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SCIENCE IN THE HIGH SCHOOL, CURRICULA

VERNON L. NICKELL
Superintendent of Public Instruction, Springfield

The place of science in the high
school program is a subject that has
been discussed by various groups
from time to time over a long period.
The importance placed upon it is
determined somewhat by the group
and their general interest in science
in the high school program. The
importance and recognition of the
place of any particular subject will
vary from group to group. I pre-
sume this is an advantage, because
it keeps each subject area group con-
scious of each of the others, and at
the same time requires the various
subject groups to be well informed as
to the contributions which each sub-
jeet area can and will make to the
general education program of our
high.school youth.

The importance of any particular
field of study in the preparation of
our youth cannot be passed off with
general conclusions today as it may
have been, let us say, at the turn of
the century. The obligations of edu-
cation in our modern scientifie, tech-
nological, and ideological world im-
poses a serious burden wupon the
school if we are to prepare our youth
to live successfully and to compete
in our modern world, T believe it is
necessary today in formulating the
program of training for young Amer-
icans to give them as much informa-
tion as possible in all areas of human

endeavor so that they may be pre-
pared to at least think in all of the
areas which will modify and change
their environment. Since all of these
areas have a great deal of valuable
material it becomes necessary to
evaluate carefully the kind of sub-
Jject matter and the areas which must
be emphasized in order to plan a
well-balanced training program.

No one can deny that science is
one of the most important areas of
training. Every living being is faced
with the existence and effects of
scientific principles every living min-
ute. Each individual is a seientific
bundle of facts—a living chemical
laboratory. Every living thing rep-
resents chemistry at work as well ag
other phases of science.

.When some portion of this chem-
ical laboratory of life fails to func-
tion, a scientist skilled in that par-
ticular field must be called to deter-
mine the cause of this failure. To
human beings this scientist is known
as a doctor. In his examination and
inquiry into the affected area, it be-
comes necessary at times for him to
call upon other skilled scientists to
assist him in determining the cause
for failure. If it is possible to deter-
mine the cause of the failure or weak-
ness, the physician then is in a posi-
tion to prescribe treatment, which in
many instances involves the adminis-
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tering of other chemicals to assist in
the correction. Or, some other phase
of science may have to be utilized.

In agriculture when soil fails to
give back to man what is expected
or desired, he turns to a specialist in
soil science to determine the cause,
and when discovered, to recommend
scientific treatment of the soil in
order to restore its productivity. Us-
ually it is a soil chemist who makes
the analysis and prescribes the treat-
ment.

When man in his ever-changing
environment is faced with the need
for a new machine, or, for instance,
the construction of a bridge, a dif-
ferent type of scientist is called to
work upon the problem and to pre-
seribe, and as a result of his efforts,
new machines are invented to lift
burdens from and solve problems for
mankind.

When man in his searchings dis-
covers some new material previously
anknown to man, a scientist is called
to determine the content of this new
material and to help determine the
uses to whieh it can be put to serve
mankind.

When progress has been made in
certain areas and man is led to be-
lieve that a mew force is suspected
to exist in hidden areas, another
seientist is called to begin research
to determine the nature of the force
—how it can be unlocked and made
available. For a long time before the
diseovery of how the atom could be
split and its force utilized, man was
conscious of or believed that there
was such a hidden force. The chal-
lenge was how to unlock this force to
make it available. A few years ago
this problem was at least partially
solved. We hope and anticipate that

for the most part this enormous foree
will be used to benefit mankind, but
at the same time we know that seien-
tific discoveries have also been used
to destroy mankind.

We may state that all progress
made by man from the beginning of
time in the area of the physical world
rests upon the work and the dis-
coveries of scientists in some area.
T believe we could agree that some
of the improvements and strengthen-
ing of our belief in the spiritual side
of man’s life have come about as a
result of knowledge gained in some
phase of science. Yes, even the be-
lief in our basic philosophy of the
existence of (Gtod and thé improve-
ment of our spiritual welfare has
been enhanced and strengthened as
a result of our constant forward
march in seientific areas.

Accepting the foregoing state-
ments as true, it becomes evident that
if man is to understand the world,
the environment in which he lives,
he must have at least some basic
fundamental knowledge in the areas
of seience. Hence, in outlining the
program of training for youth in our
clementary and high school courses,
we cannot negleet the importance of
this area of essential knowledge.

