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A New Approach to In;ordisciplin@gz Seventh Grade Science

W. C. Van Deventer
Department of Biology
Western Michigan University

The Michigan Science Curriculum Committee Junior High School Project
is an attempt to develop a program for seventh grade interdisciplinary
science. It is based oh selected cross-cutting ideas, and attempts to
develop an understanding of these through open-ended laboratory experiences.
So far thirteen ideas have been utilized, and fifty-five laboratory
experiences directed toward these have been developed.

The investigators believe. that junior high school science, particu-
larly at its early levels, centering on seventh grade, constitutes a
crucial, pivotal area, lying between the generalized science taught in the
elementary grades, and specialized sciences of the secondary lev. It
furnishes a final opportunity to take a meaningful look at interdis. in-
ary saheice. This can best be done in terms of inquiry. The cu rent
failure of junior high school science to fulfill this vital, integrative
function constitutes a problem that is the basis for this project.

The present trend toward offering lower level versions cf single-field
science coursés in the junior high school complicates this proilem rather
than contributes to its solution. There is a definite place for a revital-
ized general scicuce approach. This general science, however, needs to be
planned in terms of problems, ideas, and understandings, rather than a
limited survey of conventioral science fields.

It is assumed in this investigation that students-at the junior high
level can and should begin to make meaningful contact-with some of the
ideas of science, and that these can best be taught through experiences
that will enable them to see science as process and inquiry, rather than
a body of facts to be learned.

The thirteen ideas have been selected on the following pasis:

1. They are believed to be amenable for use at the junior high
school level. _

2. They can be approached through simple, open-ended laboratory
experiences. :

3. Once made a part of students' thinking, they will be useful
at all later educational levels.

These ideas are grouped under two of the basic assumptions of
scientists in dealing with the natural world:

A. Scientists assume the universality of change.
1. Idea of dynamic equilibrium
2. Idea of change and variation
3. Idea of normal curves and warping factors
4. ldea of gradients
S. Ildea of extrapolation and interpolation
6. Idea of cycles and cyclic change
7. Idea of directional change in response to the challenge
I of the environment




B. Scientists think in terms of relationships rather than absolutes

1., Idea of measurement as an expression of relationship

3. Ildea of templates or transference of pattern

3. Idea of interdependence and interrelationshipk

4., Idea of the necessary interaction of heredity and environment

5. Idea of differential rates of processes in development

6. Idea of tools, machines, and outside sources of energy as
extensions of man's body and its capabilities

Fifty-five open-ended laboratory experiences have been developed, each direcied
toward one or more of the ideas. These experiences are simple, requiring
little in the way of laboratory facilities or equipment. They are designed
primarily to promote thinking on the part of the students.

The investigators have also developed a set of criteria for writing or evalu-
ating laboratory experiences, and suggested procedures for teachers wishing
to use the project materials. The materials have been tried out informally
or with semi-supervision in a number of schools.

The project now faces the problem of attempting to evaluate students' thinking 1
in relation to the ideas. The hypothesis presently being tested is that it |
is possible to determine more effectively the extent and quality of students’
thinking in relation to an idea through the questions they ask than through
the answers thay give to questions asked of them.

The suggested teaching procedure encourages students to ask questions directed
toward the ideas. These questions are asked orally prior to, during, and
following the carrying on of laboratory experiences directed toward each idea.
Questions are encouraged at four levels:

1. Those which can be answered readily from the experience at hand,
together wtih general background knowledge

2. Those which can be answered, but only after considerable investi-
gation and thinking

3. Those which probably cannot be answered by either student or
teacher

4. Those which cannot be answered at all with our present state of
knowledge, but which take students to the frontiers of research,

Finally, written questions at all of these leveis are collected from the
students. These are utilized to build testing instruments which ask stu-
dents to distinguish between those questions that are related to the idea
under consideration and those which are not so related. A more advanced
type of test is projected which will attempt to determine why students
make this distinction in the case of specific questions.

Those who are working with the project believe that they are striking at the
heart of the inquiry process. The need now is for an opportunity to carry
on these procedures under more careful supervision in the classroom.

The project materials may be obtained free by writing to:

Dr. W. C. Van Deventer
Director, MSCC-JHSP
Department of Blology
Western Michigan University
Kalamazoo, Michigan 49001
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Suggested Procedure for a Teacher w1shing to

Use MSCC~JHSP Materials

Choose one or more of the Ideas. If you are using the materials

for the firsc time it would probably be best to choose only one Idea,
then after successfully completing this one, choose another if you
with to go ahead with the matsrials.

Choose those laboratory experiences under the Idea that you have
selected which you feel are

a. within your own capabilities.
b, within the capabilities of your students,
¢. within the range of possible accomplishment, given your situation.

Make sure that you yourself understnnd the Idea as it is expressed
in the Idea-Bridge.

Communicate the Idea to your students in language that they can
understand, Thkis "trenslation” job is your responsibility., Further-
more, in doing it you will become hetter acquainted with the Idea
yourself, Rsmember that studonts with different levels of ability

may require different "translstions." The Idea can be "translated"

in aome intellectually honest fashion for students at any ability level.

Take a8 much as a whole period in discussing the Idea with your
students, Cive them an opportunity to ask questions freely con-
cerning it, and relating it to their past experiences.

Work out all of the laboratory experiences that you have chosen
which look toward the Idea, one aiter another. As you do so, hold
the Idea before the students by asking them leading, open-ended
questions of your own devizing which relate to the Idea, As far
a8 possible, these questions should be "how-why" questions, rather
than "what " questions or simple "how" questions. They should be
framed at four different levels:

a. Some which can be answered readily by the student from
general knowledge and the. experience at hand.

b, Some which can be answered only after some thought and
inveatigation,

c. Some which probably cannot be answered at all by either
student or teacher,

d. Some which cannot be answered by anyone with our present state
of knowledge, but which will show the students the frontier of the
advance of science.

