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REPORT OF THE COMMITTEE APPOINTED TO INVES-
TIGATE THE RELATIONS OF THE PURE AND
APPLIED SCIENCES IN HIGH SCHOOLS.

WoraLLo WHITNEY.

That there may be no confusion with respect to the purpose of
the committee, I shall quote from the resolution adopted at the
last meeting of the Academy, in which the appointment of the
committee was requested. I quote the following:

“Inasmuch as the demand for industrialism in education has
become widespread and is causing the addition of many new
courses in applied science to the curriculum of the high schools
and the readjustment of the established courses in pure science;
and, ;

“In view of the fact that there is little data at the command
of educators which might enable them to reorganize the work in
science on correct lines without risk of serious mistakes fraught
with danger of disaster to both the pure and applied sciences,

“Your committee recommends that the Academy appoint a
committee of five members to investigate the practice of secondary
schools in:—

1. The organization of the applied sciences.

2. The correlation of the pure and applied sciences.

3- The adjustment in the pure sciences to meet local condi-

tions and satisfy the demand for practical courses.”

After considerable study to find the best method of attacking
the work, the committee decided that it could be accomplished best
by a division of the investigation and assigning part to each mem-
ber of the committee. The following subtopics were decided
upon:

1. The effect of the demand for applied science upon the pure
sciences in ordinary high schools where no courses in the applied
sciences are given. 2. The relations of the pure and applied
sciences in schools where both are taught. 3. The relation of
these sciences in authorized agricultural high schools. 4. Their
relations as shown by analysis of text-books of agriculture.
5. The preparation of teachers for the science work of high
schools.

Unfortunately for our scheme of work, two of the members of
the committee found that they were unable to do their work. To
remedy this, the fifth topic just read was dropped for the present,
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and the second is included in my report, since the first and second
topics are closely related.

I shall retain our original division of the topics in my discussion
and consider first the effect of the demand for industrialism in
education upon the courses in pure science in the ordinary high
schools. The demand comes under various guises, such as
“practical courses,” “vocational courses” and “applied courses.”
Within the last two or three years great pressure has been
brought to bear upon teachers of the pure sciences to modify
these courses and make them more “practical,” as it is usually
put. How this pressure has been met, is the question which I
have set myself to answer in so far as the scope and means of
such an investigation as this can determine.

It seemed best to begin by studying the situation in Chicago,
since I am well acquainted with the history of science teaching
in this city from the time of the inauguration of modern labora-
tory methods, and since also the evolution of science teaching in
Chicago is undoubtedly similar to its evolution elsewhere, except
that it is slower because of the larger bodies of people to move.

There has been a slow evolution in methods of teaching the
various departments of science from the very beginning of the
establishment of the laboratory. The present agitation has only
served to accelerate somewhat a movement already in progress.
At first there was insistence upon strict scientific methods—such
as the inductive process of observation and inference. A text-
book open in the laboratory was strictly forbidden. The study
of types with the emphasis on morphology was insisted upon.
The order of study was always evolutionary. Even the labora-
tory tables were copied from the style found in college labora-
tories. In fact, the entire course was modeled on the college
course—simply a slightly modified edition of the college course.
The tendency has been away from this hand-me-down college
work toward something specifically adapted to high school needs,
—a high school course in science suited to the experience, ability
and needs of the high school pupils. I think I can illustrate just
what this progress has been by taking one of the high school
sciences and comparing a former course used in Chicago with
one recently adopted. For this I shall take botany, since in most
or all of the other sciences, whether or not the experiences of the
home and daily life are utilized, is a matter of laboratory prac-
tice in the application of the topics of study, while in botany the
topics themselves give a hint as to the method used. In physics,




SCIENCE IN SECONDARY SCHOOLS 153

for example, the topics electricity, heat, light, etc., will appear in
all courses, no matter what the treatment, and only a study of
the methods in use in applying the topics will show what progress
has been made.

For the purpose of this inquiry it will be sufficient to compare
two courses of study for botany—one dated June, 1908, and in
official use since that time, the other recently adopted for future
guidance.

A comparative study of these two outlines shows that in the
earlier one the year’s work was divided into two parts corre-
sponding to the semesters, one occupied with a survey of the
plant kingdom taking up the groups in evolutionary order, the
other, usually given in the second semester, dealing with the seed
plants and outlined in structural order. Theoretically this looks
like an ideal plan, and it appealed to college men who write text
books of botany for us and to teachers of botany fresh from the
university, as the only course to give. But we who are in the
business of teaching botany in high schools had difficulties in
applying it. Our pupils were not interested, little enthusiasm
could be aroused—many pupils failed—in fact, only the brightest
pupils got anything out of the first semester’s work. The second
semester’s work was needed to restore interest lost in the first
half year’s work, and even that dealt with structure to such an
extent that the interesting spots in the course were in danger of
being lost sight of. The work on the local flora in the spring
was the only thing that saved our classes in botany from extinc-
tion. We turned out few botanists.