Too often, it seems to me, the out-
line of subject matter which makes
up our curriculum has not been well
planned—especially in the field of
science. In my humble judgment 1
feel that the scientific portion of our
training program should be a contin-
wous and developing program of
study starting at the beginning of
our formal education in the kinder-
garten or first grade. It should grow
progressively and should be adapted
to meet the particular grade level
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in which the subject matter is util-
ized. Tt should thus continue in an
orderly and well-organized fashion
from. the kindergarten through the
high school.

There may be those programs of
preparation in science for our youth
which have a tendency to wander to-
ward the realms of specialization,
especially in the elementary school.
I do not believe that this is good
for the best interests of the pro-
gram and the learner,

In the eclementary school, especi-
ally in the middle and lower grades,
it is not as important to study basic
scientific principles as to use text
material which recognizes and con-
tains these fundamental principles
without setting them forth as such.
In this area, I believe it is essential
that the child grow to understand
his relationship to the scientific world
in which he lives—the production of
life in both the plant and animal
kingdoms, and man’s dependence
upon these plants for his very
existence.

In the upper grades it is essential
that youth learns the importance, for
example, of a balanced diet and its
contribution to his physical welfare
and to his general happiness and well
being. The elementary school child
should also be instructed in the areas
of science which teach him why it is
important that he learn to take
proper care of his chemical labora-
tory which forms the house in which
he lives.

Such a general outline as this
should be so well worked out that at
every grade level the material would
be adjusted to the understanding of
that age group. In many instances
some of this material can be well in-

tegrated with other areas or subjects
50 as not to make the material too
elaborate or voluminous. I believe
n addition to this it would be pos-
sible, even in the elementary school,
to prepare additional scientific ma-
terials to be used by those children
who show strong potentialities in the
field of science and who at the same
time possess what, for lack of a bet-
ter term, we call a “‘high intelligence
quotient.”’ In approaching this prob-
lem, teachers in the classroom must
recognize that if the hidden poten-
tials of our children are to be de-
veloped, we must offer continuous
challenges to them which will whet
their appetities, increase their de.
sires, and help them to progress in
the ever-challenging world in which
we live,

In high school it is possible to offer
a new specialized approach in the
field of science. We move into the
areas of chemistry, physics, biology,
earth science, and health. Tt is pos-
sible then for the student to learn
and understand the chemistry and
physies of the world in which he
lives and how dependent man is upon
this knowledge if he is to live under-
standingly, successfully, and happily.

In both the areas of elementary
and high school scientific courses, the
school should wutilize as source ma-
terial, insofar as possible, the local
environment in which the student
finds himself. This tends to tie to-
gether the purely scientific phase of
man’s interest and the practical side
of man’s life. It enables the teacher
to make clear to the student the
importance of both of these areas
in the life of human beings.

I recognize that probably not all
students should be required to study
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these specialized fields of science.
But the courses should be required of
all students who show that they
possess excellent seientific potentials,
a high degree of intelligence, or spe-
¢ial potentials in the field of teach-
ing, research, medicine, physies, en-
gineering and chemistry. I believe
that the teacher of science has a re-
sponsibility to the student to dis-
cover, if possible, some of his tenden-
cies and, when discovered, to afford
him the opportunity of further de-
veloping these potentials.

1 am not well enough informed on
the outline of high school courses to
know whether or not the following
idea is in existence or whether it is
a practical one, but I do believe it
holds a challenge which might well
be considered and utilized, especially
in large high schools where it can
be organized for the benefit of that
eroup of students who show the po-
tentials to which I have referred.

The idea is this: That it may be
well to offer as elective courses cer-
tain prerequisite courses in the spe-
cialized fields of science which would
enable the instructors to discover
the students’ likelihood of scientific
potentials in any particular science
area. When these courses have been
completed, the school should organ-
ize more specialized courses in cer-
tain areas of science which would
oive the more gifted child greater
challenges in fields of exploration
and so assist him in developing these
hidden qualities. As I say, I am not
sure whether or mnot this prineiple
is used in our American high schools,
but T believe it is worthy of consider-

ation if we are to offer to the more

able group of children greater chal-
lenges than the general eourses offer

at present. It might be well for those
who show ability to be classified into
groups where they could move for-
ward more rapidly, especially in the
general courses. This would permit
them to go into the more specialized
courses at an earlier date and com-
plete them within the preseribed pe-
riod of time which we usually allot
to the secondary school.