Note: Questions of types (a) and (b) tend to overlap; likewise,
questions of types (c) and (d) necessarily do so.
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Spend up to a whole period with the students, after the lahoratory
experiences are all completed, again going over the Idea in their
language, and giving them an opportunity to ask questiona freely,
based on their laboratory experiences and pointing toward the ldea,

Ask the students each to write down gix questions, pointed toward

the Idea and based on their laboratory experiences, Three of these
questions may be answerable by "Yes" or "No," and three may not be so
answer8ble, (This is merely a device which we have found

helps to give a broader "spread" to the questions that are asked,)

From the students' written questions, prepare two lists:

a. Those questions that in your best judgment apply to the ldea or
point toward it.

b. Those questions that in your best judgment do not apply to the Idea
or point toward it,

Select 25 or 30 of the "best" questions from each list, and scramble
them into a two~choice objective test, Place at the beginning of the
test a brief but clear statement of the Idea, so that students can refer
to it while marking the test. Ask them to indicate which questions

of th? 50-60 listed apply to or puint toward the Idea and which do not,

We believe that students give a better indication of their thinking
in terms of an ldea by the questions that they ask than by any
answers that they might give to questions which we would ask them,

It should be noted that this is not a "True-False" test., Both types
of questisis may be equally valid as questions, though it is not
necesssry that they be answerable, Some of them will be answerable

and scme mzy well not be, The distinction which the students are asked
to maxs is made solely on the basis of whether or not the questions
apply to or point toward the Idea.

Tests of this type do not constitute an attempt to evaluate the method

of teaching in which they are used as compared to the conventional method
or any other method. They are designed to evaluate onlz student thinking
in relation to Ideas. Their use in no way precludes the use of
additional tests designed to svaluate extent of factual knowledge,
ability to solve problems, or any other objective,




S e T T R R TR T TR TR T TR PR T T R T R T

MICHIGAN SCIENCE CURRICULUM COMMITTEE JUNIOR HIGH SCHOOL PROJECT (MSCC-JHSP)

TestingﬁPrgEEam

The Michigan Science Curriculum Committee Junior High School Project
has developed thirteen cross-cutting Ideas and fifty-six open-ended labora-
tory experiences which are based on these Ideas, At the present time MSCC~-
JHSP is interested in setting up a testing program to determine the extent
to which students using these materials are attaining an understanding of
the Ideas toward which the laboratory experiences are directed,

MSCC-JHSP believes that tke questions students ask give a better
indication of the quantity and quality of their thinking than any answers
which they might give to questions that are asked of them. Therefore, a
procedure is being tried in which testing instruments are prepared from
questions that are asked by students in classes,

Would you or other members of your staff be interested in trying out
some ' the MSCC-JHSP materials, following the Project's Suggested Procedure,

and participating in the experimental testing program?

MSCC-JHSP is prepared to enter i.ctc the following arrangement with
those teachers who wish to take part in a cooperative program:

1, The cooperating teacher, after completing a series of
laboratory experiences directed toward one of the Ideas,
following the Suggested Procedure, will collect student
questicns and mail them to the Director of the Project.

2. The Director will process the questions into a test of the
type described in the Suggested Procedure, and will mail
the test to the teacher along with a master for grading,

3, The teacher may make any mcdifications in the test or the
master tkat he thinks necessary, prepare mimeograph or
dittoed stencils, and run off as many copies of the test
as he needs,.

4. After giving the test, the teacher will send to the Director:

a, a copy of the master and five copies of the test as he.has
given it, including any modifications that he has made
tn e ther,

b. the raw test scores from the class(es) in which he used
the test, and any analysis of these that he has made.

5. The Director will send the teacher any new materials that
may be produced by the Project, and the results of any
testing program that is developed.
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Directing Inquiry Toward Cross-Cutting Ideas in Science

Throggg the Use of Simple, Open-Ended Laboratory Experiences

Michigan Science Curriculum Committee
Lansing, Michigan

Teaching Unified Science in Terms of Cross-Cutting ldeas

The Michigan Science Curriculum Oommitteel, operating under the Michigan
State Department of Educationm, has been concerned with the development
and testing of curricular materials for use in the junior high school,
particularly in seventh grade. Junior high school science, especially at
its early levels, constitutes a crucial, pivotal area, lying between the
generalized science taught in the elementary grades, and the specialized
sciences of the high school years. It furnishes a final opportunity to
take a meaningful look at interdisciplinary gcience. The current failure
of junior high school science to fulfill this vital integrative function
constitutes the problem which is the basis for this project.

The present trend toward offering lower level versions of single-field
science courses in the junior high school complicates this problem rather
than contributes to its solution. There is a definite place for a revit-
alized general science approach. This general science, howsVer, needs

to be planned in terms of problems, ideas, and understandings, rather
than a limited factual survey of conventional science fields.

Renner (1963) says that 'student understanding of the work of a scientist
decreases as he progresses through the junior high school." It is
assumed in this project that students at the junior high level can and

should begin to make meaningfiul contact with some of the ideas of science,

and that these can best be taught through experiences which will enable
them to see science as a process of inquiry, rather than merely a bodv
of facts to be learned.

The Committee believes that it is possible to select ideas or under-
standings of a cross-cutting nature, important for two or more fields of
science, which can be introduced at the level of the junior high school,
and which will continue to be valid in progressively more sophisticated
fashion at each succeeding educational level. The junior high school
science program can then be built around a limited number of such ideas,
as many as can be dealt with adequately in the time available.

