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EDITOR’S PREFACE.

A MANUAL of instruction in natural science for use
in the elementary schools has long been in request; but
attempts to supply this have hitherto failed, for one of
two reasons. KEither they were one-sided, giving too
much prominence to some narrow field of science and
apparently assuming that other fields had no claim on
the attention of the pupil, or else they have given too
little assistance to the teacher or the pupil, and have
limited themselves to offering vague general directions
as to matter and method. The teacher’s manual should
give much of the matter to be taught, and make defi-
nite references to other sources of information for much
more material. Above all, it shonld illustrate methods
of instruction; it should show the method of investi-
gation adapted to each province of Nature. A dry list
of topics, although arranged in the proper sequence, does
not make a sufficient manual. It should give enough of
the results of scientific research to set the teacher and
pupil on the right track of inquiry. It should direct
his investigation in a twofold direction: First, to au-
thoritative books written by competent scientific men,
and setting forth in a clear and succinct manner the re-
sults of the observations and experiments of scientific

specialists in each field. Second, it should direct the
™
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teacher and pupil how to get access to the real objects in
Nature, and how to verify for one’s self the discoveries
that have been made by the specialists. For this purpose
the book must illustrate by a sufficient variety of experi-
ments the method of discovery in each field of research.
The school attempts to place the pupil on the point.of
advantage where he can profit by the results and by the
methods of his predecessors. He must get not only the
dead results, but also the living method—the method of
observation and discovery. '
The powers of observation are strengthened chiefly by
learning to think about what one sees. It is often held
that observation is cultivated only by using the senses.
But sharpness of the senses is a different matter from
the capacity for scientific observation. The latter is a
matter of apperception, and not of mere perception. It
is the act of recognizing, and not the act of mere seeing,
that gives us scientific knowledge. The acute seeing
of the hawk or the greyhound does not lead to science.
The dim eyes of the aged Humboldt see a thousand cir-
cumstances in the object which escape the eyes of the
bird and dog, because Humboldt’s eyes are armed with
the experience of the human race and with the methods
discovered by a long line of scientific men. He brings
with him their results and their methods, and a swift
glance interprets the object even when dimly seen. From
the details partially seen the observer knows the rest.
Louis Agassiz or Theodore Gill could make a drawing of
the entire fish from seeing only a scale; this has been
done even when only the scale, and not the fish itself, had
ever yet been seen by the one or the other. The geolo-
gist Lyell could read its history in a pebble. The archse-
ologist Winckelmann could recognize a Juno, a Diana, or
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a Venus in classic sculpture if only the eye were uncov-
ered and all the rest concealed. Such is the power of the
reflective intellect, which discovers relations and interde-
pendencies, to re-enforce the perception of the senses.

The first step above brute instinct begins when man
looks beyond things as he perceives them with his eyes,
ears, and hands, and commences to consider their possi-
bilities. He then begins to add to his external seeing an
internal seeing, and the world soon assumes a new aspect :
each object appears to contain more than what is im-
mediately visible and tangible; for there is a sphere of
possibility environing it, a sort of halo about it in which
shine other possibilities that essentially belong to the
nature of the object perceived—namely, the past stages
of development through which this object has become
what it is, and the future stages through which it is
destined to pass in its natural course of development.
The sharp eyes of the lynx or of the eagle can not see
this halo of possibilities; but the scientific man, endowed
with this new faculty of inward sight, perceives, or rather
apperceives it at once. He sees in each object its past
and its future, and a great variety of uses and adapta-
tions, transformations and combinations, in a long series
stretching into the infinite behind each visible thing.
The bodily eyes see the real objects, but not the infinite
trails; these are invisible, except to the mind armed with
science. The senses perceive what is now and here; the
scientific mind makes a synthesis, and sees what is present
in the perspective of all times and places.

What is called directive power on the part of man, his
combining and organizing power, all rests on this power
to see beyond the real things before the senses to the
ideal possibilities invisible to the brute.
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The more clearly man sees ideals the more perfectly
he can construct for himself another set of conditions
than those in which he finds himself.

Each object in the world exists now in one of its
many possibilities; its reality of the past has changed,
and its reality of to-day will give way to other forms of
reality in the future. An acorn to-day was an oak blos-
som once, and before that a bud ; it will be a sapling, and
then an oak tree with a crop of acorns. But the senses
can behold only one particular phase of this development
—what happens to be then present. Science collects
about each object all its phases of existence, for it is the
systematized result of observation; it teaches the student
to look at a thing as a whole, and see in it not enly what
is present but has been realized before and now out-
grown, as well as what is now potential and will by and
by come to be. Science unites facts into a system in such
a manner that each fact throws light on the other facts,
and thus all facts help to explain each. This is the defi-
nition of science.

From science comes the ability to conquer Nature and
relieve mankind from mere drudgery for the sake of food,
clothing, and shelter. For science lights the way to
combinations of matter and force—to inventions where-
by the energy in nature may be made to produce the
supply of the human wants of food, clothing, and shel-
ter.

The civilization in which we live is well described as
scientific. It is the application of science to the inven-
tion and use of labor-saving machines that increases the
productive power of the laborer. There is less and less
place left for the mere drudge, who is all hands and no
brain. Machinery can do his work so cheaply that his
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wages must grow more and more inadequate for his sup-
port. But for the educated laborer, armed with science
and able to direct machinery, there is ever-increasing
productive power and a continually increasing share in
the productions of industry.

Science leads te invention, and invention leads to the
demand for a scientifically educated class of laborers.
Education emancipates the laborer from the deadening
effects of repetition and habit, the monotony of mere
mechanical toil, and opens to him a vista of new inven-
tions and more useful combinations.

This changes the conditions of apprenticeship. The
old seven-year term of apprenticeship was necessary when
so much depended on nicety of manipulation. To-day
the machine substitutes mechanical nicety and precision
in place of skill of hand and eye. All that is required is
a scientific knowledge of the machine and of the material
that it works upon. Gladstone estimated, in 1870, that
the productive power of England doubled once in seven
years by the increase and improvement of machinery.
The production of the people of the United States in-
creased from twenty-five cents per day for each man,
woman and child in 1850, to forty cents per day in 1880,
chiefly by the introduction and use of machinery.

In view of the influenoce of science on our civilization
it would seem important to introduce the pupils of our
elementary schools to the results and methods of science
as early as possible. This depends mainly upon the
mathematics involved in science. Some sciences demand
higher mathematics, and must be postponed until the
high school or the college course. Nearly all the sciences,
however, have qualitative and quantitative aspects that
may be made of interest to the young pupil. This makes
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it possible to arrange a spiral course of study in natural
science extending from the commencement of the .pri-
mary course of study to the last year of the college. The
first cycle deals with objects'fa,miliar to the experience of
the child of seven years and teaches him how to observe
and classify. In teaching him classification it describes
the results of observation and experiment thus far accu-
mulated, and helps him to verify them by experiments of
his own.

It is very important to have the scientific studies cover
as fully as possible all the provinces of Nature. 1. There
is the inorganic province, containing the two fields of as-
tronomy and physics (including chemistry). 2. There is
the organic province, containing the plant and the animal.
Mr. Howe, in this work, has accordingly made his course a
spiral one, ascending from a first cycle of lessons treating
the four aspects of nature—1, stars and earth; 2, minerals
and rocks; 3, plants; 4, animals—to a second, third, and
fourth cycle, each adapted to a more advanced class of pu-
pils. He has taken great pains to so grade the work that
the pupils will be found ready at each step of progress to
take up profitably the topics assigned. His happy selec-
tion of objects in the four fields of nature study here in-
troduced insures the constant interest of the pupil; but
the most valuable feature of this book is the detailed hints
and directions to the teacher and pupil that will secure
correct and accurate habits of scientific observation.

W. T. HARRIS.
WasHiNgTON, D. C., September, 1894.
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ORIGINALLY prepared for Mrs. Alice Putnam and her
training class in 1879, these lessons have since been used for
fourteen years in my own classes and in a modified form
presented many times to the teachers of Chicago and else-
where. Long urged to put them in print, a year’s leisure
has enabled me to carefully revise them, and it is with an
increased measure of confidence in their helpfulness that
they are now presented to educators.

The result of this progressive, systematic work in science
has been exceedingly satisfactory. Interest has rarely .
flagged, and the senses have been developed to a surprising
degree. The hand has been trained in the art of experi-
ment, and the mental powers have made a steady and
healthy growth. An exactness and freedom in expression
have been attained, and this is the truest index of a mind
full of observed facts, and trained to the thoughtful consid-
eration of matters presented. The advanced pupil has gone
to the study of books with ease and profit.

Such substantial results alone would justify the time spent.

Moral Influences.—But this work has reached deeper and
further. The inborn love of childhood for birds, flowers,
and pretty stones has quickly responded to wise encourage-
ment and become the present source of much happiness, and
this of the purest sort. Incidentally tending to keep out
low pleasures, it has been in many cases the prelude to the

recreations of mature life.
' (xi)
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Results Real. —That these fruits of science teaching are
not chimerical, I have the assurance of those instructors
under whom I have been so free to test these plans of work;
the words of encouragement from parents; and, best of all,
the lives of many pupils. To the advanced instructors of
to-day the value of science teaching is no longer in question.
That with the pleasurable acquiring of much useful knowl-
edge, the senses can be quickened, the mental powers devel-
oped, and a loving interest in ever-present and pure things be
fostered, which in mature life shall render us in a great de-
gree independent of time, place, or man’s device for needed
recreation, is certainly all that need be said in its favor.

Time saved in the End.—Not even time is really an ob-
stacle ; for repeated experience has shown the ease and
rapidity with which physics, physical geography, botany,
etc., have been mastered after this elementary training.

The real trouble has lain in the way teachers were taught,
the difficulty of getting material, and the haphazard, aimless
method in which subjects were presented.

It is with a sincere wish to smooth away some of these
very real obstacles, and aid those who desire to take up this
delightful line of work, that I present the results of years of
study as to the best order of presentation and the most easi-
ly obtained material which would answer the purpose aimed
at. This has all stood the test of actual and repeated teach-
ing to pupils and presentation to classes of teachers and
others, except the first ten Steps, which I have worked out
at the request of Col. F. W. Parker, seconded by many
teachers of the lower grades.

Graded Work made possible.—I have also outlined the
work in such a way as will enable a teacher to begin where
his predecessor left off, with full knowledge of what has
been done and a definite plan of what to do next; thus
making it possible that the science work of a school may be
systematic and progressive through all the grades.

Nor has my thought been entirely of the teacher. Two
classes of children have especially appealed to me :
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First. The children of the country districts, who spend
their lives amid the scenes of nature and yet in maturity
are, as Whittier says,

*“ Blind to the beauty everywhere revealed,
Treading the mayflowers with regardless feet ;
For them the song sparrow and the bobolink
Sang not, nor winds made music in the leaves;
For them in vain Octover’s holocaust
Burned, gold and crimson, over all the hills,
The sacramental mystery of the woods.”

Not only would untold happiness come into these lives if
the love of innocent childhood for nature could be fostered
{ill it broadened into the refining and elevating appreciation
of 'the men and women, but the habits of scientific thought
and inquiry would mean wealth besides.

Second. The children of the city see so little that is natural
and so much that is artificial that their lives, never feeling the
sweet influences which flow from communion with flowers,
trees, and birds, acquire a restless, nervous mode of life which
nothing but the saloon, gambling table,and theater can satisfy.

Even for these much might be done. By the co-opera-
tion of the park authorities or special greenhouses and sup-
ply depots with delivery wagons, the teacher in the city
ward could have the needed flowers, frogs’ eggs, etc., sup-
plied. Nowhere else would such lessons be more appreci-
ated, and the effect of the introduction of a few boxes of pots
with sprouting morning-glory seed, or some pans of cray-
fish or frogs’ eggs, in which each “street Arab” felt he had
a share, would do wonders in the discipline, the work in
language and drawing, to say nothing of the character.

To these two classes especially has my heart gone out in
a desire that, with Whittier, I might

« Invite the eye to see and heart to feel
The beauty and the joy within their reach—
Home and home loves, and the beatitudes
Of nature free to all.”
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To SUPERINTENDENTS, SCHOOL BOARDS, AND OTHERS IN
AUTHORITY.

Permit a disinterested student of school methods to offer
some suggestions bearing on science work.

Deal generously with your Teachers.—Not only pay
them well, but ¢rust them. They will do better work if
given the freedom to do it in their own way ; and if un-
worthy of trust, they are unworthy the delicate and vital
task of molding the characters of our children, and should
be at once dismissed.

If a teacher desires, or is willing, to take fifteen or twenty
minutes a day for a science lesson, aid her with the few
dishes, window boxes, and specimens she may need ; or;
better still, place a small sum of money at her disposal to
be strictly accounted for.

Apparatus.—Never buy an elaborate set and then seek a
teacher to use it. Teachers differ, and will reach the same
end in a number of ways. Hence, secure your teacher and
-let the apparatus he or she can best use be selected. Then
keep the teacher if satisfactory.

Be patient if the teacher seems earnest in her work.
Only very weak things grow in a day, and if really good
work is being done, the substantial results must of necessity
be slow in appearing. If the children are learning “to
think to a conclusion,” if they are becoming observant, if
they are interested in their school and go home full of the
things they have seen and done, do not criticise because
those “ things” are *bugs and weeds,” nor complain because
more words are not learned or arithmetical problems solved.
The “words” may be meaningless and problems mechan-
ical, but active, willing seeing and thinking is in the line of
all that is desirable.

Teacher's Diary.—In engaging a teacher, have it under-
stood that a brief diary of each subject taught shall be kept,
and at the close of the year there be entered a complete list
of all classes, what each had done during the year, where
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they left off, and what the plan is for the coming year. De-
posit this in a safe place for whoever has the school next.
Then, in case the calamity and incident loss of a change
of teachers falls upon your school, the new one will be
greatly helped to get her bearings, and at least a month’s
salary and progress be saved to your school and children.

E. G. Howk.
CHAMPAIGN, ILL., September, 1898,






CHART,

Showing the work of each year, the relation of the dif-
Jerent steps to each other, and brief suggestions as to
how science 13 related to other work.

THE STARS AND EARTH.
MINERALS AND ROCKS.
PLANTS.

ANIMALS.

Read across for each year’s work and down for each
subject.
Roman numerals always indicate sfeps.

(xvil)



YEAR OF

‘WORK.

A. THE StaRrs
AND EARTH.

B. MiNerALs AND Rocks.

1st.

The Skies (general). II

Metals sorted. ILL. Win-

Early winter. 10 lessons. ter. 12 lessons.
2d. The Moon. VIL. Win- Minerals sorted. VIIIL
ter. 10 lessons, Winter. 15 lessons.
8d. The Earth. XVIL Minerals and Rocks sorted.
Spring. 20 lessons. XIV. Winter. 15 lessons.
Pebbles. XV. Winter.
80 lessons.
4th, The Earth (continued). How Sharp Stones came
XXII. Late spring. 20  to be. XX. Winter. 25 les-
lessons. sons.
Plane Form and Color.
XXI. Winter. 20 lessons.
5th. The Solar  System. Metals studied. XXV.
XXIV. Early winter. 20  Winter. 20 lessons.
lessons. Solid Form. XXVI. Win-
ter. 15 lessons,
6th. Gravitation. XXX, Late Molecule Lessons. XXXI.
fall. 20 lessons, Winter. 60 lessons.
Tth. Light, Telescope, Spec- Crystals. XXXVI. Win-
troscope, Laplace. XXXV,  ter. 25 lessons.
Late fall. 30 lessons. Mineralsstudied. XXX VII1.
Winter. 40 lessons.
8th. The Early History of the Coins. XLII. Winter.
Earth. XLI. Winter. 80 10 lessons.
lessons. Earth - making. XLIII.
Spring. 40 lessons.
9th. Other Systems than Rocks. XLVII. Winter.
Ours. XLVI. All through 50 lessons.
year. 20 lessons.

xviil



C. PLaNTS.

D. ANmMALS.

Sorting Seeds and Fruits. 1.
Autumn, 20 lessons.

