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PREFACE.

TeE course in Elementary Physical Science, of which these sheets form the first
instalment, is the outgrowth of various experiments made first in the public schools of
Michigan, later in Dr. Felix Adler’s Workingmen's School in New York City, and
finally, during the past four years, in the private school of Mrs. Quiney A. Shaw in
Boston—a school founded by Mms. Shaw, the danghter of the great naturalist, Prof.
Louis Agassiz, for the purpose of developing methods of nature atudy that will
secure to the young student the best prepamation for holding through life intimate
converse with nature.

The endless source of happiness which this gives is & heritage that Mrs. Shaw has
believed will come always to all students who are introduced to the study of the
earth by the natoral method. The author’s educational views were so fully in aceord
with her own, that she gave him perfect liberty in laging oub the work in the Physical
Soience branches of natwre study for pupils from twelve to eighteen years of age.
The results reached have been such that many of the best educators of Boston and
vicinity have recommended and urged that the course be given s wider fleld of
usefulnesa.

‘While this work has been largely tha result of class-room experiment, indebtedness
is freely acknowledged to various sourees, espacially to the excelient little manual on
“ Home-made Apparstus,” by Prof. John F. Woodhull, of the New York Teachers’
Cullege.

For any testimony that may be wished in regard to the merit of the course, the
following are referred to: Mra, Quincy A, Shaw, Boston, Mass.; Charles F. King,
Head Master of the Dearborn School, and Superintendent of the National Summer
School ; W. A. Mowry, Superintendent of Salem Schocls, and of Marthas Vineyard
Summer School ; 8. T. Dutton, Suparintendent of Brookline Schools ; Larkin Dunton,
Head Master of Boston Normal School; A. E. Winship, Editor of The Journal
of Education; and Frank A. Hill, Secretary of Massachuseits Board of Education.

F. H. B.
8 MazLsoro Sterer, Bosrow, Mass,

January, 1806,



TO THE TEACHER.
s

No previous knowledge of physics is absolutely necessary, but a clear coneeption of
the ofject aimed at is imperstive, in order that the work may be done in a truly
seientific manner, and the highest success attained. That object is oot primarily to
give tho pupil a few physical facts out of the great abundanee of truth, & few essentials
of which is all that is possible in any ecuise, but to cultivate his powers of olservation
and independent thought. Every young child possesses these powers and is eager to
use them, bul 2 system exclusively of buok-education tends to destroy them. Some one
lLas truthfully said—*No injustice would Le dove to a teacher if his skill and the
educative value of his lessons were measured by his succesa in making children reason
out conclusione from observed or siated facts”; and we may add that for the best
discipling these facts should be observed, not stated. That education is of the most
value in every walk of life which not only enables its possessor to reason correctly upon
facts possessed, but which gives him the power of keen and accurate obscrvation by
means of which to colleet the facts for himself, and prevent imposition from others.
Seeing i3 not so simple an met a3 many supposo.  Every scientist knows that it is
one thing to turn the eyes towards an object, bul gquite ancther thing to see what is
there. Every one’s ohservational powers need oultivating, and * Observation Lessons™
are of valve for this purpose, bnt donbly valuable when so arranged as to become an
incentive to Ingical reasoning.

In planning this course these two objects have been kept in view, and they
should be continually before the teacher in charge. If the course is properly taught,
pupils who have heen in the habit of learning, or trying to lenrn, without independent
thought, find that it is impessible to do so in ihis work, They are compelled to use
their eyes in collecting facts, to put these facts together, and to draw conclusions from
them. These processea at their command, they are then prepared for the preat
school of life, hut without having acquired these processes no amount of accumulated
facts are of much value. Teachers who have never tried this method will be astonished
by the ease with which children adopt it. At first, if their previous instruction has been
entirely by the memory method, this one seems to fail completely. The pupils can nse
neither hands, eyes, nor minds. They cannot experiment successfully nor see more



than a small part of what happens when the experiment iz done, to say nothing of
thinking out what it all means. But I have not yet had & pupil whose habit of lean-
ing upon book or teacher was so strong that it did not give way, within a brief space
of time, and let some degree of self-activity show itself. In training the pupil to self-
reliance, it is ai the very beginning that the skilful teacher has the opportunity of
doing his best work. I have tried several methods; one extreme is to assist the
pupils in every step at the beginning, and wean them gradually ; the other, to throw
them entirely upon their own resources from the very beginning. Of the two extreme
methods the latter is the better, provided the pupil can be prevented from becoming
disconraged before he gots n start.

