The results also showed that during each
practice period the subject constantly in-
creased in speed and regularity of move-
ment until the setting in of fatigue. How-
ever, when the exercise was continued
after a short interval there was a renewal
of the effort and the same results were
observed to occur, though the period was
much shorter than in the former -case.
These periods of renewal of energy were ob-
served to become shorter each time until
they came to affect almost every alternate
movement.

II. Drawing circles.—This experiment con-
sisted in making circles with the free-arm
movement. A true circle, drawn with a
compass, 60™ in diameter was placed be-
fore the subject as a copy. Preliminary
tests showed that ten circles at one sitting
gave the best general results. The tests
were made on seven subjects, extending
over six days. ‘

The results showed that with the right
hand most of the subjects gained in smooth-
ness of contour in their drawings, both
during the progress of each practice and
from day to day; with the left hand the re-
sults were more irregular,

Though all gained in the smoothness of
contour of their curves, yetall did not make
them of a size corresponding to that of the
copy. These results brought out three
types of practice: (1) That in which the
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subject decreased the size of the circle, both
during the progress of each experiment and
from day to day; (2) that in which the
size of the circle was increased during the
experiment, but decreased from day to day;
(3) that in which there was but little varia-
tion from the copy either during the
progress of the experiment or from day to
day. The first two classes were those who
regarded more carefully the smoothness of
contour of their own drawn curves than
they did their correspondence in size to that
of the copy. The third class were those
who directed their attention more especially
to the size of the curve and who closely ob-
served the copy each time before beginning
to draw their own curves.

The results also showed an important
principle bearing on pedagogy—that a short
exercise often repeated is the best method
of practice for rapid development of accurate
adjustment of the muscles. Long practice
at writing, drawing, etc., seems to be time
and energy wasted. Not only are inatten-
tive habits cultivated, but every wrong ad-
justment gains a place in the chain of
subconscious memories, and, therefore, de-
lays the development of the control over
the muscles for accurate adjustments.

III. Development of central and wuntrained
muscles and less adapted joints.—This experi-
ment consisted in tapping continuously
with the large toe until it was completely
fatigued. The make and break contacts of
an electric key were connected with mark-
ers so that each movement of the key was
recorded on the smoked surface of a revolv-
ing drum. In this way each phase of the
toe’s movement could be measured; the
phases were four, namely, the downward
movement, the downward rest, the upward
movement and the upward rest.

The average tap-time of the subject
studied was on the first day 4367; this very
regularly decreased until at the close of the
practice it was 212¢. Likewise, the prob-
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able error decreased from 103 to 357.
Moreover, the upward rest was longer in
the first part of the practice than the other
three phases combined ; but at the close of
the series it was the same as the downward
rest, thus showing that the greatest gains
in voluntary activity are those resulting
from the practice of the weakest and less
exercised muscles.

IV. Estimation of time.—After a number of
preliminary tests the intervals, 82 2, 100 2
and 164 2 were chosen. The practice lasted
from 8 to 16 days, on seven subjects.

The results justify the following con-
clusions : (1) The estimate of a given in-
terval varies for different individuals both
with and without practice. (2) Practice
on the same interval may cause the varia-
tion from the given interval to increase
with one person and decrease with another.
{38) Time-estimate is a personal factor de-
pending upon (a) the nature of the person,
whether of an impulsive or quiet tempera-
ment, and (b) upon the point of the fixa-
tion of the attention, whether to the sen-
sory or the motor side. (4) There is no
indifference ¢ point’ from which the subject
does not vary with long continued practice.
The changes that practice produces in the
estimation of time are probably due to fix-
ing the attention on the movement to be
performed, in which case the estimate is
shortened in accordance with the growth of
automatic control, or to the sensory side, in
which case the time-estimate is made longer
by practice.

V. Regulated rhythmical action.—In ar-
ranging apparatus for this experiment the
probable error was found for the Epison
phonograph to range from 0.2% to 0.7%;
for the Lupwic kymograph by BALTZAR,
from 0.2% to 2.0%; for a drum run by an
Epison motor driven by carefully tended
EpisoN-LALANDE batteries, from 0.1% to
0.3%. The PreiL marker was found at a
break of the circuit to have a latent time
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ranging from 1.1 &= 0.09° with the magnet
cores- distant from the armature to 14.7¢
=+0.03° with the cores close to the armature.
At a make thelatent time ranged from 1.8
=0.17 to 1.3¢ = 0.5°. With this marker
the make is nearly as good as the break
except for its slightly greater irregularity,
The DrprEZ marker from VErDIN showed
a latent time at the break of 3.8 = 0.07¢
and of 2.5 == 0.64° at the make. Changes
in the adjusting spring did not make any
great change in the figures. The probable
error of the spark records was found to be
=+ 0.256™ independent of the speed of the
drum.

In beating time in unison with a sounder-
click each subject had his own constant
error; this was generally negative; that
is, the subjects generally beat time be-
fore the click occurred. With practice the
negative constant error tended steadily to
decrease, to become positive and to increase
positively. The irregularity steadily de-
creased.

V1. Free rythmical action.—The seven sub-
jects were required to beat time without
any objective signal. The interval chosen
at the start was unintentionally shortened
with the progress of the experiment ; it was
also shortened from -day to day. The ir-
regularity decreased in like manner.

‘W. SMYTHE JOHNSON.

PSYCHOLOGICAL LABORATORY,

YALE UNIVERSITY,
NEw HAVEN, CONN.

NATHAN RUSSELL HARRINGTON.

NareAaN R. HarrinerTon, of Cleveland,
Ohio, died in the Sudan on July 26, 1899.
He was acting for the second time as leader
of the Senff Zoological Expedition, sent out
under the direction of Columbia University,
through the liberality of Mr. Charles H.
Senff, of New York City. The party con-
sisted of Mr. Harrington, Instructor in
Biology in Western Reserve University ;