Buds. IV. Spring. 15 les-
sons.

Eight Home Animals. V,
Early summer. 35 lessons.

Roots and Stems. VL Au-
tumn. 10 lessons.

Typical Leaves. X. Early
summer. 15 lessons.

Twentg-three Familiar Ani-
mals of Spring and Moral Les-

Trees. XII. Autumn. 12 les.

Woods and Barks. XIIL
Winter. 15 lessons.

Flowers. XVII. Late spring.
25 lessons.

sons connected. IX. Spring.
50 lessons.
Thirty-three Foreigh and Less

Familiar Animals. XI. Au-
tumn. 50 lessons.

Fruits studied. XVIII. Au-
tumn. 25 lessons.

Boy studied. XIX. Early
winter. 50 lessons,

The Life History of One

Boy Study applied to a Series

Plant. “Morning-glory Les- of Typical Animals. XXVIIL
sons.” XXIII. Autumn. 45  Late spring. 50 lessons.
lessons.

Relationships of  Plants. Winter Quarters of Animals,
XXVIII. Autumn. 380 les- XXIX., Late autumn. 20 les-
sons. sons.

(To man, see Step XXXII.) Man at Home. XXXII

Spring. 40 lessons.

Winter Quarters of Plants. Life Histories of Types.
XXXIV. Autumn. 30 lessons. fIXXVIII. Late spring. 40

essons,

Parts and Structure of Fruits.
XXXIX. Autumn. 20 lessons.

Corn and Beans, XL. Au-
tumn. 25 lessons.

Life Histories of Types (con-
tinued). XLIV. Spring. 40
lessons.

Important Families of Plants
at Sight. XLV. Autumn. 25
lessons.

Important Families. XLIX.
Late spring. 25 lessons.

Animal Groups. XLVIIL
Spring. 40 lessons.




YEAR oF FEELING AND HEARING AND SEEING AND
WoRk. ToucH. Eag. EyE.
I1st.  Sorting seeds. Sorting of seeds,
€ Animals, buds, and met-
Sorting metals. als.
Animals,
2d. Minerals. Roots and stems.
Animals, Minerals,
Leaves (surface). Leaves.
Animals.
8d. ‘Woods and barks. Trees.
Rocks. Animals, Woods and bark.
Pebbles. Rocks.
Animals. Flow-
ers,
4th,  Fruits. Boy’s ear. Fruits.
Bo h Form (lane)
touch). orm (plane).
v ( ) The earth.
6th.  Metals. Morning-glory.
Solids. Boy lessons. Metals.
Boy lessons. Solids.
Boy lessons (eyes,
ete.).
6th, Molecules.
Animal lessons, Animal lessons,  Collections made.
7th,  Crystals. Light and the eye.
Minerals. Orystalsand min-
Animal sensation, erals (optical).
Plants.
Animals.
8th,
9th,




—

SMELL, TASTE. PHYSIOLOGY, ETC.

Seeds and fruits  Seeds and fruits tasted.
(odors).
Buds (odors). Buds tasted. Boy.
Animals (nose), Animals—food and
tongue.
Roots and stems. Roots and stems tasted.
Animals (nose). Minerals—salt, etc. Through animals,
Leaves (odor). Axfn'm;ls—tongue and
ood.
Leaves tasted.

Trees. Trees, woods, etc.
Woods. Through animals.
Rocks (clay, etc.). Animals—tongue and
Flowers. food.

Fruits (know by
smell).

Fruits, by taste.

Boy—useand care

Boy’s nose. Boyf—tongue, and use of parts, etc.
of.
M.-glory (use of  Morning-glory. Reproductive
ors). process illus-
Metals. Metals. trated in plant
Boy lessons, Boy lessons. life.
Boy lessons.
Plants (odors). Plants. Man (foods).
Man. Man. Molecules,
Plants(poisonous,
ete.).
Minerals, Minerals, Winter quarters
of plants.
Animals(compar-
ative).
Fruits as food.
Animals,
Plants,
Animals.




YEAR oF

WORK. CoLoR. Form,
1st.  Seeds and fruits. Comparison  Seeds and fruits.
with standard colors. Skies.
Metals (metallic). Metals,
Animals (comparison). Buds.
2d. Roots and stems, Roots and stems.
Minerals, Minerals,
Leaves. Leaves.
Animals (use of, etc.).
8d. Minerals, Animals.
Trees and woods. Trees (top, ete.).
Flowers, Comparewithstand-  Pebbles.
ard. Flowers.
Animals.
4th.  Fruits, Compare with stand-  Fruits. Variations in
ard colors, form.
Use of colors in other work, Plane form.
bth.  (Advertises, etc.) Morning- Morning-glory (a guide).
glory. Solids.
Metallic, in metals.
Use, to animals.
Coloring diagrams, ete., in all. )
6th.  Plants and insects. Plants.
Animals (winter change). * Molecules,
Man, Animals,
7th.,  Winter quarters of plants. Crystals.
Minerals, Minerals,
Animals,
Spectroscope, ete. (XXXV.)
8th,
9th,




. NuMBgr.

Si1ze AND WEIGHT.

Seeds. Seeds (comparison).
Maetals. Metals (relative).
Buds.
Animals,
Moon (months, ete.). Minerals (relative).
Miner)als (specimens of each,  Leaves (relative).
ete.).
Leaves.
Animals. Rocks (relative).
Roe Pebbles (relative).
Flowers, Trees (relative).
Flowers (relative).
Fruits, Fruits (comparative).
Boy. Boy (sense of weight cultivated).
Form, Form and metric measure.
Morning-glory (parts, etc.). Solar system,
Solar s st’.gemry Meta.ls.y
. Solids (measurements, etc.). Solids.
Boy lessons.
Gravitation. Gravitation,
Molecules. Molecules (use of metric volume),
Stars and earth, Crystals,
Crystals, Minerals,
Minerals.
Fruits. The earth,
Coins. Coins, etec.
Earth-making.
Plants. Earth (specific gravity, volume,
Rocks. ete.).
Animals, Rocks.




YEAR OF

WOoRK. Hanp TraAINING. Drawing,
1st.  Seeds (touch). The skies.
Skies) (sewing star-groups,
ete.).
Metals (bend, ete.).
2d. Moon) (pasting four phases,  Roots and stems,
ete.).
Minerals (hardness, etc.). Leaves.
Leaves (sew, mount, etec.).
3d. ‘Woods. Earth (disgrams),
Rocks (labeled).
The earth, Flowers.
4th,  Sharp stones, Fruits.
Plane form. Plane form,
The earth (charts). Boy.

6th. Morning-glory (in experi- Morning-glory cards.

ment), Solar system (diagrams).
Metals. Solid form and measure.
Solids made.
6th,  Gravitation (experiment), Plants.
Molecules (experiment). Star work.

Arranging collections.

7th.  Plants. Winter quarters of plants
Star work. Star diagrams. '
Crystals. Life histories of animals.
Minerals.

8th. Fruits,
Corn and beans lessons.
Earth.
Life histories of animals,

9th, Illustrating plant families,
Stars and earth (diagrams).
Rocks.

Animal groups.




PaINTING.

MobpELING.

Seeds and fruits.
Eggs, etc., of animals,

Coloring sections of roots and
stems,

Model roots.

Leaves. Leaf impressions,
The earth (diagrams), rseculisrities).
Animals (special points).
Flowers, Pebbles
Fruits, Fruits.
Boy. Boy (special points of structure).
Form. Sharp stones.
Form.
Cards and diagrams for morn-  Solar system.
ing-glory. Solids.
Solar system.
Coloring of cards and drawings. =~ Winter quarters of animals.
Man at home.
Coloring of all drawn work. Plants in winter quarters.
Crystals.
Fruits.
Colors in connection with all  Corn and beans lessons.
illustrating. Relief of the earth’s surface.
Rock formations, ete.

Colors in connection with all
drawn work.

Plant families.




YEAR OF

WORK. GEOGRAPHY. CHEMISTRY.
1st.  Map and globe in sight and Metals (elements).
constantly referred to.
Points of compass, etc., in Animals,
skies,
2d. Observe moon. Minerals.
Locate all places spoken of. Animals.
3d. Locate places on globe and
map.
The earth (longitude, time). Animals,
Relief of land, etc.
4th,  Locate all places spoken of. Sharp stones.
The earth (latitude, seasons). Boy (air, COs, etec.).
Relief of land, etc.
6th. Locate places on map and  Morning-glory. CO,, etec.
globe. Metals. Candle flame,
The earth as a member of rusting, etc.
the solar system. Boy lessons,
6th.  Locate and read of places. Plants.
Gravitation and the tides. Molecules,
Man at home,
Distribution of plants.
7th.  Constant use of maps and  Winter quarters of plants.
globe. Star work (spectrum, etc.).
Distribution of mineral  Crystals.
wealth shown. Minerals.
Climate.
8th.  Continued location of places.  Earth and earth-making.
History connected with coins. Plant lessons.
Natural divisions.
9th.  Distribution of plants and

animals geographically.

Rocks.




Prysics.

IMAGINATION.

Skies. (Compare, etc.)

Metals (magnet). Hardness, ete.
Covering of buds,

Animals,

Skies, Mental picturing.

"The moon,
Minerals.
Animals,

Moon. Mental picturing.

Animals,
Pebbles. Barometer, etc.
Earth,

The descri{)tion from memory
of animals, trees, etc.

Mental picturing of the proc-
esses in pebbles, ete.

Boy.
Sharp stones.
Light, heat, etc., in “the earth.”

Trying to form mental concepts
of the earth.

Sharp stones. Mental pictures
of processes, and examples.

Morning-glory. Experiments.

Concepts of other worlds than

Solar system. ours, and their relations.
Me Morning-glory work thought
Boy. out,

Solids.
Plants, ' Plants. (Conditions conceived.)
Winter quarters of animals. Mental concepts of effects of
Gravitation. gravitation.
Molecules, Work in molecular structure.
Winter quarters of plants. Concise description cultivated.
Stars. ?Light, ete.) Concepts of light.
Crystals. Crystals.
Minerals.
Fruits. (Opening, ete. Generalization begun.
Star work. pening, ete.) Mental concepts of earth’s his-
Earth making. tory and rock formations.
Star work. Generalizations continued.
Rock making. Expansion of astronomical ideas.

Animal mechanism.

Rock changes, ete.




YEAR OF

WORK. LANGUAGE. REeapING.
1st. Encourage the natural flow Read choice things bear-
of talk about the objects, and  ing on the work. * Black
only correct gross errors. Beauty,” etc.. to teach

kindness to animals.

2d. Encourage description of Choice selections read
all objects. Commend con-  to class. Make connection
ciseness and clearness, but  between the thing to its
criticise very little. picture, and then “word

picture.”

ad. Let descriptions become Continue to link the
more ezact, and by constant object, its picture, and the
exercise train in that direc-  word.
tion.

4th. Ezact terms will now be at Read to pupil, and then
command. Encourage terse-  let him reread to himself.
ness by their use. Class begin lists of books

to read under guidance of
teacher.

5th. Morning-glory cards; signs Stimulate by choice
and colors as indicating cer-  extracts. Pupils reread
tain things. Nofes will now  known stories.
give opportunity for brief and
exact written description.

Gth. Notes kept. Use of in- Books of travel read. Sir
creased vocabulary in descrip-  Isaac Newton’s life. Lit-
tion, definition, etc. erature of missions to aid

in knowledge of man at
home.

7th. Notes kept. Terse and ex- Of Galileo and Laplace,
act description. Vocabulary  Sir William Thompson,
of understood words in-  etc. Mineralogies consult-
cl ed. Physics consulted.

8th. Notes and description. Geologies, physiogra-
Terse and exact generaliza-  phies, botanies, ete., con-
tion. Mental concepts of phe-  sulted, and best ones rec-
nomena put into words. ommended. Book on coins.

9th. Training in the compre- Astronomies, geologies,

hensive grasp of detail (ex-
pressed). Generalize. Notes,
etc., kept.

and books on systematic
botany and zoGlogy con-
sulted. Lives of Linneus
and Cuvier. Ecce Ccelum,




Usk oF Books.

MoORALS AND CHARACTER.

Pictures shown. Teach
care and neatness in use of;
not to drop, tear, or soil.

Self-control in care and use of

specimens, especially those good to
eat. Character illustrated y ani-
m;

Child find pictures to
match objects, Teach how
to cover; place for name,
ete.

Self-control, especially in miner-
als. Kindness to animals. Char-
acter as typified by animals.

Continue to match things
and pictures in books on sci-
ence, ete.

Animals; continue to note the
desirable traits. Self-control in
care of specimens.

Match things with cuts
and read descriptions. Teach
child how to gather and care
for his personal library.

Self-control in fruits. Boy. The
earth. Inspiration of great sub-
jects and vast distances, etc.

Consult for information.
Teach use of index and
glossary.

Morning-glory. Emphasize the
beauty and wonder of plant repro-
duction. Neafness in notes and
drawing. Honesty in care of speci-
mens.

Use of maps and charts
taught. Gazetteer and sim-
ple encyclopedia explained
and used.

Care and neatness in drawing
and coloring, notes, etc. Exactness
and thought through experiment-
ing. Reverence through gravita-
tion. The brotherhood of man.

Dictionary used to define.
Use of marginal and foot
notes. Concordance, etc.,
taught.

Neatness and care in notes, ete.
Advance in knowledge of repro-
ductive functions through animal
development.

Extend knowledge of de-
sirable books. Show how to
catalogue & library and to
keep list of loaned books.

With the ufmdual unfolding of
the wonderful and sublime in nat-
ure should be a deepening sense of
the power and wisdom of the Crea-

Teach how to make some
sort of card catalogue of
topics. Use Dictionary of
Authors and Familiar Quo-
tations, etc.

tor, and the majest{ of seemingly
puny man. In the light of revela-
tion this should develop into rev-
erence and love to God.

xxix






SYSTEMATIC SCIENCE TEACHING.

INTRODUCTION.

GUIDING PRINCIPLES.

Certain -principles have governed me in this work, a
statement of which will throw light on the why and where-
for of what follows :

1. A child can be led to any height if the steps are made
short enough.

2. The mental powers must have exercise to grow.

3. The senses are capable of cultivation, and will then in-
crease our “correspondences.”

4. The mind derives its ideas from the perceptions of the
senses. :

5. Ideas (i.e., suggestions) will manifest themselves in
corresponding words and actions, or, as *“seed thoughts,”
develop into new and original discoveries and inventions. .