They believe, furthermore, that the experiences which will prove most
fruitful in developing ideas of this kind are those involving open~

ended lgboratory. For these, students should be given minimal directions,

mainly of a procedural nature. While carrying on these experiences
they should be guided by questions at various levels of difficulty, asked
either in connection with the written directions or by the teacher. They

lThis Committee consists of representatives of state universities, public
schools (administrators, science supervisors, and teachers at various
levels) and industry.
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a
should also be encouraged to raise questions at all levels, not all of
which need necessarily be answerable. All guestions, whether in the
directions or asked by teacher or students, should be pointed toward
the idea toward which the laboratory experience is dirc?tcd.

J
It is recognized that this approach inwolves a clear' departure from con-
ventional learning design. Subject matter is introduced as necessary
in connection with the laboratory experiences, and hecomes important
only in terms of the ideas or understandings to which it contributes.
This differs from subject matter-centered learning in which the acquisi-
tion of knowledge is an end in itself, and the laboratory experiences
are primarily illustrative. It differs also from the purely exploratory
tyPp of laboratory in which the activities are oonsidered worthwhile
as ends in themselves.

In the type of learning proposed here, the ideas to bs taught must be
made clear to the students, and kept before them while the study is

going on. In order that this may be done, it is necessary that a clear
statement of each idea be prepared and made available to the teacher.

It is ther the teacher's responsibility to translate the idea into stu-
dent language, and keep it before the students. In doing this the teacher
not only makes the idea intelligible to the students, but also makes it

a part of his own thinking.

The problem, therefore, has involved:

1. 8Selecting ideas or understanding that cut across two or more
fields of science, and that will be significant at all educational
lavels bsyond the point at which they are introduced.

3. Prsparing clear statements of these ideas.

3. B8electing open-éxded laboratory experiences that will contribute to
the ideas.

4. 8etting up outline directions for these experiences.

$. Using the experiences in the classroom, revising them if and
&8 NECesSSary.

6. Evaluating growth in student thinking as a result of the exper-
icnces, in terms of the ideas toward which they are directed.

Studies on the principles of science have constituted a major ares of
investigation in sciencs education since the publication of the Thirtx-
First Yearbook (1932). Blanchet (1957) listed tweanty-four studies which
Le considered outstanding, including a study by Smith (1951) of principles
desirable for a course in junior high school general science. He indi-
cated, however, that approximately twice this number had been carried
out at the time he published his summary. Van Deventer (1956) showed
that subject uatter principles, of the type identified by Blanchet and
others, rest on the facts of science, and in turn, furnish support for
ideas or undersiandings.of a broad nature which may belong to & single
field of science, or may cut across two or more fields. He called these
"area principles.” He also demonstrated (1955) that there are a limited
number of basic assumptions that are common to all science.
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The "ideas" which are uged in the present study are similar to the "area
principles” defined in Van Deventer's 1986 study, A close affinity to
these ideas is found in the nine "themes” on which the Biological Sciences
Curriculum Study (BSCS) is based. Similar icdzas or understandings can

‘»¢ identified in other major curriculum studies: the Physical Science
Study Committee (PSSC), the Chemical Bond Approach (CBA), the Elementary
Science Study (ES8), the Science Curriculum Improvement Study (8CI8),

and the School Science Curriculum Project (8SCP). BSome of the "brocesses"
of the Process Approach of the AAAS Comitission on Bcience Education also
exhibit a similar affinity.

The Michigan Science Curriculum Committee Junior High 8chool Project (MSCC-
JHSP) has developed thirteea units, including a total of 53 open-ended
laboratory experiences. Each unit is directed toward a specific cross-
cutting idea. The ideas are grouped under two of the basic assumptions

of scientists in dealing with the natural world (Van Deventer, op. cit.):

A. Scientists assume the universality of change:
1. Idea of dynamic equilibrium
2. Idea of change and variation
3. 1dea of normal curves and warping factors
4. Idea of gradients
8. Idea of extrapolation and interpolation
6. Ideax of cycles and cyclic change
7. 1dea of directional change in response to the challenge of the
environment

B, Scientists think in terms of relationships rather than absolutes:
1. Idea of measurement as an expression of relationship
2. Idea of templates or transference of pattern
3. Idea of interdependence and interrelationship
4. Idea of the necessary interaction of heredity and environment
5., Idea of differential rates of processes in development
6. Tdea of tools, machines, and outgide sources of energy as

extensions of man's body and its capabilities ’

It is not the thought of the investigators that these thirteen ideas are
the only ones available, or even necessarily the most worthwhile ones,

No attempt has been made to determine how many such ideas there are, and
no such study is contemplated. The intent of the Committee has been to
choose ideas which are amenable to the objectives of the study, and which
exhibit a meaningful relationship to one another.

Showalter (1964) describes an experimental program in unified science in
the Ohio State University School which is based on the teaching of ideas
or cnncepts of the same type as those used in the present study. Schultz
(1961) describes an experiment in which the ideas of community ecology
were taught successfully to second and sixth grade children. Atkin (1961)
describes the teaching of some of the concepts of modern astronomy to
elementary school children, The work of Karplus in the Science Curriculum
Improvement Study has involved taching some of the ideas of modern physics
at the early elementary level, Jerome Bruaer holds that "any subject
can be taught effectively in some intellectually honest form to any child
at any stage of development." The present study has proceeded on the
assumption that relatively sophisticated ideas of science can be taught

at the junior high school level, and earlier, if:
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(1) They can be communicated to students in language that they can
understand, and

(3) They can be related to experiences which are meaningful to
students.