As soon as the average teacher realized what was happening,
he began to inject into the course various features, mostly in the
line of field and home studies, to add interest and appeal to the
experience of the pupil. The most popular of these were studies
of fall flowers, leaves, trees, woods, and various studies of the
commercial uses of plants and plant parts.

Turning now to our recently adopted course, it is easy to see
how this has finally worked out. It will be noted at once that
the studies of plant groups occupy only about half of a semester,
instead of an entire semester. Evidently, detailed studies of
structure must be omitted in using this course, since there will
not be time for such work. The title itself is quite illuminating,
indicating that the laboratory is not the only place to study botany.
It is interesting to note various topics not found in the old course,
all of which appeal to the human interest of the pupil, such as
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BOTANY.
LABORATORY AND FIELD COURSE. 1b. (First Semester.)
(In use Sept., 1912.)

Topics. Suggested Subtopics.
Fall flowers......... il Princinal types of common wild and garden flowers,
: especially the compositz. Insect pollination.
EENwes ...l eiieiee veeesess.. Work of leaves. Light relation of leaves.
Identification of trees by their leaves.
Weeds ....... e L ... Types of weeds and their characteristics.
The s‘\l.‘ruggle for possession. Collection of common
weeds.
Seeds and fruits.......,...... Types of seeds and fruits; methods of distribution.
8011ecting seeds; planting tree seeds. :
Preparation of plants for winter. Trees, perennials, biennials and annuals considered in
this relation. Bulb culture.

Forestry .......c.c.eeuev.....ldentification of trees in winter conditions. :
Planting and caring for trees; forestry. Enemies of
trees.
Age ... .... Byl ceseaseseThe cell; plasmolysis.
Types of alge showing develoPme.nt of plant body.
Types of reproduction; establishing home aquaria.
o R e e A S e «++. Life history of a fungus. § X
Types of fungi from an economic standpoint. Bac-
teria.
Liverwort, moss, fern, pine.....Evolution of the plant body.

Spore reproduction; the seed.
1a. (Second Semester.)
Seeds and seedlings............ Gerrinin:ilition; the seedling. Respiration; response to
stimuli.
Seed testing; food storage; uses to man.
Roots ........ RS S wieleTsbiete Types, modifications.
Food storage; uses of roots to man.
Functions of roots; soils and fertilizers.
ST IR R e K seveee.Types, structure and modification. Work of stems;
uses to man.,
Woods; identification and collection.
BNV ...l Structure, modifications. Work of leaves; economic

uses.
Gardening, window and outdoor.Planting rules, planning garden and homeyard.
Garden accessories, hot beds, cold frames, etc.
Types of garden plants; propagation of plants, cut-
tings, grafts, offsets, etc.
The flower........ .. Structure and function by means of a typical flower.
1 flora.. Types of flowers, flower families.
1ld flower collection, flower calendar.
Use of keys; how to make an herbarium.

fall flowers, preparation of plants for winter, forestry, gardening,
local flora, etc. :

Another very interesting and significant feature is the com-
parative flexibility of the two courses. In the old course the
amount of time to be given to each subject is stated in hours.
No such statement is to be found in the new course. The types
in the old course are all stated positively, while in the new course
the heading reads “suggested subtopics.” Again, in the statement
accompanying the new course, the teacher is given entire liberty
with respect to the order in which the topics shall be taken up.
The first course is arbitrary and inelastic. The new course is
flexible and easily adjusted to any teacher’s special needs.

The trend has been away from a strictly scientific development
of botany which did not recognize the pupil and his interests to
a flexible course, where the purely scientific development of the
subject has been subordinated to the development of the pupil’s
interest in botany. The scientific aspects are not lost by any
means, but they are not the sole thing now.
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I have given a good deal of time to the study of the develop-
ment of botanical teaching in Chicago, because it seems to be
typical of the trend in all the pure sciences. It will therefore
not be necessary to give much time to a consideration of the
other sciences. Zodlogy has experienced like changes in method
indicated by the use of the insects as an introductory study and
by the dropping of the echinoderms from the course. This last
was not done without a struggle, for the impulse to take up the
groups one after another, omitting none, is very strongly rooted
in the minds of zo6logy teachers.

In physics there is consistent effort to make application of the
laws and principles of the science to problems of everyday life.
In chemistry, analysis of food adulterants and other articles used
in the home give the needed relation of the subject to the pupil’s
experience.