6. Feeding.—Childhood is the time to grow and fill up.
In this stage the pupil should see and handle.

7. Assimilation.—In youth the more mature brain is able
to act upon the gathered material of childhood, systematize,
correlate, reason, and deduce. Pupils should be guided to
experiment and observation.

8. Reproduction. —Maturity (as to its character) will be
largely based on the resultants of (a) the accumulations of
the child ; (b) the deductions of youth. Pupils should now
be led to subjects involving generalizations.

9. The value of first impressions is so great that every
care should be exercised to make them clear and accurate.

3 (6))
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10. To be fixed, 1mpressmns ‘must be repeated.

11, Things must be seen from different standpoints and
in varied relations. Let the repeating involve this and be
a new view as well as a review.

. 12. No subject is so profound but its central truths can
be taught to very small children.

13. These *“‘central truths” will become * seed thoughts,”
developing naturally with the child’s growth, and serving
as centers of attraction for related facts.

14. Work from the simplest, the general—and that with-
in the child’s experience—to the complex, particular, and
unknown or unobserved.

15. Tell nothing which can be taught in any other way.
Do nothing for the child that he can do for himself.

Hence, in the work which follows, I have endeavored to—

1. Get the child to see and handle a wisely chosen and
comprehensive series of stones, plants, and animals.

2. Lead to closer observation, and thus increase his ac-
quaintance,

8. Cultivate the powers of decision and still further
widen the range of his acquaintance.

4, Systematize and observe the relation of things to each
other.

Guided by these principles, I have arranged the work in
science under four heads, as shown in the following outline.
The relation of these topics to each other, and the school
work in general, is shown in the chart.

A. THE STARS AND EARTH. .
An Outline of Work, and Reasons for the Same.

1. A general look at the skies, to introduce the subject

an.x
Learn some star groups which can always be seen, and
their story in myth. -

* Roman numerals refer to the Step.
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2. The Moon.—Our nearest neighbor, and an easily ob-
served type of the earth. Her light, shape, motions, phases,
the months, etc. (VII).

Some star groups seen early on summer evenings and
their stories.

3. The Earth.—An application of the study of the moon.
Shape, daily motion, time, longitude and its use, eclipses,
etc. (XVI).

Eassily observed constellations of spring and their stories
in myth.

4. The Earth.—A continuation of 3. Her annual mo-
tion, the seasons, latitude and its use, the zodiac, ete.
(XXII).

Six constellations of the zodiac learned and their stories
in myth, etc.

5. The Earth's Fam.lly Relations.—Sun, planets, comets,
etc. Their relative distance and size. The speed of light,
ete. (XXIV).

The remaining six constellations of the zodiac and their
stories. .

6. Gravitation.—How these rapidly moving bodies are
held together. Newton. The study of a sublime generali-
zation, which also supplements the work on molecules, etc.
Tides, falling stars, etc. (XXX).

The constellations and story of the Argonauts.

7. More Light needed.—The six preceding points have
brought us to where the eye needs help. The study of light,
mirrors, lenses, and the telescope (XXXV).

Some things the telescope reveals. What the spectro-
scope adds. Nebulz and the theory of Laplace. Constel-
lations and story of Perseus.

8. The Earth's Early History.—Application of the theory
of Laplace to the study of the earth’s form, motions, sur-
face, rocks, etc., preparing for the succeeding steps on earth-
making and rocks (XLI).

Use of telescopes and star maps to add to knowledge of
heavens,



4 SYSTEMATIC SCIENCE TEACHING.

9. Other Systems than ours.—To extend and widen the
grand conceptions of astronomy by study of parallax; dis-
tances of sun, moon, and some other suns and systems
(XLVI).

Continue work with glass and maps, star lanterns, etc.,
to fix the interest.

B. THE MINERAL KINGDOM.
An Outline of Work, and Reasons for the Same.

1. Metals sorted. —Many are already known to the child,
and they make the simplest starting point. Prepare for 2,
8, 12, and 13 (III).

2. Minerals sorted.—More difficult than metals, and pre-
pare for 3 and 12 (VIII).

3. Rocks and Minerals sorted. —An advance in work
and new ideas (XIV).

Lead to and prepare for 14 and 15.

These lessons (1, 2, and 3) will have given the child a
chance to see and handle a well-selected and typical set of
material. Now proceed to narrow and intensify the obser-
vation.

4. Pebbles, and how they came to be. The work of
moving water. Earth sculpture, etc. Lead to and prepare
for 5, 6, and 14 (XV).

5. How Sharp Stones are made, by Roots.—The power
of vegetable growth. Continues 4 and prepares for 14
(XX).

6. Sharp Stones, by Frost.—Power of expanding water.
Continues 5, introduces to simple experimenting, and leads
to 10, 11, and 14 (XX).

7. Plane Figures and Color.—This is required for the
work in crystals, etc. The metric measure alone should be
used to familiarize the pupils with this beautiful and scien-
tific system (XXT).

8. Metals studied. —Review of 1; introduce more per-
sonal experiment and its recording. Prepare for 10, 12, and
13 (XXV).
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9. Solid Form,—To prepare the way for 11, ete. (XXVTI).

10. Molecule Lessons.—To give clear and correct con-
cepts in physical matters; advance in art of experimenting
and prepare the way for 11, 14, and 15 (XXXI).

11. Crystals.—An addition to the work of sharp stones
by frost (6) and preparation for minerals (12) and rocks (14
and 15) (XXXVI).

12. Minerals studied. —Addition to 2 and 3, application
of 9, 10, and 11, and preparation for 14 and 15. Exceed-
ingly valuable in strengthening the powers of decision
XXXVII).

13. Coins.—Completes work on metals (1 and 8) and con-
nects with man (XLII).

14. Earth-making.—Other ways of making sharp stones
(5 and 6), and how the continents are leveled and sculptured
and material for sediments made. Application and compre-
hensive review of molecules (10), and all physics. Prepara-
tion for 14 (XLIII).

15. Rock Lessons,—A continuation of earth-making (14)
and completion of a systematic and experimental study of
the mineral kingdom (XLVTI).

C. PranTs.
An Outline of Work, and Reasons for the Same.

(6) A WIDE ACQUAINTANCE WITH SPECIMENS.

1. To see and handle typical seeds and dry fruits of au-
tumn (I).

2. To see and handle typical buds of spring (IV).

8. To see and handle stems and roots of autumn (VI).

4. To see and handle leaves of late spring (X).

5. To see and know common trees. The longevity of
plants (XII).

6. To know woods and barks. A winter study (XIII).

7. To see and handle typical flowers. Spring (XVII).

8. To see and handle typical fruits. Autumn (XVIII).
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(0) CrosEr STuDY AND THE Usk or ORraaNs AND ProbpucTs.

9. The life history of one plant (morning-glory). More
exact work and experimental testing begun (XXIII).

10. Relationships of plants to each other, animals, earth,
air, etc. A comprehensive review in new relations and to
aid in knowledge of the earth (XXVIII).

(For the relations of plants to man, see Step XXXII.)

(¢) ResTupY oF ParTs UNDER NEW CIRCUMSTANCES.

11. Winter quarters of plants. A study of the provi-
sions the plant makes for renewed life in the spring
(XXXIV).

12. Completes the review (under a new phase) of ear-
lier steps by a more exact study of the fruits of autumn
(XXXIX).

(@) CLASSIFICATION.

13. Corn and beans. A discovery through study of mate-
rial of some of the leading points on which classification is
based (XL).

14. To learn the peculiarities of some important families
of plants and know them at sight. Application of all pre-
vious work (XLV).

15. Continues the learning to know important families
of plants at sight (XLIX).

D. ANIMALS.
An Outline of Work.

(a) SEE AND OBSERVE.

1. Step V.—Make the acquaintance of a few house ani-
mals. Series of types in descending order from best known
(boy). Teach lessons in morals by emphasizing good traits.

2. Step IX.—Make the acquaintance of twenty-three
native animals of the spring and early summer. Moral les-
sons continued.

3. Step XI.—Make the acquaintance of thirty-three for-
eign or less familiar animals, widely distributed geograph-
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ically, to aid in correct mental concepts of different portions
of the earth, Moral lessons.

(0) LEAD TOo CLOSER OBSERVATION.
4. Step XIX.—Careful study of the best-known animal
—a boy. Simple lessons in physiology and hygiene.
5. Step XX VII.—Application of what was learned of the
boy to the study of a series of types.

(¢) ANmaLs 1N RELATION TOo BURROUNDINGS.

6. Step XXIX.—Study of relations to weather and food
under Winter Quarters. For their relation to plants, see
Step XX VIII.

7. Step XXXII.—Man: geographical distribution, focd,
etc. To add new and correct concepts of different parts of
the earth, and man’s relations to his surroundings.

(d) DEVELOPMENT.

8. Step XXX VIIIL—Life histories of some common types,
beginning with the lowest and working up.
9. Step XLIV.—Life histories continued.

(6) CLASSIFICATION.

10. Step XLVIII.—By the study of specimens lead to the
recognition of the affinity of the various groups.



STEP 1—PLANTS.
SORTING OF SEEDS AND DRY FRUITS.

Object.—To see and handle wisely selected botanical
material.

" To exercise sight, tonch amd smell.

To introduce ideas of size, weight, etc.

- To introduce color.

Time.——The autumn will be best, as material is then
abundant. About twenty lessons of fifteen minutes each, at
such time of the daily session as the pupils need relaxation.

Material. —Gather as wide a range of specimens as can
be procured, and keep in the stout bags that seedsmen use.
If these have the bright pictures of the contents on them, as
is now common, each will be readily known when wanted.
Place the bags in a deep mouse-proof box, and in such order
as to be readily found.

The best way to procure these specimens will be to begin
the term before, and let the pupils hunt them up and fill
the bags for you. Next best is to do it yourself. If both
of these ways are impossible, send the list to some reliable
seedsman, and, telling just what you want the seeds for, ask
him to send “old,” or mixed, seed as far as possible, and
omit any which may be very expensive.

The following list is from my own collection:

Frurrs (90 of each).

Ash tree. Black walnut, } with dried
Bean pods. Butternut, flesh on.
Barley (grains). Corn (grains of)—Sweet.
Buckwheat. Black (Mexican).

Bur (“clot”). Yellow (dent).
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Corn—White (dent). Peanut (pods).
Red (field). Pepper (whole black).
Striped (field). Pea pods.
Flint (yellow). Rice (whole).
Pop (various kinds). Rye (grains).
Elm tree. Sunfiower—Black.
Four-o’clock, Striped.
Maple (red and sugar). Spinach (prickly).
Negundo (ash-leaved maple). Wheat (grains).
Oats. (29 in all.)
ImpErFECT FRUITS (120 Of each).
These are less than fruits and more than seed.
Acorns—Red oak, Hickory nuts.
Black oak. Hazelnuts.
‘White oak. Filberts.
Burr oak. Pignuts.
‘Water oak. Pecan nuts.
Almonds. Prune stones.
Apricot stones, Plum stones.
Beechnuts, Peach stones.
Cherry stones. (18 in all.)
Chestnuts. .
SkeDs (150 of each).
Beans—White (lima, case- Castor beans.
knife, and common).  Cotton seed.
Black (wax). Coffee (whole and unroasted).
Brown (Mohawk). Cucumber, or muskmelon.
Yellow (early six weeks). Chocolate beans.
Purple (Gallega or cham- Date seed.
pion bush). Hemp.
Speckled (red valen- Iris, or gladioli.
tine). Lentils.
Red eye (China). Morning-glory.
Canna. Orange.
Apple. Peas—blue and smooth
Brazil nuts. (Alaska).
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Peas—Yellow (First and Pifion nut.
Best). Squash.
Green and wrinkled Salsify.
(American Wonder).  Watermelon (black-seeded).

Black-eyed (marrowfat). (white-seeded).
Sweet. (sculptured-seeded).
Pumpkin. (85 in all.)

A collection of the entire fruits found under “Imperfect
Fruits” and “Seeds” should be made and arranged with
neat labels in some case, that the children may see and
learn what has been removed. They will delight to aid in
forming this, and gain much in interest and knowledge.

This list can be easily increased, while those difficult to
procure can be omitted.

Trays and Boxes.—I have always used cardboard trays,
12 inches square and 2 inches deep. Both tray and cover
were strengthened at the corners with cloth and covered
with a dark bronze papeér, as this wore well. These by the
100 cost 5 cents each. The little boxes to go in these larger
trays were either 2§ inches square or 2§ x 2, and all § inch
deep, bound on the edge with green paper, and cost $5 per
1,000. These made movable partitions in the tray, so that
one or more could be lifted out with their contents or be re-
arranged as desired. Of the larger 25, and of the smaller
30, filled the tray.

Substitutes. —Many things will suggest themselves where
these can not be had. Shallow boxes or box covers large
enough to hold 20 to 30 small boxes will do well, and for
these, pill, pen, match, screw boxes can be used, or other
small boxes might be made by the pupils.

Each pupil will need a tray and 20 or 30 boxes.

Preparation of the Teacher.—Having procured the mate-
rial and arranged it so that the wanted thing can be at once
found, I would advise trying the following lessons. No
matter how simple the lessons may seem, it is never safe to
give them without having previously gone over the ground,
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as unexpected difficulties frequently arise, and the experience
places the teacher in closer sympathy with the work of the
pupil.

The Lessons.—Long experience in the use of mixed speci-
mens for sorting has taught the great value of this exercise.
In no other way have my pupils gained so fast or so clearly
shown their individual needs. Brought into actual con-
tact with the material, exercising all the senses but hearing,
thrown on their own responsibility as to the work, with the
result so obviously correct or incorrect, and the errors so
easily made fruitful of gain, I can imagine no more power-
ful educational weapon. Furthermore, the ease with which
the teacher can handle quite a large class ; the durability of
the outfit when once made; and last, but by no means least,
the opportunity for drill in self-control (not to eat or keep
specimens) and honesty, are points in its favor. Many ways
of giving these lessons will present themselves to the expe-
rienced teacher. The following has worked well :

Plan of Work.—There will be a gain in presenting the
subject thus :

. Sort 5 fruits of trees (3 of each).

. Sort 10 grains (3 of each).

. Sort 10 other fruits (3 of each).

A talk about fruits.

15 food seeds (5 of each), sorted.

. 10 other seeds (5 of each), sorted.

Talk about seeds.

. All imperfect fruits (4 of each), sorted.
. Why not fruits?

10 ‘Why not seeds ?

11. Chicken game*: 6 of each fruit, 10 of each seed, and
8 of each imperfect fruit.

12. Gardener game: same assortment as 11.

13. Squirrel game: peanuts, beans, ete.

14. Blindman game: large and peculiar specimens.

OO D TS W

* Explained beyond.
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In giving these out, two things must be guarded against
—first, that the number given of any one kind be suited
to the capacity of the trays, and second, that the teacher
know how many of each the pupil should return. Hence,
in the individual work I have suggested 3 of fruits, 5 of
seeds, and 4 of imperfect fruits; and for general work
(games) these numbers doubled (10, 8, and 6). With a pri-
vate key like this the teacher can tell at a glance whether
all of any class of specimens have been returned or found,
and still leave most pupils in enough uncertainty to secure
that careful inspection of the material which is so desirable.