/

Using Inquiry Procedures

All of the modern curriculum studies list as an objective the teaching
of science as inquiry. Open-ended laboratory is a part of inquiry but

by no means all of it. Science is not a set of facts to be learned,

nor even a list of problems to be solved. 1t is rather an attitude of
learning through inquiring. Sometimes problem- formulating is more impor-
tant for the process of inquiry than problem-solving.

The litorature in science education includes various uses and dofinitioans
of the term "inquity." Alfred Novak (1964) says, 'Inquiry is the total
corfiguration of behaviors involved in the struggle of human beings for
reasonable explanations of phenomena about which they are curious.'
Butherford (1964) distinguishes between "inquiry as content,” and "using

the mcthod of scientific inquiry to learn some science,” which he calls
"inquiry as technique.” He says, "If all that is intended by the inquiry
method is that we should encourage a student to be inquisitive, curious,
to ask questions, and to try to find answers for himself, then we are
advocating no more than what good teachers have long believed in and
practiced."

J. R. Suchmmn, in tellin; about the Illinois Project in Iaquiry Training
described inquiry as the "act of creating individual knowledge by gather-
ing and processing information.” Fish and Goldmark (1966) add that

"the process of inquiry which Suchman has structured is a process of
formulating theo r-ies and testing them through experimenting and data
gathering."

Neal (1961) in describing a study of techniques for developing scientific
inquiry in elemntary school children, says, ''The study indicated that
children's interest” in science were developed as a result <f the direct
approach of teaching the methods of scientific inquiry." Gagne (1963)
although he holds that true inquiry should pot be expected to take place
until about the third year of college, after a thorough grounding in the
processes and principles of science, defines inquiry as "a set of acti-
vities characterized by a problem-solving approach, in which each newly
encountered phenomenon becomes a challenge for thinking."

In connection with the Biological Sciences Curriculum Study, which lists
"Science as Inquiry" as one of the nine themes around which subject
matter and laboratory experiences are integrated, Schwab (1963) says,
“The essence of teaching science as inquiry would be to show some of the
conclusions of science in the framework of the way they arise and are
tested.” In relation to laboratory experiences, he says, "They are not
illustrative but investigatory. They treat problems for which the text
does not provede the answers. They create situations in which the stu-
dent may participate in the inquiry."
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Strasser (quoted by Fish and Goldmark, op. cit.), in prusenting his
view of inquiry, says that "the kinds of fuestions we use determine

the kinds of operxtions the children will perform. The questions we
use outline the kinds of thinking, obser }ng‘ and other hohavin;
responses of the learners for which we, sir teachers, search.’ He
suggests that we examine our teaching to ses if we ask students only
questions which demand recall, or only those which call for our answers,
Do we ask a variety of kinds of questions that stinulato 1'525‘2 of
bebaviors which may be identified as aspects of "sciencing'?

Since the laboratory experiences in the present study are open-ended,
they in themselves involve a kind of inquiry. The investigators believe,
however, that the heart of the inquiry process lies in the questions that
are ssked, They define inquiry as the a approach to an idea by students
and teacher through questions asked of each other at 't various levels of
difficulty, They believe that questions should be asked (and permitted)
at all levels:

1. Those which can be anawered readily from the experience and
materials at hand, together with general knowledge.

2. Those which can be answered, but only after considerable
investigation and thinking.

3. Those which cannot be answered by either students or teacher.

4. Those which probably cannot be answered at all with our present
state of knowledge.

The investigators believe that much of the conventional educational
process tends to stifle inquiry on the part of students rather than
nurture it, Much of the natural curiosity of children during the ele-
mentary years is destroyed through emphasis on specific knowledge given
in answer to questions, and consequently on the asking only of those
questions that can be answered., This is true both of the questions which
we ask students, and also of the questions which we allow them to ask us,

Emphasis on the retention of knowledge as an end in itself fosters this
limitation. Teachers ask students questions which hopefully they can
answer, and to which the teacher knows the answer. Questions that the
teacher cannot answer, and which perhaps no one can, do not generally
lead to approval when they are asked by students. Such questions are
viewed, at best, as being useless or leading nowhere, and at worst, as
an attempt on the part of students to lead the teacher astray from the
prescribed work of the course.

Yet it is these unanswered, and sometimes unanswerable questions which
form the heart of the inquiry process. It is at this point that the
teacher can say, ''I don't know tho answer, and I doubt if anyone else
does. We can look for the answer, collect evidence, and possibly make
a judgment as to what the answer might be, but we cannot be sure. This
is research!"
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Only by maintaining this questioning attitude as an approach to the
materials and experiences of science canstudents be led to develop .a
research attitude, and a feeling of being on the frontier of the advance
of knowledge.

The investigators believe that the laboratory experiences which have
been developed, simple in themselves, but constructed for open-ended
procedure and guided with questions pitched at the four levels indicated
above, constitute ideal vehicies for use by teachers and students in
carrying on inquiry with relation to the specific ideas toward which
they are directed.

The approach which is being used in this project, even though it involves
open-ended laboratory experiences, 1is only partially inductive. The
students must know where they are going. Before this can happen, the
teacher must have the idea-goal clearly in mund, and must keep it in
mind. The idea must be kept pbefore the students while the experiences
are in progress. Unless this is done, the laboratory experiences be-
come nothing more than interesting, gadgety activities of the type with
which the literature published at the junior high school and upper
elementary levels is already well-filled.