I have heard it charged that in
some high school courses of study
there has been a tendency to reduce
rather than to enlarge the science
offerings. Where this has been the
practice, I am of the opinion that
it would be impossible for the teacher
to have sufficient opportunity to dis-
cover the hidden potentials of those
who come under his instruction. This
could have bad results, not only in
helping the child discover his talents,
but also in denying to the scientific
world, abilities which we all know
are needed now more than ever
before.

Many of our high school courses
have been organized around the the-
ory that high school science courses
should be chiefly concerned with the
presentation and memorization of
scientific faets. It is true that a-
certain amount of this is necessary,
but for the most part the courses
should be organized on the problem-
solving basis. I believe, too, that
many scientific facts will be more
easily learned and mastered when
approached from the problem-solv-
ing point of view rather than from
the point of view of merely memoriz-
ing the facts as such. You in this
organization, are very conseious of
this. However, I believe that you
have a responsibility to the other
areas of edueation in making known
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to them these conditions, for the rea-
son that no particular subject of
study in the high school is wholly in-
dependent of all other areas of study.
The high school program of training
Is an overall program and each sub-
jeet is interrelated with the other,
and we must recognize this in out-
lining and organizing the program of
education in our secondary schools.

In utilizing the “problem-solv-
ing” method of approach, the stu-
dent begins to learn what I conceive
to be the difference between research
and research. 1 have known individ-
uals in my time who used these words
interchangeably. While it may be
true that the dictionary might not
make a distinction, T believe that
from the secientific point of view
there is a real difference. The first,
research, as I conceive if, means
merely a review of the areas already
covered, to discover known faects and
principles; but the second term, re-
scarch, means a critical and exhaus-
tive investigation, possibly through
experimentation, in an effort to dis-
cover new principles and unknown
facts. Handling courses in science
in this fashion, when properly di-
rected, gives the student funda-
mental and important training in
the scientific approach and tends to
develop techniques in the field of
research. It leads him, and I think
desirably so, to the point where he
is not willing to acecept the expres-
sion of a mere opinion, but rather
to examine critically to discover
whether or not a given statement is
true or false.

As I have already pointed out
above, it is the duty of every teacher,
including the teacher of science, to
help each student discover his hid-

den potentials, to utilize every op-
portunity to encourage the echild
from kindergarten through the high
school to enter into activities and
projects in an effort to help him to
discover his talents, and when once
discovered, to lend to him every en-
couragement and opportunity to de-
velop that hidden gift at the parti-
cular grade level in which the child
finds himself at any particular pe-
riod of time as he moves through the
formal eduecational program,

To me this is highly important,
because today as never before, our
very existence as a nation depends
upon the successful training and de-
velopment of the abilities of our
young people in all areas of learn-
ing, and especially in the fields of
seience. Under our system of govern-
ment, with our concept of freedom
and liberty, the individual is free to
direct his talents any way he sees
fit and should be allowed to push
the horizon farther out in his partic-
ular specialization. To make such
opportunities possible places a heavy
responsibility upon the teachers in
our classrooms, from kindergarten
through high school, but they must
carry it if we are to give our best.

Today with various types of ideo-
logies competing in their efforts to
prove which is best, the free mind is
more important than ever before.
You and I as teachers, and you in
the field of science, must constantly
strive toward and always emphasize
this important principle. Tt is only
with the improvement and the utili-
zation of this basie philosophy that
we will be able to maintain what you
and I believe to be most important—
free people with free minds in a free

_ society.
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To make it clear why I place so
much importance on the above, we
can turn to the work-a-day world to
see how great our national need is
in the various fields of science. We
must continue to develop comstrue-
tively to meet those ever growing
needs.

(1) Tt is well known that the
field of nursing is in great need of
more skilled people if we are to look
carefully and methodically into the
curative field of human ailments.
Along with the need for nurses, we
are all very conscious of the fact that
our country needs more good doctors.
Unless we move conscientiously for-
ward in our training areas with the
knowledge of these shortages and
ntilize every opportunity to encour-
age and develop the potentials in our
youth, these needs will never be met.

You are well acquainted with the
high quality of academic preparation
which is needed in the fleld of medi-
cine. For instance, in our own Uni-
versity of Illinois College of Medi-
cine, for several years now, no pros-
pective doctor has been permitted to
enter unless his scholastic average
was at least 4. This means that you
and T have to shoulder a responsibil-
ity in pointing out to the student the
necessity of constant and earnest ap-
plication during his period of prep-
aration if he shows potentials and has
a desire to enter this specialized
field. While it is true that good doc-
tors may come from those who do not
meet this requirement, yet due to
lack of facilities to train, it becomes
necessary as a screening device to
select those with a high quality of
preparation. As a result of the stand-
ards which have been at least tem-
porarily adopted, seldom do they
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have failures because of lack of
ability.