A day or two before the time has come to begin the
series of lessons, invite (as a reward) several reliable pupils
to aid you in getting ready. Suppose there are 30 in the
class. Spread 30 trays about the room, and in each have
22 small boxes placed. Write the names of the 30 pupils
on 30 cards or sheets of paper. Place 30 boxes on a table,
and giving the ash fruits to one child, let him or her put 3
in each of the 30 boxes, and, returning, look in each to be
sure it is done. Let the red-maple fruits be distributed in
the same way by a second, the sugar-maple fruits by a third,
the elm fruits by a fourth, and the black walnuts by a fifth.
Each box or pile will now have 15 specimens in it. Place
one of these collections in each of the 30 trays.

Lay out a second 30 boxes, and in each have the 30
“grains” placed (3 each of 10 kinds), and put these in a
large tray ready to give out when the 5 tree fruits are
sorted.

In 30 other boxes put the 30 “other fruits” (3 each of 10
kinds), and you are ready for the class to begin.

On tke morrow have a talk with the class. Tell them
that some of these specimens are good to eat, and ask how
many think they can do as they want to and not eal or
break them. Speak of the value of self-control, and that
this is one important lesson to be learned from the sorting.
Offer—it will not be accepted—to excuse any who feel they
are too young or weak to resist the temptation.
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Then tell them what to do.

1. Sort the tree fruits into boxes. When done, raise
hand. If correct,

2. Sort grains into other boxes, and raise hand. If correct,

3. Sort other fruits, and raise hand.

4. Return tray with 25 boxes of 25 kinds of fruits to
teacher, who will then know whether the eyes have been
sharp, the fingers accurate, and the child able to control
itself.

Give out the 30 trays with the 5 mixed tree fruits in
them. Tray of grains on arm, pass among the busy pupils,
and when one has finished a glance will tell whether he
has 3 fruits in each of 5 boxes.

If correct, compliment him, and give the 10 grains to
sort. If not correct, suggest where (not what) the mistake
is, and let him try again. Some tact will be needed to keep
up the courage of a pupil under repeated mistakes, but in
no case let him feel he can depend on your doing it for
him; but by,easy steps lead him to feel the pleasure of
self-achievement and learn to rely on himself. Above all
things, do not let the pupils help one another; but show
how it is the worst kind of robbery for one po take from
another the chance to grow in skill and knowledge.

Thus let the work go on, each for him or her self, till
time for the lesson to close. Give each the card with name
to lay in the top of the tray, and have these gathered by
rows and in order, so as to be quickly and correctly returned
at the next lesson. Meanwhile, store them where no tam-
pering will be possible. Continue the sorting the next
lesson, till the first tray of 25 fruits is completed. Then re-
ceive the tray from the pupil and inspect it in his presence.

Do not spare commendation if all the specimens are
there and correctly placed, especially dwelling on his self-
control and skill. Request him to take a peanut pod and
walnut to see how curiously the seeds are fixed inside, and
notice the taste.

If anything is wrong, tell the child that he can come
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privately and tell you about it, and set the tray aside till
such time. With young children gathered in a room to-
gether there will always be accidental losing, interference of
mates, etc., as well as the possible error of those who counted
out the specimens; hence I would advise in such cases—

1. The private chance to tell his story.

2. Prompt and hearty acceptance of it.

3. A written record made in his presence.

4. A chance to prove his innocence by sorting another
box.

No one knows better than I the trouble and thought this
plan involves; nor do any know better how well it pays.

Such things are the furning points in a child’s life.
Dare we neglect them? Let the little urchin who ate his
peanuts and told you a lie about it find that you accept his
word, and there is not one in ten thousand who will fail to
exercise self-control the second trial, when your glad com-
mendation will be such a delightful (and possibly unique)
sensation that he will want to feel it again, a\nd never will
forget it. :

The talk about fruits will depend for its character upon
the teacher, and should only aim to connect the material
with the daily life of the child.

Where have you seen this before? 'What is its use ? ete.,
would be in the line of my thought.

One point to be emphasized is that the term *fruit” is
appropriate only for the entire ripened pistil.

It matters not whether the protecting walls adhere
tightly to the seed, as in the *grains” of corn and wheat,
or are loose, as in the maple and sunflower; whether bare,
like the bean pod, or surrounded by protecting parts, like
the acorns (cup), nuts (bur or shuck), or stone fruits (peach
and plum)—if all of a mature pistil and adhering parts is
present, we have a fruit.

Seeds.—Having talked of fruits and put them away, pro-
ceed to sort seeds in two lots—*food ” seeds and * general ”
seeds. Give 5 of each kind.
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Talk on 8Seeds.—This will be like that on fruits; only
the class can now see how the protecting parts have been
stripped away, by comparing their specimens with the col-
lection suggested under the list of seeds.

Imperfect Fruits.—Sort and talk of in the same way.
Give only 4 of each kind, as many are large.

‘Why these are “imperfect ” can be readily seen:

‘Why not, seed can be shown by opening some of the
hard walls of nut or stone and showing the real “seed”
inside.

The class will now have gained much real training and
knowledge in a very enjoyable way. To further fix this,
take up

The Chicken Game.—In a good-sized tray put 6 of each
fruit, 10 of each seed, and 8 of each incomplete fruit. Mix
these well, and put handfuls in enough trays so that all can
easily get at them. Have a tray with one of each sort in it,
and after telling how some chickens or birds like one thing
and some another, let the pupils come one by one and choose
a seed or fruit from the sample tray, and name it as what
they “like best”; then go and find all those like it in the
trays about the room. If they bring back the full number,
let them choose another to gather. If not, have them look
again.

‘When all have been gathered, mix them again for

The Gardener’s Game. —Speak of how the gardener plants
only one thing in a place, here peas, there beans, etc. “I
am a gardener, and have unfortunately mixed all my seeds.
‘Who will help me separate them?” Let each choose from
the trays some one fruit or seed and bring it to you. Hav-
ing told the name (or, if not known, been told it), let him
go and gather the rest as before.

When all have been gathered, place the boxes in a large
tray ready to put back into the bags.

Squirrel Game.—Shell some freshly roasted peanuts till
you have 75 to 100 nuts, and wrap these separately in little
papers. Take an equal number of common beans about the
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same size and wrap these in similar papers, being careful to
keep them away from the scent of the peanuts. Tell the
children how squirrels hide piles of nuts, and how they nose
about in the leaves after others, finding them by smell rather
than sight, and propose * we play squirrel.” Now distribute
the beans about the room or yard, or keep in a tray. Then
do the same with the peanuts. Now let each child, without
touching, choose one of these packages. When all have
done so, let them be opened to see who smelled right, but in
no case to eat till you say so. Seat any who do eat (as the
flavor in the mouth will interfere with the smelling), and
let the others try again till they think all the peanuts have
been gathered. Then let the children report their success
or failure by filing past the teacher and showing what they
have. Take the beans and let them eat the nuts.

Vary this by using pieces of butternut, black walnut, or
other rank-smelling nut in place of the peanuts.

Vary again by using peanuts in one set of papers and
some other nut in the other. Let each choose two or three
of some given kind and open before you. All mistaken
nuts must be given up; others they can eat.

Blindman's Game.—Select a lot of the larger fruits and
seeds and place in a bag. The class will by this time have
learned the names of many kinds, so that on feeling in the
bag they can tell what they have grasped before taking it
out.

These and similar games will be fine fun for recess or
other playtime, having no compulsion about taking part,
but making it entirely voluntary. Few will want to be
left out where there is something nice to eat.

Material put away.—After the lessons are completed—
and be sure and not drag them along after interest flags—
plenty of willing and competent fingers can be found to
sort any mixed material and put all into the proper bags.

Replenish any which, like the nuts, may have been used,
so that you can feel sure all is ready for the next year’s
class. Inclose in tight boxes, and it is best to paste paper
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over ihe cracks, or put in a large paper bag and paste up
the top, as grain weevils, moths, etc., may cause damage.

‘What has been gained ?

All have had a happy time, and other work has been
lightened.

The eyes, noses, and fingers have been trained.

Exactness, order, perseverance, and self-control have been
taught.

The difference between fruits and seeds noticed.

An acquaintance begun with the varied forms of plant
life.

Much innocent recreation suggested and a corresponding
amount of evil barred out.

Much more will have resulted from a wise teacher’s
work, but these samples will do.

For the next step in Plant work, see V.

Now promptly proceed with the next step—II.



STEP II.—-THE SKIES.

(GENERAL.)

The object of these lessons, which are to run through all
the years of school life, is—

1. To interest the child in astronomy, both for its own
ennobling thoughts and its discipline of the mental powers.

2. To cultivate the tmaginative powers by the attempts to
see with the mental eye the movements of the planets, the
formation of the earth, eclipses, etc.

3. To furnish true concepts of our own earth, its form
and motions, etc., and thus aid in geography, geology, etc.

My experience has not extended below nine-year children,
but no classes have ever shown greater interest and asked
oftener for “more” than those who so readily drank in the
sublime facts of astronomy. Even such conceptions as La-
place’s nebular hypothesis, the parallax of Sirius or Arctu-
rus, or the revelations of the spectroscope, seemed delightful
tales, all the better because frue, and to their young and
nimble imaginations as real as anything else in this glori-
ous universe.

As to its Influence on Reading.—A class of about twenty
were having the lessons, and wanted to know where I found
such things. I told them of Lockyer’s Elements of Astron-
omy (American edition), which I admire for its terse and
delightful simplicity, and in a few days eight little urchins
_ were poring over copies they had bought, and others com-
plained that their parents would not let them have the book—
they were “?foo young.” Who can measure the influence on
these pupils of an early acquired love for such grand things ?

Hence it is with a perfect freedom from any sense of mis-

giving as to the feasibility or value of these lessons that I
18)
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shall proceed to make suggestions which I am confident will
prove valuable to all who, by nature or acquisition, love the
stars, and would introduce their classes to ‘“the heavens
above.” To that large class who, through failure in train-
ing, never have had this interest. I would confidently say:
“Read Lockyer or some other simple astronomy, and see
with your own eyes the constellations, the eclipses, phases
of the moon, etc., and the interest will come.

The time needed for this step is very little; it can fill odd
moments or be interwoven with other work, as the particu-
lar order at first will be immaterial.

Material has all been provided by the “Giver of all
Good.”

Preparation of the Teacher.—Has been indicated above.

The lessons of this first step will be very simple. Try to
teach (during the year) the children to know—

1. The sun. (View it through smoked or colored glass.)

2. The moon.

3. What things always look round? (Spheres.)

Show this by having things brought that are calied
“round” (coins, buttons, paper circles, pencils, handle to
broom, balls, etec.), and, holding them in different positions,
let them see that the sphere is the only thing which always
appears round. '

4. Call attention to stars.

5. Show some evening star—Venus or Jupiter—and no-
tice that it changes its position among the other stars. The
“evening star ” is much used in Hiawatha. Read or tell.

6. Show the north or pole star, and let them see a com-
pass or magnetized needle point toward it. What use is
this to sailors away from land?

7. Dipper. From the north star it is easy to lead to the
“pointers” and the rest of the “ Dipper” and the Great Bear.

Give the children an account of the habits of the shep-
herds in the warm Eastern countries of “watching their
flocks by night,” and seeing the stars. (See Ben Hur, chap.
xi; Luke ii, 8, etc.)
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Let the class prick or sew the Dipper and north star.

The story of Callisto and her son might be told, if so
desired. Juno changed the beautiful Callisto into a bear;
who, seeing her son (a fine youth) one day, advanced to em-
brace him; when he, not knowing his mother in the form of
a bear, was about to thrust his spear through her; to prevent
which Jupiter snatched them both up to heaven and placed
them among the stars as the Great and Little Bears.

Sew these on perforated cards; paste gilt stars on paper
or draw a diagram. The north star will be included in such
a diagram. If such cards are made and the children told
where to look, much home work will be done, and the whole
family interested. This will in great measure make up for
the loss of observation lessons with the teacher, which les-
sons will often be almost impossible.

Next star work, Step VII.
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This i an introduction to the study of minerals and
rocks. The general pla.n of work is indicated under the
Qutline (B).

As carried out in the progressive manner indicated, no
other set of lessons have so evidently cultivated the powers
of prompt decision.

Progress along this line has been truly wonderful, and I
have valued the lessons correspondingly, seeing the great need
in this country and age for the * prompt, decisive man.”

Further. for some reason I do not clearly see, classes have
been especially “ willing workers” in these studies, and no
counter-attraction has seemed able to prevent work at noon,
recess, and after school, so great has been their desire to com-
plete the course.

Supplies. —The following material will be needed:

TO SORT AND BTUDY. FOR REVIEW.

Iron: wire, sheet, and cast.  Nails, bolts, rivets, nuts,
washers, etc.

Copper: wire and sheet. Cent, rivets, washers, and
utensils.

Lead: sheet. Bullets, shot, and pipe.

Type metal: type. Stereotype plates.

Brass: wire and sheet. Screws, keys, chain, utensils.

Bronze: sheet. One and two cent pieces, o
naments.

Gold: foil. Coin, jewelry, etc.

Nickel: sheet. Coin, ornaments, and uten-
sils,

Silver: foil. Coin, spoons, and ornaments.
@n
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TO SORT AND STUDY. FOR REVIEW.
Tin: foil. .Dish, spoon, and utensils.
Zinc: sheet. Galvanized wire, Dbattery
plate.
Steel : stout needle, bit of Knife, file, tools, compass,
watch spring. needles.

Where to get them.—Go to the tinsmith’s or retail hard-
ware merchant, and get him to cut 50 pieces, 1} inch long,
of No. 26 wire of different metals ; and of sheet metal, 7 to
¢’z inch thick by % to } inch wide and 1} inch long.

A piece of thin casting will give fragments of cast iron.
Get old type at printer’s,

Apply to the jeweler's and wholesale druggist’s for the
rest of the metals. Bronze and nickel, cut as above. Gold
and silver can be of thinner foil, and cut in bits § by } inch.
Get as heavy tin foil as possible, but do %ot use tin plate, as
it will mislead the pupils. Break the watch spring into bits
14 to 2 inches long.

Magnets.—Get 30 small bar magnels at a toy store, or
a kindly smith will cut off 30 bits of bar steel 2% inches long,
and some one can magnetize them on a dynamo or with a
large magnet.

‘Wrap these specimens in plenty of soft paper and put in
labeled bozxes in a dry place.

Trays and Boxes.—Provide 30 shallow trays, also 450
small boxes, such as used in Step I. Place in each of the large
trays as many of the little boxes as you have metals, and a
child’s name written in one. In a spare tray place as many
boxes as you have pupils, and, taking the specimens, one
after another, drop a piece in each box. Be sure each box
has a full set of the metals, for some of the children may be
inclined to keep or may lose the specimens, and should be
held strictly responsible for the return of the entire set.
Now let the teacher practice sorting the metals, studying to
find ways to distinguish those which look alike, and then all
is ready for the lesson.
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Lesson given.—At the proper time, preferably when the
school is a liftle tired with book work, let the trays with
their little boxes be given out, and, after a few words, di-
recting the pupils to place each kind of metal in a tray by
itself, give each child one of the sets you have ready, and
let him begin. Now nass among them, and when a child
has finished sorting, the raised hand will call you. Suppose
John raises his hand. With an eye to shape, all wires and
all strips have been put together. Commend him, but not
in such a way as to suggest his plan to others, and tell him
to find other ways. Alice has sorted by color, and has gold
and brass in one box; iron, lead, zinc, ete., in another. Com-
mend her, but without indicating even the boxes which have
errors, tell her to look sharply and see if she can find the
mistake. Paul has been more careful, but has nickel, silver,
and tin in one box: while sheet iron is separated from iron
wire, and both from cast iron. Remind him that there
may be several pieces of the same metal, but unlike in shape.
Ralph has put one piece in each tray. Ask why he separated
this from that, and if he has no reasons, let him try again.
‘When you see that a child has done its best, suggest some
new way, as color, bending, shape, or thickness, to separate
them.