The student needs to learn at au early level that science does not have
all the answers, or at least has not yet learned them, and that the
process of learning them is still going on. Answers are generally

less important anyway than the process by which the student arrives

at them. He should be sccorded the privilege of arriving at a wrong
answer while seeking for a right one. Mistaken conclusions are more
easily corrected than faulty methods, and when a student is told the
right answer, or is able to look it up in a textbook, this is not really
science at all.

The laboratory experience outlines which have been prepared have been
kept Bimple. The investigators believe that laboratery experiences
gshould utilize as simple and easily obtalnable equipment as possible.
This is not because equipment and know-how for more complex experiences
are unavailable. In many cases the opposite is true. There is no
virtue in the use of elaborate equipment, however, as an end in itself.
1f a simple laboratory experience will lead to a significant idea as
well as a complex one, the simpler one should be used. The unders tand-
ing to be attained is the important goal, not the experience itself.
All laboratory experiences should be tested for value in terms of the
ideas that they produce.

Laboratory procedure should always involve the recording and interpreta-
tion of data, which, so far as possible, should be based on weighing,
measuring, counting, or some other type of quantitative determination.
Mathematical treatment, like the use of elaborate equipment, involves
the possidlity of becoming an end to be pursued for its own sake rather
than a means to an end.

A teacher's success in using the materials which have been prepared by
the project depends in large part on his own resourcefulness and orgin-
ality. The ideas toward which the experiences are pointed will not
teach themselves. They must be set forth and explained. Contributory
subject matter from textbooks and other sources must be supplied, and its
use encouraged. Feedback from the students must be sought for and
utilized constantly for improvement of teaching.




I1I.

Evaluation of Stucents' Thinking in Relation to ldeas

Smith (1963), in reviewirgeducational research related to science instruc-
tion for the elementary and junior high schools, noted the relative
scarcity of evaluation studies at these levels, and indicated that inade-
quate research in the area of evaluation constitutes-a major problem

in elementary and junior high school science at the present tiwe, This
lack is particularly apparent in connection with the wodern curriculum

study projects.

Hurd and Rowe (1964), reviewing recent research in science teaching in
the secondary school, reported several studies showing that, insofar

as the courses based on the modern curriculum studies are directed to-
ward goals different from those of conventional courses, situdent achieve~
ment in them can be measured adequately only by using instruments designed
specifically for them. Cooley and Klopfer (1363) pointed out the neces-
sity of including the selection or development of testing instruments
for measuring the specific objectives of new approaches in any research
on the results obtained from using these apprg aches. Trump (1964) said
that the use of conventional standardized tests and teacher-made tests
often fails to differentiate meaningfully between new and conventional
educational procedures.

Atkin (1963) discussed some of the problems of evaluation which arise
in connection with the development of new curriculum materials. He
stated that new approaches to learning, and the materials and activities
appropriate for teaching them, must first be identified, then tried out
in classroom situations. Informal evaluation of the new approaches and
materials must be carried on continually by those using them, in terms
of the behavior of students in relation to them. Only when this has
been done can adequate evaluation instruments be coanstructed and used
effectively. These instruments may well need to be based on new and
broader concepts of evaluation than those which generally have been
utilized in classical educational research.

In the present study, the investigators have followed the procedure that
Atkin outlined. Materials have been developed which it is believed will
contribute to the objectives of the project. These have been tried out
in the classroom. On the basis of the results which have been obtained,
& theory of evaluation has been tentatively put forward, and preliminary
testing instruments have been constructed and tried.

Cooley and Klopfer (op. cit.) make the following statement: "In construc-
ing a new test, the specification of the student outcomes to be measured

is by far the most difficult task., This is especially true if the desired
outcomes are other than the recall or application of subject matter con-
tent. However, if the innovation work is properly conducted, the develop-
ment of new instruments is not so difficult as it might seem. The original
statements of desired student behaviors can be used as the basis for
writing test items also."

The investigators are not concerned at this point with measuring the
acquisition or retention of factual knowledge, although they recognize
its importance, and there are informal indications that learning in
this area is considerable. They are concerned with finding a way to
determine the extent and quality of the students' thinking in relation
to the cross-cutting ideas toward which the laboratory experiences are




directed. 3~:! believe that the questions which students 325 give a
better indication of their thinking than any answers which thcl_-iigt
give to questions that are asked ot them,

A teacher using the MSCC-JHSP materials is asked to select an idea which
can be fitted into the particular science course that he is teaching,

then to choose laboratory experiences directed toward this idea which

are within his own capabilities, within his students' oppabilities, and
within the limits of possible accomplishment, given his teaching situation.

The teacher must now be certain that he understands the idea himself,
Each of the ideas is explained in an extended statement called an "Idea-
Bridge." This is & device for comsunicating to the teacher the meaning
of the idea which the investigators intended. When the teacher has
made the idea a part of his own thinking, he must communicate it to the
students in language that they can understand.

The laboratory experiences are then worked out by the students, with the
teacher holding the idea before them while this is being done. During

this time, inquiry is taking place in the form of questions at all levels, |
asked of each other by students and teacher.

When class consideration of the idea, and laboratory experience with it,
are completed, each student is asked to write down a limited number of
questions (usually three to six), which, in his judgment, are related to
the idea, and based on the laboratory experiences. From the students'
written questions, the teacher then prepares two lists: (1) those ques-
tions which in his judgment apply to the idea or point toward it, and
(2) those which do not do so.

Twenty-five to thirty questions are chosen from each list. All of these
are valid questions, but they are as clearly differentiated as possible
on the basis of their relationship or lack of relationship to the idea.
These fifty to sixty questions are then scrambled into an objective test,
offering the student two choices: the question does or does not point
toward the idea. A brief, but clear statement of f the idea is placed at
the beginning of the test, and students are asked to refer to this, and
evaluate each question in terms of it.