It would not do to assume that conditions in Chicago neces-
sarily resemble those in other places. I, therefore, undertook
an investigation to ascertain how the pure sciences are being
taught in various other parts of the country. Manifestly, this
could not be done by examination of courses of study, and so I
prepared a brief questionaire which I sent to representative
schools in Illinois and other States of the middle West, and a
few to the extreme West. The returns were fairly satisfactory,
considering that it required the combined reports of teachers of
four departments.

For botany dnd zodlogy the following questions were asked:
1. State in order as given by you the topics and groups of plants
(animals) taken up during the year and the time allowed for each.
2. Upon what do you place most emphasis? 3. What, and how
much, outdoor work do you do with your classes? For physics
and chemistry there were two questions: 1. State in order as
given by you the topics taken up during the year. 2. Do you do
any so-called “practical work” with your classes? If so, what?

A tabular resumé of the reports on these courses of study has
been prepared and is appended to this paper. While the number
of reports is not great, the schools included in the report repre-
sent a wide variety and are representative schools, so that it is
probably safe to assume that their courses represent the prevailing
tendencies. Wide variations are shown, especially in botany, but
on the whole certain things stand out clearly, marking what we
may call the attempt to relate the teaching of the sciences to the
experience of the pupil.
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In botany, as has been indicated, there is wide divergence, but
it can readily be seen that the tendency is away from the evolu-
tionary type method. It is also quite evident that there is as yet
no settled conviction as to what should take its place. In zodlogy
the insects are universally chosen for beginning the work and
receive the greater share of the time. There is not much indica-
tion that the mammals are receiving a fair share of attention. If
economic importance and nearness to everyday experience are to
be controlling motives, then one would expect to see more time
given to studies of mammals. The reports show on the whole
considerably greater uniformity of practice than with botany.

The reports upon physics and chemistry did not give much of
value on the first question so far as concerns this paper, and no
tabulation of this portion has been made. The reports on the
second question show almost unanimous agreement in giving the
experiments a practical bearing and, and in the case of chemistry,
in introducing many experiments with substances used in the
home. Questions were sent out for physiography, but the re-
ports did not seem to have much bearing on the question under
discussion and have not been tabulated. Tt is fair to say for those
making reports that it was found necessary to condense the re-
ports as much as possible for use in the tables. Some of the
reports were quite extensive and deserving of publication in their
- complete form if space had permitted.

Considering the reports as a whole, it will be seen that there is
a decided tendency toward emphasizing the aspects of each sub-
ject that come within the experience of the pupils in everyday
life. In some cases it seems to have been carried to excess,
notably with tree studies in some courses in botany, and possibly
in some of the courses in chemistry. The important principles
of each subject should never be lost sight of, no matter what
course is given, and I judge that there is danger of this in some
cases, The movement, however, seems to be a healthy one on
the whole and for the good of science insofar as it appeals to a
greater interest on the part of pupils and their parents. That it is
a progressive movement, in which some schools have made much
greater progress than others, is also evident, and what we should
expect and wish for.

I shall now take up my second topic, namely, the relation of"
the pure and applied sciences in high schools where both are
taught. There are practically only two applied sciences which
have been incorporated in high school curricula to such an extent
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that they should receive attention in this report, and these are
domestic science and agriculture. First, then, we shall consider
the case of the courses in domestic science. For data I shall
use a paper which I read to this body at its meeting in 1910, in
which I made a comparative study of forty-three Illinois high
schools.

Of the forty-three schools listed in this report—schools taken
at random—44 per cent have courses in domestic science. Of the
nineteen schools having domestic science in their curricula, seven-
teen have these courses in the first two years of the course with
no science preceding which could serve to prepare the way for
such courses. One school has its domestic science courses in the
third and fourth, where it is possible that there might be corre-
lation with the pure sciences. One other school has general sci-
ence in the first year, with domestic science in the first three years
of the course; there might be correlation here. A few schools
have domestic science running through the entire four years.
There might be some correlation in these schools, but probably
not, since there could be no correlation in the first two years.
From the above, it must be concluded that there is practically
no attempt at correlation of domestic science courses with other
science courses.

In discussing the correlation of agriculture with other sciences
in the ordinary high schools, I am compelled to use data for the
most part collected by others, since there was too little time for
me to get data from original sources when I took over this topic.
My principal source of information is a report made by C. H.
Robison, entitled “Agricultural Instruction in the Public High
Schools in the United States.” This is a very extensive study
of the subject and a very valuable one (made in 1910).