Promptly, a minute or two before the lesson has expired,
take up the boxes and pile in a secure place, ready to re-
turn to each child his own at the next lesson.

So continue, introducing last of all the magnet. This
will bring all the iron, nickel, and steel together. Now give
each a pinch of iron filings, and, showing them how to
stroke the pointed end of the needle on the unmarked end
of the magnet, see if it picks up iron. It does! Now try the
sheet iron. Only a little, if any. The iron wire? Does the
same. Castiron? Same. Nickel? Same. Watch spring ¢
Many filings.

Now try your magnet on the filings. “Picks them all
up!” Which of our pieces of magnetized metal are like the
magnet? * Needle and spring.” These we call steel, and the
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others, which do not keep their magnetism so well, are iron
or nickel. Which is nickel?

Review.—How is each metal known?

Iron? Color (iron black). Does not keep its magnetism.

Copper is easy to bend, and red. (Copper red.)

Lead is very soft and bluish gray. (Lead color.)

Type metal is whitish and brittle.

Brass is yellow. (Brass yellow.)

Bronze is darker than brass. (Bronze yellow.)

Gold, beautiful yellow. (Gold yellow.)

Nickel is like iron, but white.

Silver is a beautiful white. (Silver white.)

Tin is white. (Tin white.)

Zinc is harder than lead, and grayish.

Steel becomes a magnet and is gray. (Steel gray.)

Change Sets.—When the metals are learned, let each ar-
range their sets neatly and return to the teacher, to see that
all is right.

Let some trusty pupils take the trays, and, mixing all the
specimens in each together, change the names, so that each
child will have a new set to sort.

Sort Mixture.—Throw all the specimens in a tray to-
gether, and when well mixed give each child a spoonful to
sort.

Select and put away.—Empty the trays of the small
boxes and put them away for future use.

Place several of the shallow trays around the room,
where they can be conveniently got at, and on each a hand-
ful of the mixed metals. At recess or after school ask,
“Who will help me sort these metals to put away?” Charlie
may take this tray and find for me the 30 (or whatever the
number) pieces of sheet iron. Susan, you may gather the 30
pieces of iron wire. John, 30 pieces of cast iron. So send
for each kind of specimen. When a set is returned, count,
and if right, thank your little helper; if not, write on a slip
of paper the number of missing specimens, and, putting it in
an empty tray, let the child take it and try again, till all are
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sorted. Do not return these used specimens to your store
boxes till they have been washed in strong soap suds. rubbed
dry between pieces of flannel, and all spoiled specimens
thrown out. (Replace if needed.)

If now they are wrapped again in soft dry paper and put
in the same dry place, they will be as bright as new for the
next time.

A little chalk or whiting will brighten them when rub-
bing with flannel, and a piece of oiled rag to finish the rub-
bing will still further help keep the brightness.

Application and Review.—Invite each to bring one metal
thing to school the next day.

At the time invite each to tell what they have in a well-
constructed sentence.

Teacher begin.—*1 have a steel pen. I know it is steel,
for I rubbed it on a magnet, and now iron is attracted by
it.” (Show.)

Teacher.—* Tom, what have you ?”

Tom.—*1 have a silver coin. I know it is silver by its
white color.”

If the class is interested, let them bring other things, and
vary the exercise by asking one child to tell what another
has brought, or otherwise connecting the lesson with metal-
lic things mentioned in the lesson.

Remarks,—Time: Twelve lessons of twenty minutes each
will be a fair average if the teacher is well prepared.

Cost: An outfit lasting a long time will cost from $5
to $8. .
Results : For this outlay of time and money the pupil
has—

1. Been pleased and his other work lightened.

2. Trained the *“‘eye to see.” (Color, shape, thickness,
etc.)

3. Trained the hand to feel. (Bending and weight.)

4. Gained definite concepts of 12 important metals.

5. Experimentally gained several fundamental facts re-
garding magnets and their relation to metals.
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6. Taken a lesson in tho art of experimenting.

7. Advanced in honesty and obedience.

8. Advanced in the art of expression and illustration.

9. Strengthened his mental powers. (By attention.)

10. Prepared for work which is to follow.

He has not been told anything he could discover, himself,
nor any of the interesting facts regarding metals and mag-
nets which his teacher would so much like to tell, as the
work given is difficult enough for his little powers, and those
other things have been wisely reserved for future and more
opportune use.

For next step in Minerals, see VIIL,
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Bups.

The last study in Plants was the sorting of seeds and
fruits. For some reasons, it would be better to take roots
and stems next, but they can be studied in the autumn, while
buds can only be studied to advantage in the spring, and
hence are taken up at this time,

Object.—To extend one’s acquaintance with wisely select-
ed botanical material.

To cultivate the senses.

To prepare for future work.

Time,—Spring is the best time. About fifteen lessons of
fifteen minutes each will be needed, at such time of the day
as the class may most need relaxation.

Material. —Must be fresh, and should cover the subject as
fully as possible. The points I would suggest at this early
stage are as follows:

Position.—End of branch: Hickory, horse-chestnut, ete.

Side of branch: Same, and cottonwood, ete.
Above leaf scar: Ash, apple, etc.
In leaf scar: Sumac and buttonwood.

Number.—Single: Hickory, cottonwood, ete.

Opposite: Ash, lilac.
Clustered: Cherry, red maple.

Covering.—Scaly: Apple, hazel, lilac.

Gummy: horse-chestnut, balm of Gilead.
Varnished: Willows, poplars.

‘Woolly: Sumac, hickory.

Buried: Sumac, locust, Osage orange.

Kind.—Leaf bud: Hazel, birch, blackberry.

Flower bud: Cherry, peach. hazel and birch

(catkins), flowering almond.
(7
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This list of over 20 different buds will illustrate the above
14 points, but can vary according to the material at com-
mand.

- To gather these.—Take a basket, sharp knife, and 25 bits

of string, and (aided always by pupils, if possible) go into
the garden, park, or wood. The land bordering railroad
tracks is frequently mown, and abounds in fine young shoots
of some things which can be cut without care. In parks
and gardens, choose the suckers or side branches, so as not
to injure the trees. Cut, for a class of thirty, 35 twigs, 4 to
6 inches long, of each kind, and tie at once in bundles.

Set these bundles on a damp cellar bottom, or better, in
several inches of moist sand, till they are wanted; but do
not crowd them or they will mold.

The day before the lessons begin, cut 30 pieces of string
and lay them around a large table. On each lay a twig of
(say) apple, counting as you proceed, so as to know that each
string has a twig across it. Then take another kind and lay
across the strings, till at last you have 30 bundles, each con-
taining all the varieties of twigs you intend to give out. Tie
these bundles and keep in a damp place till needed.

Preparation of the Teacher.—Read the chapter on buds
in some good botany. Gather and work over the material
as indicated above. Go through the following suggested
lines of work with one of the bundles of twigs, and your in-
terest will rarely fail to be aroused to the point where you
will feel you have something delightful to show the pupils.
Then you are ready for—

The Lessons.—1. Show the bundles of twigs to the class,
and have a talk about where and how you got them. Ex-
plain what is going to be done: how the children in turn
are to name something they notice, and then all are to pick
out as many buds as they can which show the same thing.
Ask them to be careful not to break off the buds, as after
a while we intend to put them in water to see which will
grow.

2. Give each a bundle to untie and examine. After a
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few moments ask, *“ Who has noticed anything interesting ¢”
‘We will suppose the answers to be as follows, although the
order is of far less consequence than that it be sponta-
neous: )

“These buds are sticky.” Good! Each find how many
twigs with *sticky” buds they have. Yes; two is right.
How can we tell them apart? “These are largest, and have
the buds in pairs.” It is the horse-chestnut, whose large
seed we had last year. And the other? “Its yellowish
buds smell sweet.” It is the balm of Gilead. Mary no-
ticed that the horse-chestnut buds were in pairs. All look
and pick out those that are the same. What is the name of
this one with green buds? “Lilac.” “We have it in our
yard.” Who notices something else ¢ No, James; you have
told something already, and I want others to have a chance.
Kate thinks this locust hasno buds. Can any one find other
branches on which the buds do not show? Yes; they are
buried in much the same way on the Osage orange. In one
other, while the buds seemingly show, they are really hid-
den under a brown coverlid. Who can find it? Yes; the
sumac. Now tie up your twigs quickly, placing in each,
with the name out, this little wooden label, so that each may
have his own bundle again at the next lesson.

8. Why have I placed the ends of these stems (show
sumac, Osage orange, and locust) in water? “So that the
buried buds will grow.” Yes; and so that we can see them.
“T have seen sprouted sumac buds.” Have you, John? I
am pleased to see that you remember, and soon we shall
see if this also will sprout. “ Will all these twigs sprout in
water?” A bright question, Kate. You may come to me
after school, and we will arrange to try it. (When she
comes, tell her fresh twigs will be best, and for her to gath-
er as many kinds as she can, and bring to-morrow. When
brought, lay them in a wash-basin or pail of water, and cut
the ends freshly under water and insert in an immersed bot-
tle, so that the ends shall not for an ¢nstant even come to
the air. Place in a north window.) Look carefully, and tell
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me something new. “These buds arc all hairy” (holding
up the hickory twig). Yes. All find the same. It is the
hickory, from which we get ? *Nuts.” Have we other hairy
buds ? (Find them.) What coverings have we now noticed ?
“Woolly, hairy, sticky, scaly.” Can any one find another
kind? “Varnished.”

In this way follow the leading of the class till all points
have been noted. The distinction between leaf and flower
buds may require some picking to pieces or waiting for the
buds in water to open.

A walk in the woods at recess or after school will add
greatly to the value of the lessons.

Encourage the bringing of other buds, and keep jars of
them about the room till they have opened and shown the
leaves, flowers, pollen, ete.

Review.—None is needed in such hand and eye work,
except such as would come from a walk in the woods, or
from each finding and bringing twigs to name before the
class or to have the class name.

Collections may be made and sewed on cards, but have
all such work of short duration, so as to keep the interest
fresh.

Material can not be kept, and should be given to the
pupils in order to interest them at home.

Plant about the Yard. —When our school boards awake
to their opportunities, an assortment of trees and shrubs to
illustrate such things will be planted about the yard. Let
the pupils obtain permission to set out such plants as “ class”
trees, to be added to in succeeding years by other classes.

For the next step in plant work, see VI, Stems and Roots.



STEP V.—ANIMALS.
INTRODUCTION : GENERAL CONSIDERATIONS.

The object and purpose of this branch of work is as fol-
lows:

1. The mental upbuilding which all true science gives.

2. To make our survey of nature complete, and to illus-
trate still further the wonderful interdependence which ex-
ists between minerals, plants, and animals.

3. Preparation for that greatest of all studies, man.

4. Chiefest, the direct development of right character
through the consideration of the habits and actions of be-
ings possessed of the will power which enables them to do
or not to do; to which actions we can alone rightly apply
such terms as right, wrong, just, noble, brave, tender or gen-
erous, social, patient, industrious, ete.

As we study the crystal, and admire the unvarying an-
gles and firm adherence to its type through all the changing
conditions of its surroundings, we see the power of chemical
affinity to unite molecules of the same kind in orderly
growth, and agree with wise Linnzus that “minerals
grow,” but we attach no character to such act, well know-
ing that the crystal has no power to will what it shall be
or do.

So in the plant, growth takes place according to inher-
ited laws, but there is an advance in its relations to its sur-
roundings sufficient to warrant such a term as *sensitive ”
being applied to many leaves, tendrils, root tips, and other
growing parts, which can even go so far as to exercise a
kind of choice. This is well seen in the movements of ten-

drils, which avoid their own stems while seeking some proper
@1
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support,* or in the actious of insectivorous plants, which
seem able to discriminate between food (as an insect or bit
of meat) and a piece of wire or sand.t Wonderful as this
all is, there is still no real character, and the terms we apply
to such things only derive meaning and force from analogy
to the actions of ourselves and other animals.

Further, as the order by accretion of the crystal fore-
shadowed the growth of the plant, so the motion and sensi-
tiveness of the plant foreshadows the purposeful action of
the animal, where instinctive life culminates in the moral
and intellectual development of man. Here at last do we
find a true moral quality to actions, and from them judge of
his or her character.

That this character be a right one is the all-important
thing, for the individual, the nation, and the world. With-
out right character our education only makes an abler
rogue; with it, the “noblest type of man.”

How our schools shall best combine this character build-
ing with the learning commonly taught, is the greatest
problem of the educators of to-day; and in the true study of
animals I find a step toward its solution. While valuable
lessons can be drawn from the mineral and the plant, they
are instinctively recognized in the animal, which has the
power to control its actions.

To become part and parcel of the pupil, impressions must
be repeated—*line upon line, precept upon precept, here a
little and there a little.”

But that this repeating shall not become wearisome, that
the mind be kept in that serene state of contentment so es-
sential to receiving impressions, there must be a continual
progress toward new views of a subject.

Here is one great gain from the study of the interde-
pendence of minerals, plants, and animals, the study of all
three being far more helpful than a threefold study of one.

* Gray’s How Plants behave, p. 18.
+ How Plants behave, pp. 44, 45.



STEP V.—ANIMALS. 33

‘While repetition is needful, it must be judicious. The
repeated use of strong substances—tobacco, alcohol, pepper,
‘etc.—blunts the sense of taste, as the repeated blows on the
poor donkey, or the handling of hot iron by the smith, makes
callous the sense of feeling. The reverse is seen in the
educated sensations of the tea-taster and the fingers of the
blind reader.

Right here lies the explanation of the terse proverb,
“Practice is better than precept.” What teacher of any ex-
perience is there who does not know the power of example !

First and foremost, then, both in the study of animals
and in the development of character, is the living, acting
teacher, be he parent, playmate, friend, or instructor.

To re-enforce this powerful factor, by illustration and re-
petition, is the whole world of animal life about us.

As we choose to develop desirable traits and a noble char-
acter, it is plain that some animals will be more serviceable
than others. Hence the necessity of careful choice; for this
teaching should be positive, dwelling on desirable traits,
actions, and habits, following George Washington’s advice
so far as to “ say nothing of that about which you can speak
no good.”

For example, while emphasizing the skill and industry
of the spider, I should ignore her bloodthirsty nature; and
choose the harmless kangaroo as a type of the pouched mar-
supials rather than the sly and tricky opossum. Also, call at-
tention to what an animal has, rather than to what it has not.

‘What animals to choose from among the 300,000 known
shall be our first step in systematic work.

In this I have been governed by the following rules, and
selected such as are—

1. Available—that is, the animal or portions of it, or its
products, can be obtained with reasonable effort for illustra-
tion, and habits are either familiar or easily found described
in common books.

2. Of marked and desirable traits, habits, or uses.

3. Ty'p%ca.l of large or important classes.
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4. Characteristic of different portions of the globe, in
order that the study may introduce the idea of the geograph-
ical distribution of animals, and also aid the child in clear
and accurate concepts of such portions of the earth.