It should be noted that this is not a "true-false' test. Questions of
both types are equally valid as questions, though it is not necessary

that they be answerable. Some @ of them will be answerable and some may
well not be. The distinction which the students are asked to make is

made soliely on the basis of whether or not the questions apply to or

point toward the idea.

Tests of this type do not constitute an attempt to evaluate the method of
teaching in which they are used, as compared to the onventional method
or any other method. They are designed to evaluate only student think-
ing in relation to ideas. Their use in no way precludes the use of addi-
tional tests designed to evaluate extent of factual learning, ability
to selve problems, or any other objective.




It is anticipated that later tests will be so constructed that the
student will be asked to make a further choice of answers to indicate
why he considers that a particular question is or is not related to

the idea. Still other possibilities of giving added dimensions to the
tests, with further probing of student thinking, may well become apparent
as the study progresses.

The investigators plan also to look for possible correlations of the
results of these tests: (1) with one another, to see if student behavior
with relation to a series of tests of the same type is consistent; (2)
with standard intelligence tests, to see if what we are measuring is
related to general ability; and (3) with tests for subject matter reten-
tion, problem solving ability, interest in science, and any other measur-
able characteristics ooncerned with science.

Use of the Materials

The investigators do not consider that they have, at the present time,

a package course in junior high school general science. They do not
have any intention of developing their work in this direction. They
have, instead, what they believe to be a new way of teaching science at
the general level. They believe that this can be used, in whole or in
part, with any curriculum plan, so long as the subject matter included
in the plan can be matched up with one or more of the ideas included

in the project materials. The ideas and their related laboratory exper-
iences are being used in this way in the schools where they are being
tried. Teachers who are using them report favorably on the degree of
freedom which this kind of use makes possible. They find this especially
true in comparison with the ''package'’ courses offered by many other
curriculum studies.

Although some of the materials of the project have been used successfully
in sixth grade, and some in eighth, they have been used most extensively
and most successfully in seventh grade, the level for which they have
been primarily designed. All of the outlines for the laboratory exper-
iences have been edited for reading level by an experienced seventh grade
teacher, who has been one of the investigators from the beginning of

the project. The Idea-Bridges have not been so edited, since they are
written for the teacher, whose job it is to present the idea to the
students in language that they can understand. Other materials of the
project: Criteria for Writing or Evaluating Laboratory Experiences,
Suggested Procedure for Teachers Wish__g to Use MSCC-JHSP Materials, and
Directing Inquiry Toward Cross-Cutting Ideas in Science Through Simple,
Open-Ended Laboratorx Expgriences, are also directed teward the teacher.
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Criteria for Writing Laboratory Experiences

A. I1deally laboratory experiences should!

1. be open-ended, Students should not be able to find answers
by reading only, although the information so found should be
helpful, and may well suggest possible answers, More than
one correct or acceptable answer may well be possible,

2. look toward a specific idea or understanding., This idea should
be either clearly stated or readily apparent. Unless laboratory
experiences can be so directed, they are probsbly a waste of time.

3. give as few directions as possible except for necessary
procedural ones., As far as possible, the information
necessary for the experience should be derived from the
experience itself. Only in this way can the "research
approack" be made real to the student. |

4, mainly ask questions, including: |

a. some which can be answered readily from the experiences 5
at hand, together with general knowledge.

b. some which can be answered only after considerable
investigation and thinking.

¢, some which cannot be answered with certainty by either
‘) student or teacher,

d. some which probably cannot be answered by anyone with our
present state of knowledge, but which will show the student
the frontier of the advance of science,

Answers are generally less important than the process by which
the student arrives at them, The student should be accorded the privilege
of arriving at a wrong answer while seeking for a right one., Mistaken
conclusions are more easily corrected than faulty methods, and when a
student is told the right answer or is able to look it up in a textbook,
the entire purpose of laboratory work as a problem formulating and problem
solving operation has been byp-ased,

B. To be effective, laboratory experiences must be:

1., within the capabilities of the teacher
2. within the capabilities of the students, and

3. within the limits of possible accomplishmient, given the
laboratory or field situation,

, They should utilize as simple, easily obtainable and inexpensive
‘ equipment as possible. There is no virtue in the use of elaborate

R equipment as an end in itself, If a simple laboratory experience will
) lead to a significant idea as readily as a complex one, the simpler
t - one should be used. All laboratory experiences should be tested for
value against the ideas which they will produce.
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Laboratory procedure should always involve the recording and
interpretation of data, which, so far as possible, should be based
on weighing, measuring, counting, or other type of quantitative
determination, Mathematical treatment, however, should be kept as
simple as possible, Simple percentages aad graphs often tell a more
effective story than expressions of complei mathematical relation-
ships, Mathematical treatment, like elaborate equipment, involves
the possibility of becoming an end to be pursued for its own sake
rather than a means to an end.




The material included in the Michigan Science Curriculum Committee
Junior High School Project (MSCC-JHSP) consists of fifty-five open-

ended laboratory experiences, each of which is directed toward one or

more of thirteen interdisciplinary ideas. These ideas are grouped under
two of the basic assumptions which scientists make in dealing with the

natural world=:

Basic Assumption A: Scilentists expect nature to be dynamic rather

than static, and to show variation and change.

Basic Assumption B: Scientists think of the world, and of the
phenomena in it, as consisting of sets of relationships rather
than absolutes.

*Van Deventer, W. C., ''The Teaching of Basic Premises as an Approach to
Science in General Education.' Science Education 39:389-398, December
195S5.