The particular method in which you conduct your class will, of course, depend upon
cir tances. Only g 1 direciions can be given. Though you have no teaching
to do, that being done by Nature, the best of all teachers, nevertheless you should teach
(if we may use the paradox) by the most successful method — that of example. Be a
student of nature with your cluss, aod aeknewledge yourself such, Have o set of the

apparatus, try the experiments, and write your inferences just as your pupils do, either
at the same time or previously. You will become interested in the work, and that
interest will spread to every pupil. That, at least, has been 1oy experience. Children
are imitative, and when they see you doing and enjoying interesting experiments they
will wish to do them also. At the same time you can ensily appenl to nnother element
which is still stronger in moat ehildren —that of emulatinn; not sn unworthy incentive
to appeal to, especially if it ia done with skill. They will compare their inferences one
with another. Get them to compare with yours. You shounld alse examine their
written work, and commend all of it that shows independent effort. Frequently you
can commend pupils for their discoveries, at the same time that youm criticise their
statements of facts. Always eommend when youn can, and eriticise with moderation.

There is no better way to become ncquainted with your pupils, and no better oppor-
tanity for doing individual work. It is sometimes claimed that it is impossible to
individualize with the pupils in our public schools when the classes nre large ; but by
this method it beeomes somparntively essy. After school you have in your possession
the notes written dwiing experiment houv, and through them yon rapidly become
acquainted with your pupils, and see just how you ean best belp them. Frequently
they need no help, with the exeeplion of some brief marks agreed upon to indicate
the mistakes you wish them to correct. Some pupils may need a word of encourage-
ment or direction, and this is usually more valuable if given in writing, though some-
times it is better to speak to them privately. 1 seldom speak toa pupil in class,
unless it is in a whisper, for the class hour should be a silent one on the part of
teacher as well as pupils. If you would have it quiet, keep quiet yourself.

For suggestion for correcting books or papers, ses mote to * Author’s Letter to
Pupils” (Leason Sheet No. 1). This method of studying science furnishes one



of the best opportunities for discipline in English composition; for pupils have
something to write about, consequently essay-writing becomes easy and pleasurable,
and pupils form the invaluable habita of writing upon subjects about which they
know something, and of expressing their own thoughis and discoveries. In fact, the
many incidental benefits derived from the course are of more value than even the
physical knowledge gained. Moreover, aside from the particular physical facts that
the pupil discovers, there are penernl ones of much greater value which can
neither be understood nor appreciated unless hed through the individual experi-
mental method ; such s the fact that the answers obtained from nature depend upon
the questioner; that they approach the truth in propertion as the question is properly
put, and the answer carefully read; the immutability of the operation of natare —
the fact that exactly the same canses always prodnce exacily the same results; the
fact that thers is no such thing as chance, every effect having its causs; the fact that
the so-called “nataral laws” are simply our explanation of Nature’s uniform operations.
By this method of study, a8 one of our critica has put it, “the pupil comes to ses
things a5 they are, and not as he thinks they ought to be.”

APPARATUS.

Of no less importance than the outline of the course in physies is the apparatns
with which the experiments are performed. To meat the wanta of grammar schools,
the apparatua should be neither extensive nor expensive, but it should be suffivient and
of an interesting character. In crder to obtain from it the best discipline, not only
should the apparatus itself be carefully conaidered, but the means by which it is pro-
vided. Theoretioally, the plan for using home-made apparatus is the best, but this
plan has usually failed to be very eatisfactory in praotice, because of the erndeness
of the methed by which il was attempted. Pupils will do much in the line of making
their own appamtus after they have become interested in the work, but generally
not at first.

We have found it the best plan to provide the pupil at the beginning with
simple apparatus for trying interesting experiments ; then to lead him, after his interest
in experimental science is aroused, to increase his stock by such pieces as he can easily
malke for himseli. No matter how ﬁimple it is, he tukes more interest in experiment-
ing with apparatus provided for the purpose, espeeially if it is of his own make, than
in nsing articles not set apart or especially fitted up for his purpose. Just as the
little girl loves her corner play-house, with its miniature tea-set or shelyes of broken
crockery, so the older child loves s little work-shop or laboratory, with its supplies
of his own making.

Interest the pupil in experimental science; then provide him with files and a little
glass and rabber tubing, and he will tind his own cans and bottles, and make his own