5. The list, as a whole, must include and illustrate all
points of structure, habit, use, character, etc., which it is de-
sirable to bring before the child.

Adhering as closely to these rules as necessary compro-
mises will permit, I have chosen the following list of ani-
mals; and as different localities will require a change, I have
added desirable substitutes, but the name first in the list is
my choice, and all that may be said hereafter refers to that-
in particular, whether it be true or not of the substitutes.

1. Sponge.—Common kind of the shops.

2. Coral. —The white, cellular kind is easily had, and is
interesting from its geographical and literary connections.

3. Starfish. —Dried specimens of this type of the radiate
structure are common. Alternate, sea urchin.

4. Earthworms.—Easily obtained and instructive.

5. Clam.—Hard-shelled (Venus). Kasily obtained alive,
or in paired shells; a type of the soft-bodied animals hav-
ing the limy outside skeleton in fwo parts. Alternates, oys-
ter or fresh-water clam.

6. Land Snail. —Type of the soft-bodied animals with the
limy shell in one piece. Alternate, pond or sea snails.

7. Crayfish —Valuable and common type of animals
having an external jointed skeleton and ten legs. Easily
found, and interesting for its illustrations of molting, carry-
ing young, digging “wells” for water, and backward mo-
tion. Alternate, lobster or crab.

8. Spider (Garden).—Type of these interesting insects,
having eight legs and no wings. Alternate, trapdoor or
water spider.

9. Termite.*—One of the true insects, having six legs and

* Do not call these relatives of the dragon flies “ ants,” but hold to the
correct name in all work.
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an outside horny, jointed skeleton. Exceedingly interesting
in its habits. Alternate, aphis lion or ant lion.

10. Mosquito Hawk.*—A powerful insect, preying from
birth on others. Easily found in all stages and reared for
observation.

11. Locust (Rocky Mountain or Old World).—These ter-
rible plagues are of great interest. They represent cattle
among insects, eating herbage voraciously from birth to
death. The two outer wings are straight, while the gauzy
under ones fold like fans, Alternate, * walking stick,” crick-
et, or katydid.

12. “Ants’ Cows” (Aphis).t—Easily obtained and true
bugs, that subsist by drawing out the juices of the plants
on which they live. Remarkable for their relations to ants,
and their peculiar mode of multiplication. Alternate, cochi-
neal bug.

13. Squash Bug.—A common example of those ill-odored
insects whose wing covers are thin at the tips (Hemiptera),
and’whose mouth parts form a piercing beak to draw out
the juices of the plant or animal they feed upon. Alternate,
“ water boatman ” (Noctonecta).

14. Plant Beetle (Potato Beetle).—An example of insects
with the outer wing covers hard and shell-like (Coleoptera),
and meeting in a straight line down the back. Eggs, larva,
and insect only too common. Alternate, dorbeetle.

15. Oak Pruner.—One of the ‘“long horned” beetles
which do so much damage to trees. Of exceedingly won-
derful habits, and easily found in the dead twigs which fall.
Alternate, peaweevil.

16. Fire Beetle.—One of the “soft-winged” beetles, re-
markable for its light-giving powers. The * glow-worm” is
the wingless female of the European variety. Alternate,
spring beetle.

* Not a “fly,” and so I have chosen this name as more truly descriptive
than “dragon fly.”
+ Not a “louse,” and s0 avoid the old name of “ plant lice.”
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17. Tumble Beetles.—These “ dung " beetles are interest-
ing on account of their curious habits and relationship to
the sacred beetles (Scarabeei) of Egypt. Not difficult to find
rolling their balls of dung in roads and pastures. Alternate,
sexton beetle (Necrophorus).

18. Mosquito.—These delicate two-winged insects are
members of the unappreciated fily family, which so benefits
man by the prompt removal of refuse in the air and water.
From the time its floating masses of eggs are laid on our
pools and rain-water barrels till the “ wigglers” hatch, the
development is interesting and easily watched.

19. Flesh Fly.—This “pest” (?) is really very useful, and
is easily studied, from the yellowish eggs laid on a dead
animal or bit of meat, through the maggot and brown pupa
stages, to the perfect fly in her beautiful green dress.

20. 8ilk Moth. —This valuable insect is the only one of
its vast order which is directly helpful to man. While the
silk moths do not fly, they are a type of the night-flying,
scale-winged (Lepidoptera) insects; their antennz are feather-
like or hair-shaped, and the caterpillars spin silken cocoons.
Alternate, cecropia moth.

21. Sphinx Moth (Tobacco or Tomato Caterpillar).—These
are a type of the powerful twilight-flying Lepidoptera, whose
antennz are thickened in the middle and end in curved
points. They never spin cocoons, but turn to naked pupae
in the ground or under some shelter. The name “sphinx ”
refers to the motionless attitude the caterpillar will assume
for protection when disturbed. Alternate, woodbine cater-
pillar.

22. Cabbage Butterfly. —A common and easily studied
type of this class of gay, day-flying Lepidoptera. The an-
tennz are clubbed at the end, the wings folded above the
back when at rest, and the caterpillars never spin cocoons.
Alternate, Asterias (on parsley, carrots, and other Umbel-
liferze) or archippus of the milkweeds.

23. Gall Insect.-——Galls are so common on oaks, roses, etc.,
that I have chosen these tiny relatives of the bees as a type



STEP V.—ANIMALS. 37

of the injurious division of the family. They have four
gauzy wings (Hymenoptera). Alternate, Ichneumon insect.

24. Mud Wasp.—An interesting and easily studied type
of the solitary wasps. Alternate, paper wasp.

25. Honey Bee.—A type of the social membrane-winged
insects, which, because of its thoughtful provision for the
future and for its young, ranks among the highest of all
insects. Its habits are well known, and it is easily found
for observation. Alternate, ant.

26. Goldfish. —Here a backbone is introduced. This fish
is an easily kept example of the scaly, cold-blooded animals,
whose limbs are not jointed limbs, but rayed fins. Alsoa
type of fish having soft (not spiny) rays and smooth-edged
(cycloid) scales. Alternate, cod or whitefish.

27. Perch.—This common fish is typical of those having
a number of stiff spines in the back fin and comb-edged
(ctenoid) scales. Alternate, sunfish.

28. Frog.—Common and easily kept example of the
naked-skinned, cold-blooded animals with internal, bony,
jointed skeletons. Especially advantageous to study in its
development, from the egg through the tadpole stage to the
adult. Alternate, toad.

29. Garter Snake.—Example of scaly, cold-blooded air-
breather, having no limbs. Alternate, grass snake.

30. Chameleon.—Interesting type of the lizards, and dif-
fering from the snakes in having limbs.

31. Mud Turtle. —Common example of these curious rep-
tiles. The turtle can in great measure take the place of the
chameleon. Alternate, hawk-billed turtle.

32. Ostrich.—Type of the running birds, of interesting
habits, literary and geographical relations. Feathers com-
mon.

33. Sea Gull.—Type of the long-winged birds. Common.
Alternate, tern.

34. Mallard Duck.—Type of birds with strainerlike bills,
of interesting habits. Its down useful. Alternate, common
duck.
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35. Stork.—Type of the wading birds, of interesting
habits. Alternate, marabou stork.

36. Cormorant.—Type of the birds with three complete
webs (totipalmate), and of especially interesting habits.

37. Hen.—Common and instructive type of the scratch-
ing birds. Young, active, and able to run about. Alternate,
jungle fowl or grouse.

38. Carrier Pigeon.—Supplements the hen. Common,
and of interest from its habits and reference to literature.

39. Vulture.—Type of the birds of prey which are so use-
ful as scavengers. Flies by day.

40. OWl.—Type of the nightflying birds of prey. In
structure, etc., supplements the vulture. Interesiing habits.

41. Woodpecker (Red-Headed).—Common and interest-
ing in habits, structure, and food. Alternate, “flicker.”

42. Humming Bird (Ruby Throat).—This living jewel is
easily seen about the flowers, and a type of its family.

43. Barn Swallows.—These birds of tireless wing are repre-
sentative of those which catch their food while flying.
Habits and literature interesting, and birds common. Al-
ternate, chimney swift.

44. Cow Blackbird. —This common bird is a fair example
of its family, but chosen mainly because of its curious habits
of laying its eggs in other birds’ nests and associating with
cattle.

45. Canary.—Easily obtained type of the cone-billed,
seed-eating, singing birds. Also interesting in contrast with
the hen, etc., its young being helpless, and dependent on the
care of the parents. Alternate, song sparrow.

46. Robin.—Type of the thrushes. Common, and helpful
from its arrival in the spring to its migration in the fall.
Alternate, bluebird.

47. Kangaroo.—Example of animal carrying the young
in a pouch. Interesting from its habits and geographical
relations. Alternate, opossum.

48. Beaver.—Exceedingly interesting and useful type of
the gnawing animals.
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49. Squirrel. —This animal is easily tamed and kept for
observation. Supplements the beaver.

50. Mole.—Common example of the insect-eating ani-
mals, and of peculiar interest from its underground habits.

51. Bat.—This remarkable animal also lives on insects,
but its night excursions and mode of feeding make it a
great contrast to the mole. Nurses its young as all mam-
mals do.

52. Whalebone Whale.—This sea giant is an example of
a warm-blooded mammal, living in the sea and gathering its
food in a very curious way. Alternate, sperm whale.

53. Elephant of Asia.—This huge and intelligent animal
has much of interest in his habits and structure.

54. Horse.—Example of the single-toed animals. Famil-
iar and useful.

55. Camel.—Of interesting habits and structure. Useful,
and showing great adaptability to desert surroundings. Al-
ternate, llama.

56. Reindeer.—Type of the solid-horned and even-toed
cud-chewers. Interesting structurally and from its uses.
Alternate, red deer.

57. Cow.—Type of the hollow-horned cud-chewers.
Familiar and useful. Alternate, yak.

58. Sheep.—An example of the hollow-horned cud-
chewers, with angular horns. Interesting for its typical
habits and usefulness.

59. Black Bear.—Omnivorous, and places the whole foot
on the ground in walking (plantigrade). Interesting habits,
and supplements those flesh-eaters which follow. Alternate,
white bear.

60. St. Bernard Dog.—So familiar and interesting in its
habits as to need no commendation. Alternate, fox.

61. Cat.—Type of the flesh-eaters. So easily obtained
and examined as to be of great help in teaching about ani-
mals. Claws retractile.

62. Seal. —A flesh-eating animal living in the sea and
with paddles for limbs. Of great use and interest.



40 SYSTEMATIC SCIENCE TEACHING.

63. Prehensile-tailed Monkey of South America.—Inter
esting in its habits and representative of the order, while not
introducing certain questions connected with the apes which
are unsuited to this phase of the work.

64. Boy.—A common and well-known animal. Most
familiar of any, and hence well suited to introduce the study

of animals.
WHAT POINTS TO TEACH.

Having selected our representative animals, what to teach
becomes the next question. I shall group the items under
a series of heads, arranged in the order of presentation to
the child. This order is of much importance. The follow-
ing have been my guiding rules:

Arrange from the simplest, the general —and that within
the child's experience—to the complex, particular, and un-
known or unobserved. Also, so as to keep up a constant
review by a progressive new view that brings up the old un-
der new conditions. With these in mind, I should place—

1. Where they live. —In what country. (To be found on
the map.) AllL

In warm climate: Camel, elephant.

In cold climate: Reindeer, whale.

In the sea: Sponge, starfish.

In fresh water: Polliwog, goldfish, young mosquito.

Partly in water and partly on land: Frog, turtle.

In the earth: Mole, worm.

On dry land: Horse, cat.

On trees: Monkey, squirrel.

In the air: Swallow, mosquito hawk.

This locates the animal and clears the way.

2. Feehng and Touch.—Delicate in: nose, mole; fingers,
monkey; wings, bat.

To find food: Coral’s tentacles; spider “ feels” his web.

To select food: Horse, by lips; worm.

To guide in moving about: Cat’s whiskers; snail’s feel-
ers; bat.
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8. Ears and Hearing.—Keen: Bat, cat.

Movable: Elephant, horse.

Outside ears: Bear, squirrel. )

Ears concealed: Hen, woodpecker, frog.

4. Eyes and Seeing.—None: worm.

Buried: Mole.

On stalks and movable: Crayfish, snail.

How many: Beaver, spider, vulture.

Simple or compound: Duck, fly, mosquito hawk, spider,
caterpillar.

Keen: Cat, vulture, robin.

See in dark: Cat, owl.

Location: Fish, frog, hen, owl, spider.

Lids—motion, and how many: Horse, canary, hen, fish,
snake.

Pupil—shape and size: Cat (0), frog (<), hen (0), horse
(o).

Tear: Boy, fish.

5. Nose and Smell. —Use of: Camel, elephant.

Hair on nose: Horse, sheep.

Keen: Fly, dog, mosquito.

Nostrils directed: Bear, frog. hen.

6. Taste.—Use of: Horse, sheep. °

‘Where located: Boy.

The five senses put the animal in connection with the
surroundings and determine, next, its

7. Movements.—Creep: Snail, caterpillar.

Crawl: Snake, worm.

Swim forward : Beaver, cormorant, fish, seal. Swim
backward: Crayfish.

Dive: Frog, seal.

‘Walk: Cowbird, hen.

‘Walk on all fours: Reindeer, elephant.

‘Walk erect: Boy.

‘Walk on sole of foot: Boy, bear.

‘Walk on toes: Cat, sheep.
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Runs: Dog, ostrich.

Gallop and canter: Horse.

Hop: Frog, kangaroo, locust, robin.

Climb: Chameleon, fly, monkey, woodpecker.
Fly swiftly: Dove, humming bird, swallow.
Fly noiselessly: Bat, owl.

Fly by night: Bat, moths, fire beetle.

Fly by day: Butterfly, mosquito hawk, vulture.
Scratch: Hen, dove.

Burrow: Mole, worm.

Organs are required to make these movements, and, using
the word to cover the whole range of members helping, I
place next—

8. Limbs and Organs.—Stinging tentacles: Coral.

Tube feet: Starfish.

Bristles: Worm.

Antennz or “ feelers ”: Butterfly, tumble beetle, sphinx
moth.

Muscles: Clam.

Foot: Clam, snail.

Fins: Goldfish, perch.

Legs: None, snake.

Sixteen, caterpillars.

Ten, crayfish.

Eight, spider.

Six, plant beetle, fly.

Four, cow, elephant, squirrel, mole.
Two, boy, ostrich, robin.

Toes: Five in front and five behind, bear, chameleon.,
Five in front and four behind, cat, dog.
Four, canary, hen, duck, woodpecker.
Two, cow, camel, ostrich, reindeer.
One, horse.

‘Webbed, beaver, cormorant, duck, frog.

Tarsus: Robin.

Nails: None, frog.
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Nails: Blunt, dog, hen, kangaroo.

Hoofs: Horse, reindeer, sheep.

Claws: Sharp, cat, owl.

Retractile, cat.

Hooks: Bat.

‘Wings: Four, squash bug, locust, mosquito hawk, sphinx
moth.

Two, bat, dove, fly, stork, ostrich.

Long, gull, swallow.

Gauzy, bee, fly.

Scaly, butterfly, silk moth.