A. Scientists assume the universality of change:

l., Idea of dynamic equilikrium

2. Idea of change and variation

3. Idea of normal curves and warping factors
4. Idea of gradients

S. idea of extrapolation and interpolation

6. Idea of cycles and cyclic change

7. Idea of directional change in response to
- . the challenge of the environment
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Idea of Dynamic Equilibrium

Idea-Bridge: "Thinking About Dynamic Equilibrium--Nothing Really
Stands Still"

Laboratory Experiences:

b.

C.

"Internal Bquilibrium: Maintenance of Weight in Humans"

"Equilibrium in the Landscape: Erosion, Drainage Patterns,
and Valley Formation'

"Chemical Indicators: A Simple Case of Equilibrium"
"Measurement as an Expression of Relationship: A Simple Balance"

"A Study of Interrelationships: The Balanced Aquarium and the
Pond Infusion Culture"

"Theories of the Origin of the Universe: Two Approaches to
Dynamic Equilibrium"




Thinking About Dynamic Equilibrium: Nothing Really Stands 8till

When we think of equilibrium we usually think of a balance, in which the
forces or processes that are operating against one another are exactly
equal, so that no change occurs. There are many examples of such situa-
tions, but they are generally the result of a series of adjustments, of
"coming to balance", Most of them do not remain constant for very long
at a time, None of them are permanent, not even those that appear to
remain unchanged for long periods,

We live in a world of unending change. The factors of the environment
that surround any condition of tempcrary balance are usually so inconstant
that the state of balance, insofar as it is ever reached at all, is con-
tinually being disturbed., There is a constant state of coming to
balance”, This is what we mean by "dynamic equilibrium',

There are many commonh examples of dynamic equilibrium: 1,) a laboratory
balance where the indicator has finally come to rest at the zero point,
then is disturbed by every passing vibration and has to come to rest
again; 2,) a climax forest developing on an abandoned field after long years
of growth and ecological succession, then vurying around a state of
equilibrium with the changing conditions of the seasons, of wet and dry
summers, of mild and cold winters, and other environmental fluctuations;
3.) a living organism maintaining a state of internal equilibrium
(homeostasis) as a result of the interacting

forces of build-up (anabolism) and breakdown (catabolism) in the
internal environment; 4.) the features of the earth's surface and the
bodies in the universe where processes of adjustment and the conditions
resulting from their operation take place more slowly and are longer
lasting, On a short term or a long term basis, all of the natural
world exhibits equilibrium which is dynamic rather than static,

How many other examples of dynamic equilibrium can you think of?
Students should read about processes in the natural world (living and
physical) and find as many examples as possible,
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Internal !ggilibriun: Maintenance of "l!?t in Humans

Introduction:

Modern people are very conscious of weight, This is true especially of
adults, but children also may be overweight or underweight. Weight is

a factor not only of health but also of personal appearance, A condition
of overweight or underweight may be either an indication or a cause ot
ill health.

What is called "normal weight” is really sverage weight for persons of a
particular age, height, and sex, If enough persons belonging to a par-
ticular age-height-sex group were measured, and the measurements were
plotted in the form of & frequency distribution on a graph, the result
would be a normal curve. The mode of this curve, which would alsc be the
mean of the sample, would be the normal weight, Some deviation is allowed,
forming a range of normalcy on either side of the mean,

Growing children, of course, are slowly increasing in weight throughout
their period of development, although the rate of increase is not constant,
Throughout mature adulthood, while there are slow changes with increasing
age, a balance is normally maintained. With the onset of old age, these
changes may become somewhat more extensive. In periods of ill health,
rapid changes in weight, either loss or gain, may indicate serious inter-
nal maladjustment or illness.

We may think of the period of growth in early life as being the time
during which the building-up processes (anabolism) operate in excess of
the tearing-down processes (catabolism)., During healthy adulthood, the
anabolic and catabolic processes are essentially in equilibrium, and a
balance (homeostasis) is maintained, In old age, the catabolic processes
generally outweigh the anabolic processes. This may or may not be
reflected in body weight,

When people diet to lose weight, they reduce their intake of energy-
producing foods (carbohydrates and fats) and their total food intake
below the amount necessary to maintain the body. Some of the body's
stored fat (representing weight that has accumulated) is then oxidized
to make up the difference, Thus weight is lost, until ultimately it
is allowed to stabilize at the desired level, It is then maintained
at this level through carefully controlling food intake at the point
of maintenance.

Materials and quipment:

Bathroom scales

Graph paper




Procedure:

1. Record the weight of one or more adnlts, and ons or more children,
taken at the saume time euch day, over & period of at least three
months., Plot the daily weight on sheets of graph paper which can be
fastened together end-to-end to make a continuous story.

3. Try to find un adult who is attempting to lose weight by dieting, and
record this person's daily weight for the same period, and in the same
way.

3. 1f a number of individuals or tesms in the class are carrying on this
lsboratory experience at the same time, pool the results of all of
them, Get as many weight records of adults and children, dieters
and non-dieters, as possible. Compare thenm,

4. To what extent is homeostasis maintained? In adults? In children?
in wen? In women? In boys? In girls? Ir disters? 1n non-dieters?
To what extent does fluctuation occur? Are the dieters able to lose
weight consistently? Toc what extent? Is there any evidence of pro-
gressive slow increase in weight in the children? If so, to what
extent is the rate of increase constant?

e ke

5. To what extent is there evidence in your study of equilibrium between
anabolic and catabolic processes? What are the anabolic and catabolic
processes that are involved? Does heavier eating on holidays and
weekends make a #ifference? Does this difference appear in the records
of all individuals or only in some? Why? Are any rhythms apparent?
Are they similar or comparable in all individuals? Why or why not?