However, before analyzing the data to be gathered from Mr.
Robison’s report, it will be well to give some attention to the
schools of this State which have courses in agriculture. At De-
Kalb a year’s work in agriculture is given in the first year, thus
treating it as an introductory science. At Princeton, agriculture
is offered in the second year as an alternative for botany and
zodlogy. It is preceded in the first year by physiography. At
Freeport, agriculture is offered as an extra study—called the
“agricultural club”—during the first two years. A note adds
that “the work in botany, zoélogy, physics and chemistry is made
practical for the study of agriculture.” At La Salle an elaborate
four-year course is offered in which agriculture and manual train-
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ing are made to work together toward the one end. Only two
pure sciences are offered in the agricultural course, namely, bot-
any and zoology in the third year, and chemistry in the fourth
year. Thus horticulture precedes botany, while zodlogy is given
cobrdinately with animal husbandry. Physics is evidently in-
cluded in the agricultural courses under various heads, as soil
physics in the first year and farm-mechanics in the manual train-
ing course of the second year. This course seems to be well
worked out, but the place of zodlogy and botany in the third
year seems to be unfortunate, if the work is to be useful in agri-
culture. Apparently there is little correlation attempted in Illi-
nois schools, except at the Freeport school, though an external
study of courses cannot, of course, be conclusive.

Turning now to the data obtainable from Mr. Robison, the only
point which I shall attempt to make is that of the correlation of
agriculture with other sciences. Is there any attempt at corre-
lation, or are the courses in agriculture put in where most con-
venient, or, perhaps, put in the first year to attract students from
the farm—as a sort of bait? Mr. Robison has data from about
one-third of the high schools in the United States then giving
agriculture in the curriculum—enough, as he says, to indicate the
“current practice” of the schools. Out of 104 schools which give
only one year to agriculture, 49 place it in the first year, which,
of course, renders correlation with other sciences impossible.
Thirty-one more schools place agriculture in the second year, in
which case it is possible to precede it by physiography, a science
with which agriculture has comparatively little in common. If
we add these two classes of schools together, we find that in 8o
out of 104 schools reporting there can be but slight correlation
with other subjects. Using other data, we find that agriculture
is preceded by physical geography in 72 out of 108 schools report-
ing ; preceded by botany in 33 schools ; by zodlogy in 5 schools;
by physics in 16 schools, by physiology in 17 schools. By these
figures it is seen that the studies most useful to agriculture are
least likely to precede the subject.

It does not seem necessary to quote further. Probably the
lack of some settled plan of correlating the work in science in
these schools is no more than is to be expected, considering the
fact that agriculture is but just beginning to get a foothold in the
curricula of high schools. But the fact that domestic science is
also uncorrelated with sciences which might contribute to it
tends to show a lack of appreciation that one science might help
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another—or a pure science help an applied science. We have no
right to expect anything else, for the pure sciences themselves
in the high schools, physiography, botany, zoology, physics, and
chemistry, are each regarded and treated as entities having nothing
in common. Each teacher puts into his department of science
just what he pleases, with little or no regard to any other depart-
ment. If between them all something fundamental is untouched,
it is nobody’s business. If this be true, and it cannot be success-
fully disputed, how could we expect a new science to be corre-
lated with the older departments. already in possession.

I cannot close my paper without some suggestions, hoping that
they reach some sympathetic ears. My first suggestion is that
when a new applied science such as agriculture is put into a cur-
riculum, all interested in science in the school ought to be the
ones to adjust it to its proper place and that the older depart-
ments ought to be correlated with the newcomer in such a way
that what is already established in the school should contribute
as much as possible to the new course. To be more explicit, why
not let a general science course, or the physiography, botany,
and zodlogy, contribute all they can to agriculture, and this can
be a great deal; then agriculture can in its turn be made purely
applied science, counting upon the help of other sciences to pre-
pare the ground. The agriculture thus arranged would be of
quite a different type from the mixed pure.and applied science
usually given. It would seem to be good business economy, to
say nothing of educational economy, to let what is already estab-
lished in the school do all it can, instead of running parallel
courses—thus doubling the teaching and halving the size of the
classes. Two years of agriculture rid of its pure science mix-
ture should be sufficient if built upon two years of pure science in
the first two years of the high school and correlated with the
pure science of the last two years. If there can be but one year
of agriculture, then it should be in the third or fourth year to
make it most effective. This idea of putting agriculture in the
first year is on a plane with the placing of stenography or book-
keeping in the first year—a bait to get the boy or girl into the
high school and unworthy of an educational program. Studies
should be placed where they belong in a consistent course. If
the school is turning out self-reliant boys and girls, that is suffi-
cient bait and the only inducement worthy of a school.

I cannot help thinking that in all this talk about practical
courses, vocational training—continuation schools, industrial
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schools—there is danger of losing sight of certain fundamentals
in education. Ought the boy or girl to be educated for a certain
predetermined groove in society? Are we not in danger of doing
this very thing, and is this not an effective method of perpetuating
class distinctions? Is not such a course contrary to the well-being
of a democratic form of government? These are things to be
thought of seriously.
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