Shell-like, plant beetle, oak-pruner beetle.

Inner unlike outer, locust, tumble beetle, squash bug.

Arms: Monkey, boy.

Hand: Monkey, boy.

Flippers: Seal, whale.

Tail: Beaver, crayfish, dove, frog, perch, horse, kangaroo,
monkey, woodpecker.

9. Symmetry.—This best follows limbs, and calls the
pupil’s attention to the important fact that there is in each
animal an orderly arrangement of parts as regards form,
size, and position.

An “above and below ”: Coral, starfish.

A “before and behind ”: Canary, squirrel.

The organs paired, and two sides alike: Cow, locust.

Body in two parts: Spider.

Body in three parts: Bee, wasp, fly.

Body in many parts: Caterpillar (13), worm.

Having noticed the organs of motion and their arrange-
ment, the next thing will be an important object sought,
which is—

10. Food.—Milk: Calf, kitten, colt.

Roots, bark, and twigs: Beaver, kangaroo, camel.

Herbage: Plant beetle, locust, caterpillar, reindeer, snail,
sheep.

Fruit and seeds: Canary, squirrel.
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Decaying wood: Oak pruner, termite.

Insects: Bat, chameleon, mosquito hawk, mole, swallow,
woodpecker.

Fish: Cormorant, perch, gull, seal.

Small animals and birds: Owl, snake. .

Both animal and vegetable food: Hen, bear, robin.

Everything which gets in its mouth: Coral, clam, sponge,
whale.

Excrement and refuse: Crayfish, worm, tumble beetle,
young mosquito.

Carrion: Fly, vulture.

Juices of plants or animals: Ants’ cows, squash bug, mos-
quito, spider.

Nectar or pollen of flowers: Bee, butterfly, sphinx moth.

‘Water: Cow, camel.

Salt desired: Sheep, boy.

To handle and help prepare this food for swallowing, we
have—

11. Lips.—To grasp food: Boy, horse.

To drink with: Cow, dove, hen.

Fleshy: Boy, cow.

A horny beak: Hen, owl, robin, humming bird, turtle.

12. Tongue.—Thick and fleshy: Boy, cow.

Horny: Fish, woodpecker.

Fastened in front: Frog.

Forked: Snake.

Used to pull in: Cow, woodpecker.

To scrape: Cat, snail.

To lap: Dog, cat.

To suck: Calf, lamb.

To catch: Chameleon, frog.

To move food in mouth: Horse, boy.

A coiled “tongue”: Butterfly, sphinx moth.

A piercing beak: Ants’ cows, mosquito, squash bug.

13. Jaws and Teeth.—Jaws move from side to side: Oak
pruner, crayfish, caterpillar.
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Jaws move up and down: Duck, dog.

‘Wide gape: Cat, snake, swallow.

Swallow food whole: Dove, snake.

Teeth to aid in catching: Perch, snake.

Teeth to gnaw and bite: Beaver, squirrel, cow.
Tearing teeth: Cat, seal.

Grinding teeth: Cow, reindeer.

Huge tusks to dig: Elephant.

All kinds of teeth: Bear, boy.

Teeth which grow throughout life: Beaver, squirrel.
Strainer to catch small prey: Duck, whale.
Chews cud: Cow, sheep.

The food thus prepared not only furnishes motive power,
but heat as well, and we next notice—
14, Temperature and Breathing.—Breathe air in water
by—
Gills in tail: Young mosquito.
Gills along sides: Clam, crayfish.
Gills in head: Goldfish, tadpole.
Through siphons: Clam.
By skin: Frog, coral.
Breathe air by lungs: Bat, cow, hen, horse, whale.
Breathe air by spiracles: Sphinx moth, caterpillar, mos-
quito.
Blood cold: Goldfish, turtle, snake.
Blood hot: Cat, hen, seal.
Blood red: Boy, hen.
Blood white: Worm.
Perspire: Dog, horse, boy.

Temperature and breathing will be modified by where
the animal lives, and also by—

15. Covering.—Naked skin: Coral, frog.

Hard, limy shell: Clam, snail.

Jointed limy shell: Crayfish.

Jointed horny shell: Mosquito hawk, wasp.
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Scales: Chameleon, goldfish, perch, snake, turtle.
Feathers: Cormorant, duck, hummer, owl, ostrich.
Hair: Camel, cow, reindeer, seal.

Horns: Cow, sheep.

‘Wool: Sheep.

Fur: Beaver, bat.

Thick fat: Bear, whale, seal.

Thicker in winter: Duck, horse.

Clothes: Boy, horse.

Oil glands: Duck.

Molting: Canary, cat, crayfish, caterpillar, snake.

Covering has various uses and is closely connected with
or forms the—

16. Skeleton.—Horny and elastic: Sponge.

Limy and basal: Coral.

Limy and outside: Clam, snail.

Outside and jointed: Crayfish, mosquito hawk, wasp.

Inside, bony, and jointed: Hen, sheep, turtle.

Now, leaving the idea of a framework and support for
the muscles, return to covering (15) in a restricted sense, and
next consider—

17. Color of —Skin: Coral, frog, wattles and comb of
hen, caterpillar.

Shell: Snail, clam.

Horny skeleton: Plant beetle, fire beetle, wasp.

Scales: Goldfish, snake.

Feathers: Canary, humming bird, robin.

Hair: Cow, seal.

Horns: Cow.

‘Wings: Butterfly, moth, potato beetle.

Legs and feet: Duck, dove.

Bill: Duck, dove.

Teeth: Cat, elephant.

Eyes: Cat, dove, mosquito hawk.

Father: Rooster, woodpecker.

-
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Mother: Hen, hummer, duck.

Eggs: Dove, robin, potato beetle, duck.

Changeable: Chameleon.

18. Use of Color.—There is frequently an evident pur
pose in this coloring. Allied with shape and attitude it
may cause the animal to harmonize with its surroundings,
or, on the other hand, render it conspicuous.

Concealed by color: Butterfly, crayfish, chameleon, frog,
caterpillar, robin, snake.

By shape: Chameleon, caterpillar. ,

By attitude: Frog, sphinx caterpillar, butterfly.
In holes: Bat, crayfish.

In nests: Duck, woodpecker.

Conspicuous and attractive: Butterfly, woodpecker, light
of fire beetle.

Should concealment fail, there are often other means of —
19. Defense or Escape.—Hard shell: Clam, turtle.
Bad odor: Squash bug.

Pinchers: Crayfish.

Sting: Bee, wasp.

Strong jaws: Soldier termite.

Spiny fins: Perch.

‘Wings: Robin.

Claws and beak: Hen, owl.

Teeth: Dog, elephant.

Claws and teeth: Cat.

Nose: Elephant.

Horns: Cow, reindeer.

Legs and feet: Horse, ostrich.

Tail: Horse, whale, kangaroo.

Swiftness: Fish, swallow.

Voice: Bear, dog, hen.

From §§ 1 to 16 we were concerned with the individual
alone, but with color (17) there is evident a progressive over-
shadowing of the unit and a revealing of relations to others.
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Color would be comparatively useless if the individual pos-
sessing it were the only one that had eyes. *“Hiding” or
“defense” would lack an object were the individual alone;
and even “character” (as we understand it) is either rela-
tive or comparative. Advancing along the line of these
new and higher relations, we next consider—

20. Voice and Language.—Touch: Blind people, ants,
COWS.

Signs and motions: Vulture, monkey.

Chirrup: Locust.

Buzzing: Fly, bee.

‘Whirring: Sphinx moth, humming bird.

Fluttering: Butterfly, dove.

Hum: Bee, mosquito.

Croak: Frog.

Hiss: Snake.

Quack: Duck.

Peep: Chicken.

“Song,” cackle, remonstrance, cluck, chuckle, warning
cry, soothing croon: Hen.

Coo: Dove.

Hoot: Owl.

Roar: Camel, ostrich.

Scream: Gull.

Chattering: Monkey, woodpecker.

Twitter: Swallow, humming bird.

Drumming: woodpecker.

Song: Canary, robin.

Bark: Squirrel, dog.

Slap: Beaver.

Clicking: Bat.

Spouting: Whale.

Trumpeting: Elephant.

Neigh, whinny, and snort: Horse,

Bleat: Sheep. ’

Moo, low, and bellow: Cow.

Growl: Bear, dog.
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Howl: Dog, monkey.

Bark and whine: Dog.

Purr, mew, spit, and squall: Cat.

Laugh, talk, whistle, sing: Boy.

Cry, sigh, groan: Of sick or hurt.

Yawn and snore: Of sleepy.

Blush and smile: Of pleasure or disgrace.

Facial expression: The habitual becomes fixed.

Talk, command, joke, etc.: With the mouth and eyes.

Taken in connection with actions, these varied forms of
expression form a wonderful index of the true character,
and are a potent factor in determining whether the animal
shall be—

21. Solitary or Social.—Solitary: Mosquito hawk, owl,
spider, mud wasp.

Social in feeding: Coral, cowbird, cow, monkey, sheep.

Social in defense: Bees, termite.

Social in work: Bee, beaver, termite.

Social in play: Cat, woodpecker.

Social in voice: Frog, swallow, woodpecker, monkey.

Social in migrations: Locust, robin, stork, swallow.

Social in hibernation: Bat, frog.

‘Whether the animal be social or solitary, it will be best
to next consider the results of their activity under—

22. What they make.—Burrows in earth: Tumble beetle,
worm.

Wells: Crayfish.

Flytraps and houses: Spider.

Covered roads: Termite.

Galleries in wood: Termite, oak pruner.

Chambers in earth: Mole, termite.

Egg boats: Mosquito.

Silk houses: Silk moth.

Holes in leaves: Potato beetle, caterpillar.

Galls: Gall insect.
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‘Wax cells: Bee.

Balls of excrement: Tumble beetle.
Mud cells: Wasp.

Down coverlets: Duck.

Huge, coarse nests: Stork.

Nests in the sand: Ostrich, turtle.
Nests on the ground: Duck, hen.
Nests on crags: Vulture.

Nests in trees: Humming bird, robin.
Nests in the hollows of trees: Owl, squirrel.
Mud nests: Robin, barn swallow.
Holes in trees for nests: Woodpecker.
Dams, houses, and slides: Beaver.
Homes in the ice: Seal.

Beds in tree tops: Monkey, squirrel.
Slimy tracks: Snail.

Houses, railroads, etc.: Men.

Much of this “ making ” is more or less directly connected
with— .
23. Family Life.—Choose mates for life: Dove, stork.

Build a house together: Beaver, robin, woodpecker, swal-
low.
Care for the young: Bee, black bear, crayfish, kangaroo.

Train the young: Cat.
Make room for others: Bee.
Divide the work: Bee, termite.

In this wonderfully beneficent institution we observe a

still greater surrender of the individual will, and accommo-
dation to others. Self-sacrifice reaches its highest develop--
ment in and through the care and training of the—

24. Young.—These are produced by—
Buds: Coral.
Eggs: Potato beetle, hen.
Hard shell: Hen, duck, ostrich.
Round: Snail.
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Oval: Hen, canary.
Cylindrical: Fly, potato beetle.
How many: Dove, hen, perch.
Laid singly: Hen, dove, wasp; butterfly.
Laid in masses: Frog, mosquito.
Laid in the water: Sponge, goldfish, mosquito.
Laid in the earth: Turtle, worm, locust.
Laid on food for young: Fly, butterfly, potato beetle.
Laid in food for young: Gall insect, tumble beetle.
Laid with prepared food: Mud wasp.
Deserted by mother: Cowbird, locust, snake,
Carried by mother: Crayfish.
Hatched by sun: Spider, snake, turtle.
Set on by mother: Canary, duck, owl.
Laid in other nests: Cowbird.
Born alive: Cat, sheep.
Names of the young—
Larva: Bee, locust.
Pupa: Butterfly, moth, fly, potato beetle,
Grub: Beetle.
Maggots: Fly.
Caterpillar: Butterfly, moth.
Tadpole: Frog. ¢
Fry: Fish.
Ducklings: Duck.
Chickens of hen.
Squab: Dove.
Owlets: Owl.
Birdlings: Canary, robin,
Calf: Whale, cow.
Colt: Horse.
Lamb: Sheep.
Cub: Bear.
Puppies: Dog, seal.
Kittens: Cat.
Baby: Man.
Different kinds of young: Ants’ cows, bees, termite.
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Like parents in form: Goldfish, snake, hen, sheep.

Go through changes in form: Frog, mosquito, caterpillar,
locust.

Have a resting (pupa) stage: Butterfly, hawk moth, po-
tato beetle, fly.

At once active as soon as born and able to feed them-
selves: Cow, duck, locust, spider, turtle.

‘Weak, helpless, and dependent: Canary, dove, cat, cow-
bird.

Suckled by mother: Whale, bat, cat, dog, sheep, seal.

Inherit physical character of parent: Milch cow, race
horse, dove.

‘Why the young need parents: Cat.

" Informed by the senses of its surroundings, the resulting
movements are largely decided by that remarkable faculty
called—

25. Instinet.—Sentinels placed to watch: Beaver, ostrich,
crow.

Flee away: Ostrich, kangaroo.

"Hide: Cow, cat, duck, frog, hen, hummer, ostrich, turtle,
coral.

Marks food and home: Bee, duck, squirrel.

Knows direction: Horse, dove, swallow, stork.

Weatherwise: Bee, swallow.

Forethought: Oak pruner, tumble beetle, bee, beaver,
spider, squirrel. _

In home building: Robin, swallow, beaver.

Young go straight to water: Duck, turtle.

Feign hurt: Duck.

Feign death: Potato beetle, squash bug.

Migrate: Robin, stork, swallow.

Hibernate: Black bear, frog, turtle.

From the acts performed under the guidance of this
unquestioning and almost infallible faculty, as well as
those determined by more advanced reason, we judge
of —
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26. Character.—This may be, emphasizing only desirable
traits—

Fearless: Bee, dog, hen.

Industrious: Beaver, termite, bee.

Skillful: Termite, beaver.

Persevering: Spider, mosquito.

Patient: Cat, hen, robin, sheep.

Meek and gentle: Dove, sheep.

Tender: Dove, robin.

‘Watchful: Cat, dog, vulture.

Imitative: Monkey, sheep.

Neat: Cat.

Docile: Cormorant, horse.

Obedient: Elephant, dog.

Confiding: Stork, swallow.

Influenced by companions: Sheep, vulture,

Intelligent: Elephant, dog, wasp.

Affectionate: Dog.

Faithful: Dog.

Constant: Dove, stork.

Self-denying: Robin, hen.

Sympathetic: Monkey, swallow.

Helpful: Stork, dog.

Merry: Robin.

Truthful:

Generous:

Merciful :

Forgiving:

Thoughtful :

Reverent: |

As with man: “He best serves himself who serves
others.” All the way down to the lowest animal, the
faithful doing of the little daily duties not only accom-
plishes these, but also those monumental things for the race
which shall endure for all time. 'We next notice—

27. How they Serve.—Help to form islands: Coral, star-
fish, clam.

Only God, and the boy or girl, man or
I woman, who is Godlike.

N
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Prepare the soil for plants: Termite, worm, crayfish.

Remove decaying things in water: Crayfish, gull, mos-
quito.

Remove carrion and refuse: Tumble beetle, fly, stork,
vulture.

Remove decaying wood: Woodpecker, termite.