(2) The same story can be told in
the area of physical sciences: engi-
neers are in great demand, and so are
capable physicists, research chemists,
research specialists in physiological
seiences.

These illustrations point out the
necessity and importance of our ef-
forts in helping the mnation to dis-
cover the young peoples’ potential
abilities and the use to which they
can be turned. This general respon-
sibility rests only in part on the
shoulders of the high school teachers
in the field of science. But the high
school science teachers have an op-
portunity which, to the best of my
knowledee and belief, has not been
utilized as it should be. I believe that
they have a responsibility of work-
ing with the teachers in the elemen-
tary schools in helping to develop
and to organize desirable material
which should be included in elemen-
tary sciemee courses. I think the
high school teachers of science would
render a great service to the youth
of this nation if from time to time
they could meet with the elementary
teachers interested in science and
point out to them some of the respon-
sibilities which they owe to the chil-
dren in addition to that of merely
instructing or feaching the materials
at hand. This kind of cooperation
and support would greatly strength-
en the elementary courses and en-
courage the teachers to render to
children an even greater service than
they are giving today. I believe that
when work of this type is done in the
elementary school, the child who en-
ters high school comes better pre-
pared and with a better aftitude than
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he would otherwise possess. T am not
sure just what has been done in this
particular area, but I believe it is
a challenge to the high school teach-
ers of science.

Of eourse, I recognize some of the
problems with which you will be
faced when approaching this prob-
lem as I have suggested. The ap-
proach ean come through an overall
study of currieulum work. Tt can
come in general teachers’ meetings,
If these meetings are democratically
developed as they should be today,
the subject could be planted in the
minds of the elementary teachers so
that the request would come from
them. This, to me, would be most
desirable for it has been my experi-
ence that when individuals suggest
problems for study, they approach
the problems with more enthusiasm,
and as a result, the outcomes are
more substantial, more applieable,
and so more useful than they other-
wise would be. We must remember
in handling this particular problem
that the formal training of the ele-
mentary teacher requires only a small
amount of preparation in the field of
science. This must be recognized
when offering help and suggestions
to them.

There 1is one other suggestion
which I feel that T should make be-
fore closing. I am certain that as
teachers, and more especially you as
teachers of science, are often ap-
proached by youngsters who have the
idea that all discoveries have been
made, all the frontiers have been
eliminated, and that there is no chal-
lenge for youth today. How very
wrong those youngsters are, words
fail to relate. Tn my judgment the
youth of today is faced with greater

opportunities and challenges than
youth of any previous generation.
Science and technology have opened
up new frontiers which to date have
only been glimpsed. Let me give one
illustration to make clear what I
mean. Recently it was my privilege
to talk with an internationally known
chemist. We discussed only one area
of knowledge in this vast field of
chemistry, the soy bean. This chem-
ist informed me that the number of
products which are now coming from
the soy bean and which have been
made possible by the industrial chem-
ists is small compared to what the
potentials are in that particular area.
He stated further that in his humble
scientific judgment there was no one
particular thing which human beings
need and desire which cannot,
through the field of chemical re-
search, be found in the soy bean. The
challenge is one of the greatest which
human beings have ever faced.

We can also turn to the area of
technology, the field of engineering,
and allied fields. The challenges are
as great and, yes, I think the area of
seience has more to offer in the way
of frontiers in this modern day than
any frontiers faced by generations
of the past. We might add, too, that
the field of medical research and ef-
forts to disecover treatments for the
relief from human suffering and pain
Is just opening up. We all know
that in the last few years large
amounts of money have been spent
and many people have been working
in the field of medical research in an
effort to find relief and curative treat-
ment for such diseases as polio, ean-
cer, and others. Yes, the place of
science in the high school program
must be balanced with the total pro-
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gram, but its importance cannot be
overemphasized because there is no
area of human interest, human wel-
fare, and human security which these
scientific areas do mnot touch and
modify. It seems to me that these
are challenges which you and I as
teachers must face and to which we

must apply all our abilities if
we are ever to give our high school
students the opportunities which I
have enumerated, as well as others
left unsaid. To the degree that we
succeed we shall make available the
great latent potentials of youth for
the future welfare of our nation.