Remove injurious insects: Bat, chameleon, mole, robin,
snake, swallow, woodpecker.

Destroy injurious animals: Cat, owl.

Produce food for ants: Ants’ cows.

Fertilize flowers: Bee, butterfly, moth.

Draws: Cow, elephant, horse, reindeer.

Carry: Camel, elephant, horse, dove.

Catch fish: Cormorant.

Scatter seeds: Cow, dove, squirrel, sheep.

Distribute animals: Duck.

Sing: Canary, robin. .

Help others: A good example.

Closely connected with this, but separated for our pur-
pose, is—

28. What they give—

Ornament:
Wampum: Clam.
Mother-of-pearl: Clam.
Feathers: Humming bird, ostrich.
Ivory: Elephant.

Clothing, etc.:
Buttons: Cow, horse.
Silk: Silk caterpillar.
Down: Duck.
Feathers: Duck, hen.
‘Whalebone: Whale.
‘Wool: Sheep.
Hair: Camel, horse.
Fur: Beaver, cat, seal.
Skins: Bear, reindeer, sheep, seal.
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Leather: Cow, sheep.
Horn: Cow, reindeer.
Sponge: Sponge.
Thread: Reindeer, seal.
Glue: Cow.

Food, ete.
Honey: Bee.
Shell fish: Clam, snail.
Fish: Perch.
Flesh: Turtle, bear.
Poultry: Duck, hen.
Eggs: Duck, hen, ostrich, turtle.
Mutton: Sheep.
Beef and veal: Cow.
Milk: Cow, horse, reindeer.
Butter: Cow.
Cheese: Cow.
Milk sugar: Cow.
Blubber: Seal, whale.

Light:

‘Wax: Bee.

Oil: Seal, whale.
Tallow: Cow, sheep.
Fire beetle.

Color, building material, ete. :
Deposits of niter: Bat.
Guano: Gull.

Galls: Gall insect.
Stone: Coral and clam.
Lime: Coral and clam.
Hair: Cow.
Life:
All young have parents.
“Come, let us with our children live.”
Advice and precept.
Noble example.
Opportunity for experience.
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“ Greater love hath no man than this, that a man lay
down his life for his friend.”

All this rearing and training of children, this *giving”
and this “serving” is in great measure the privilege of
middle life, when the matured powers are fresh and strong.
This will have been to us an experience, and the experience
will have developed character.

Right character being the most desirable thing, if we
have lived aright it will indeed have been “good for us to be
here.” As a whole, our lives will have been happy and
helpful, and if we love the young we shall wish them the
same happy, helpful existence.

But something more than “wishes” are needed. The
young are entitled to care and food ; to the training and ad-
vice which age and experience are able to impart; and, last
but by no means least, to an opportunity to use the lessons
received, and in their turn gain the upbuilding in character
which only comes through experience.

Among the lower animals this is made certain by relent-
less Death, who beneficently sweeps out of existence the
mature and aged, that the young may have a chance not
only to do as well but to advance toward better things.

It might be supposed that man would here show his
superiority to the brute creation, and by a thoughtful letting
go his hold on business and power permit the young to
have their needed day. Alas! who, candidly looking this
question in the face, must not admit that it would never do
to leave such an important matter to man’s free will ?

Here, then, with all its pain and trouble—do I see the
need and reason for death. Taking nature as a whole, and
leaving self out of the question, is it not, like all of God’s
plans for us, wise and beneficent in its operation ? Death
is bound to come to the child’s notice sooner or later, and,
while not forcing it upon him, I would gradually lead up
to the thought outlined above, and teach that here, as al-
ways, * whatever is is best,” and that “the servant is not
above his Master,” who declared: “It is expedient for you
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that I go away.” Further in this it is not proper here to go,
and I will only add that the ‘‘sorrow ” was healed by the
promise “ I come again.” The application needs nocomment.

‘We .have thus chosen a series of animals which are as
far as possible—

1. Available.

2. Of marked and desirable traits and characters.

8. Typical of large classes.

4. Characteristic of different lands and oceans.

5. Fully illustrative of desirable points and lessons.

We have also grouped these points and lessons under
heads arranged in a desirable sequence for work and each
point illustrated by the one or several (but never many)
animals which were fitted to bring it before the pupil.

These essential steps completed, we are now ready to
present this to the pupils—emphasizing again that in this
stage there is to be no comparing, no generalizing, no tell-
ing, but simply bringing animal after animal before the class
and securing a notice of certain poiunts or lessons which we
have decided on as best to present in that particular case,
assured by our carefully laid plan that all desirable points
will in due time come before the class, and each will be re-
peated often enough to become fixed.

The work of the teacher will be to present the animal,
or truthful representations to the class, and some object
from or connected with it to aid in fixing the interest.

The work of the pupils will be to see and tell about, in-
vestigate, and, if they choose, question.

The results will be expressed by the pupil in terms of “1
saw,” *“It looked,” “ I heard,” “I felt,” etc.

To this must be added “I read” or “Teacher read” ;
while only in rare cases must they be able to say “Teacher
told me.”

Does this mean much that can not be given ? Omit it,
then; for there is enough that can be given properly, and
the rest will come in later, and, best of all, the child will not
be spoiled for true work.
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Having thus analyzed and outlined this very important
branch of science, the real work of Step V follows.

(STEP V.—ANIMALS,)
AOQUAINTANCE WITH A FEW HOME ANIMALS.

Object.—1. To learn the use of external organs from a
boy.

2. To extend this to common animals.

3. To enforce moral lessons.

4. To teach various points in habit, structure, etc.

Time.—Of the school year—late spring and early sum-
mer. Of the day—when pupils need relaxation. About
thirty-five lessons of ten to fifteen minutes each, and averag-
ing three points a day.

Material. — The animals chosen for this step are all
common and easily observed, so that live specimens can
usually be examined. Some things will, however, need fore-
thought.

1. Search the ditches in early spring for frogs’ eggs to
place in some wide-mouthed dish (as an earthen baking
dish) to hatch, and simply let the pupils see them from day
to day.

2. When digging the garden and flower beds, especially
near where tomatoes stood, look for the naked brown pupa
of the sphinx moth and take them to school for the chil-
dren to see. Then bury in damp sand and cover with net-
ting to catch the moths.

3. Have a jar with a few fish (of almost any kind) for the
daily observation of the children.

4. Set a “school hen,” if possible.

Preparation of teacher will consist in getting things
to show to the class and in making his own observation on
them first. te :
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Books suggested for reference are Owens'’s Comparative
Zodlogy, Romanes’s Animal Intelligence, and The Riverside
Natural History. Many other books contain things which
these omit or give but briefly, but these are most generally
useful.

The Lessons.—Make thorough preparation, so that no
delay will occur in the class.

Push the work vigorously. The moment one point is
clearly presented to the class drop it and take the next.
An average of three points should be made each day, and to
do this may mean a dozen topics on simple work in one day,
and not all of a single one some other day.

I wish to particularly caution against confusing ditferent
kinds of animals. So many of the books for children seri-
ously confuse and mislead by a number of anecdotes and
statements about ditferent species of some animal, all brought
in together as though they were all true of one. Hence in
these lessons, having decided to talk about some kind of
land snail, say nothing about all the hundreds of other
kinds. If about the mud wasp, talk only of that.

The Boy.—Children know more about their own organs
than those of any other animal. Hence begin here, and
bring out the following points in preparation for following
work.*

1. Where do boys live ? “ On land.” (All for this time.)

2. Can a boy feel ?” Where best. (Make tests on ex-
posed parts.)

8. Can boys hear? What with ¢

How many ears? Where are they placed ¢

4. Can he see? What with ?

‘Where are the eyes placed ?

How many ?

‘What shape is the pupil ?

* The numbers before each point refer to the twenty-eight headings
before given: “1. To where they live; 2. To touch and feeling,” ete.
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How is the eye closed ¢ How many lids to each %

‘Which way do the lids move ¢

Any other use for the lids? (Protect and moisten.)

How are the lids kept moist and from rubbing on the
eye ?

5. Nose.—Where placed ?

Nostrils directed ?

Use of smelling ?

6. Taste.—Where located ?

‘Why we have taste.

7. What ways of moving has a boy ¢

"In what position does he “ creep” ?

How does he “swim " ?

Position in * walking ” ¢

How is the foot placed down in walking ?

How does running differ ?

How does he “climb ” ¢

8. What limbs has a boy ¢

How many legs ?

How many arms ?

How many toes ?

How many fingers ?

How many nails ? ‘

Has he a thumb? What can he do with the thumb that
he can not do with any finger ? (Place it opposite to fingers.)

9. How are his legs and arms arranged ¢ - (In pairs.)

How about the eyes, ears, and nostrils ?

10. What does he eat ?

‘What is the natural drink ?

Is salt desired ?

11. TIs the opening of the mouth across, or up and down

Of what use are the lips ?

How are the lips used in eating ?

How in drinking ?

12. Has a boy a tongue ?

‘Where is it located ¢ (Fills the middle of the mouth.)

‘Which end is fastened ?
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‘What uses can you observe for it ¢

13. Which way do a boy’s jaws move ¢

‘Where are the teeth placed ?

How many ? Use?

‘What three important ways of using them ?

‘Where are the *biting ” teeth, and what is their shape ¢

‘Where the “grinding ” teeth ¢

‘Where the * tearing ” teeth ?

14. What does a boy breathe ?

Is his body warm, or cold %

Of what color is the blood ?

Does he perspire? When ?

15. What covering to the body ¢ (Skin.)

‘What extra covering to the head ?

How do we protect the naked skin from the weather ?

16. Are there hard parts to the body %

‘Where are the bones ?

‘What do we call the place where bending motion occurs ¢
(Joints.)

17. Of what color is the skin ¢

The hair ¢

The teeth ¢

The eyes ?

The nails ¢

20. What sounds does he make ¢

Meaning of g cry ?

‘What feeling does a laugh express ¢

‘What is “talk” for ¢

‘What is singing ¢

‘When does he groan ¢

‘When sigh? When snore ¢

Meaning of a yawn ¢

‘What look comes over the face when pleased ¢

How is shame expressed in the face ?

Can you tell anything of the feelings by the looks of the
eyes ?

How do dumb people talk ?
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How would you manage to get a drink, or some food, if
among those who spoke a strange language ¢

Do anger, meanness, and untruth, show in the face ¢

Is there any danger that a scowl may become the fixed
expression of the face ?

21. Do boys like to be alone, or in company of others ¢

22. What do grown-up boys (men) make ¢ (Confine this
list to a limited time and the experience of the children.)

23. What persons make up a family ¢

What is the place they live in called ?

‘What does the father do for the family ?

‘What the mother ?

How can brothers help ?

And the sisters ¢

(Each teacher must work such a topic out in her own
way, but limit the time, or it can become wearisome, and
varying phases will constantly be coming up under other
animals.)

24. What is a very young boy called ?

Can he run about and get food as soon as born ?

‘Would you think from his looks a baby was to be a man ¢

Having pushed this elementary and preparatory study of
the boy to a brisk conclusion, at once proceed to consider
the following points in a common type of the milk-giving
animals.

The Cow (No. 57).

8. Notice that she has four legs and a cleft hoof with
two toes.

9. Notice that the organs are arranged in pairs, and the
two sides of the body alike.

10 and 11. She drinks water by means of fleshy lips.

12. Her tongue is thick and fleshy and used to draw the
food in.

13. She has no upper biting teeth, but has stout grinders.
She eats rapidly, and then at her leisure brings up the swal-
lowed food again into the mouth and chews her cud.
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14. She breathes air by lungs, and her breath is “sweet.”

15. She is covered with hair, and has round horns.

17. Notice the color of her hair and horns.

19. She defends herself and calf with her horns. '

20. Cows have a very expressive language, well under-
stood by each other and by persons who are familiar with
them. Much of it is untranslatable, but the following will
illustrate: “Moo.” This gentle call is used to the calf when
near, and in an appealing tone to ask for food or water.
“Lowing” is in a more vigorous tone and the call for its
mates, the inquiry put to strange cattle, or the appeal to the
keeper for food or water when he can not be seen. * Bellow-
ing” is the language of rage or pain.

21. Cows are soctal, and much dislike isolation from their
kind. If shut up alone, they will use their best efforts to
escape, and, failing in that, stay on the side of the field near-
est to other cattle. They will even form an attachment for
other animals, as a horse or sheep with which they may be
confined.

24. The young is called a calf, which is able soon after
birth to walk and suckle. The power of inheritance is seen
in the way the milk-giving powers of the Holsteins, the
fawn-colored muzzle of the Jersey, or the flesh and fat
producing powers of the shorthorns is transmitted. The
lesson to draw from this will come later ; only notice the
fact now. Note the color and tenderness of the unused
muscles in the veal of the calf.

27. The cow is of great service to man. In the Azores*
I constantly saw cows employed to draw wagons, plow,
harrow, and turn the mills for grinding meal and flour.
They also aid plants to scatter their seed, as any cow’s
tail and legs will show who has been where burs, etc., were.

28. Not only does she * serve,” but she gives much. Her

* Always find a place or country on the map with the class. I have
this end in view in all such references, and a steady and healthy gain will
result in the knowledge of the earth’s surface.
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rich milk is a perfect food for us. On it, when standing,
rises rich cream, composed of little globules of fat incased in
cheesy envelopes. By dashing these about in a churn the
cheesy coverings are broken, and the oil adheres together in
masses which we call butter.

If the milk is curdled in a certain way, all the liquid
“whey” drained out, and the “curd” salted, pressed, and
kept a while to * cure,” we have the rich yellow cheese.

From the yellowish, watery whey the Swiss separate a
hard and not very sweet sugar, called milk sugar, which we
are all familiar with in the form of pills and tablets.

‘When she is not needed for milk, the cow’s flesh gives
us the beef so common on our tables, and the fat is called
tallow and used to make candles and soap.

The hair is taken off the hide and used to mix with lime
and sand for mortar to plaster our houses.

The skin is then soaked in water with the ground-up
bark of the oak or hemlock tree ; which tans the raw hide
into the firm leather of which boots and shoes are made.

The white bone buttons used on underclothing are part-
ly her gift, and from her horns are made combs and other
things. That nothing be lost, scraps of untanned hide, bits of
horn, hoofs, and even bone are boiled, and out of them is dis-
solved a substance we call glue. In giving this point, bring
a quart of milk and set it for cream. If different children
are interested to compare the milk of their different cows,
let them bring the new milk and set samples of each in
equal-sized test tubes, and through the glass sides the thick-
ness of the cream that rises can be judged.

Have samples of butter, cheese, milk sugar, beef, etc.,
brought by different pupils. Curdle some milk with rennet
or a little acid and show the “curds” and “whey.” Light
a candle. Show some old plaster with the hair in it. Let
the boys file or scrape a quart of oak bark, and, having
steeped it well, put in a scrap of rawhide. Have bone but-
tons and glue brought. There will be no lack of interest
in such work, and the only caution I have is: “Do not tell
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anything it is possible to show or have the class find out;
and do not continue the work Zoo long.

The Hen (No. 37).

Material needed: Get the butcher to save a lot of heads
and legs (which they usually chop off and throw away), wash
them well, dry, and give one of each to every two or three
pupils. Get some pupil to bring a live hen in a box to have
it for examination. A hen should also have been set about
two weeks before this study begins.

3. Search for the con