Further Considerations:

Find out all you can about current trends in the sales of diet foods,
non-caloric sweeteners, calorie-frse soft drinks, animal and vegetable
fats (butter and margarine, lard and cooking oils). How are these
related to current popular fears of the relationship of overweight to i
heart disease and other health dangers? '

Weight is one indicator of homeostasis or equilibrium of body functions,
Can you think of others?




!guilibriun'lg‘zgg Landsc ¢ ZXrosion, Draina!o Patterns
wid Valley Formation

Introduction:

Through the operation of unbelievably slow processes in geological time,
layers of sediment that have been deposited in aballow seas are raiged
up to form new mountains, At what rate does this take place? Then
through correspundingly slow pProcosses, thess mountains are worn down to
& level or peneplain. How can you tell new mountains trom old ones?
What are some examples of each in our present-day world?

Although these geological processes procsed very slowly, such that only
their long-term effects can be observed st any one period of the earth's
history, it is possible to observe small~-scule, man-mnde models of the
Process of gradation going on around us a1l the time, Evsryone has
observed eroded fields and roadsides. Small, temporary streams behave |
exactly like larger creeks and rivers, and the valleys that are cut by |

such small, temporary streams g0 through the same developmental stages
&S larger valleys.

We can learn a great deal about the history of the landscape by observing
an eroded field or a pile of dirt after a heavy rain.

Materials and Equipment:

( j Piies of dirt, usually observable around construction projects,
at various stages of age and erosion,

Eroded areas along a newly constructed highway and/or in 3 field.

A relief model or map of North America.

Travel through the country with an observant eye,

Procedure:

1. Observe a freshly-made pile of dirt &t a construction project immediately
after a heavy rain. Note the stream channels down its sides. What i=s

k the shape of the channels in cross-section? Why? Note the sediment

that has been doposited on the surface of the ground at the mouth of

each stream channel, What is the shape of the deposit? Why is it

called an alluvial fan? What is the character of the particles of

dirt that make up the deposit? Compare them with the original pile

from which they came., Are there any differences? What are these

differences? Why? Does the kind of scil make any difference? What
and why?

2. Observe the same or a gimilar pile of dirt after it has been eroded
by many rains, Compare the extent, shape, and general gppearance of
the stream channels in this pile with those made by a heavy rain in
freshly-piled dirt. What differences do you see? Why? Make a
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similar comparison of the deposits at the mouths of the stream channels
on its sides. What differences are there? Why?

3. 1f possible, observe the effects of erosion on a very old pile of dirt.
Make the same comparisons as bhefore.

4. Observe the results of erosion along the right-of-way of a freshly-
constructed highway, and/or on a hillside in a field. Compare what you
se6 there with what you chserved on the piles of dirt. Make comparisons
similar to those which you have made before. Can you determine the age
of the erosion in a field or a road cut by a study of the stream
channels and alluvial fans? Is there any evidence in the case of the
field that some of the erosion is more recent, and some older? What
is the evidence?

5. Study a relief model or a relief map of North America. What do you see
that can be related to what you observed on the dirt piles, along the
highway, or in the field? What would you say about the age of the
ranges of mountains on the map? Why?

6. What is the history of a stream valley as it grows older? How can you
tell the relative age of a valley? Have you ever observed young valleys
as you traveled through the country? Where? Old valleys? Where?
What is a peneplain? Are there any peneplains in North America? If so,
where? How do we know that they are peneplains? How old are they, ¢ ‘.
) geologically? What is the relationship of a peneplain to the
attainment of equilibrium on the earth's surface?

7. What can you say about the attainment of equilibrium in the case of a
dirt pile? Of a road cut, or an abandoned field? What would
correspond to a peneplain in the case of a dirt pile? Try to find a dirt
pile that is approaching this point. 1Is equilibrium ever really
reached in the case of a dirt pile? A road cut? A field? A mountain
range? Why or why not? 1Is there such a thing as a landscape in
a state of equilibrium,

Fruther Considerations:

Contrast man-made erosion with geological erosion. How are they the same
or similar? How are they different? Man can destroy a field or area
through the erosion which results from his activities. How long does this
take, relative to the time required for geological erosion to occur? Such
an eroded field or area is restored to something approximating its original
condition through the natural processes of ecological succession. What is
this process? How long does this take? Can man also take measures to
restore the field or area? How? How long does this take relative to the
time required for the natural process?

How is soil formed under natural conditions? Study the soil layers in a
road cut or on the side of a freshly dug ditch. Identify the A-layer,
B-layer and C-layer. You can find these if the surface has not been
disturbed perviously. What are they? How are they related to one another?
How are they related to the distribution of soil nutrients? How are they
related to soil destruction through erosion, and to soil restoration?
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What are "oxbows" and "oxbow lakes” in terms of the age and history of
streams? How are they formed? In what kind of landschpe would you look
for them? Why? What are "canyons' in terms of the age and history of
streams? How are they formed? In what kind of landscape would you look
for them? Why?

How are mountains made? How long does it take? What constitutes the
geological cycle of erosion?




_ Introduction:
)

Chemical Indicators: A Simple Case of Equilibrium

Chemists recognize two large classes of compounds called acids and bases.
These are soluble in water, and a particular solution may be acidic or
alkaline (basic). When an acid and a base are allowed to react chemically,
the result is a compound belonging to a third class, called a salt and
water. Common table salt is one kind of salt. It can be formed by allowing
sodium hydroxide, (NaOH), a base, to react with hydrochloric acid (HCl):

There are many kinds of acids, bases, and salts. A common household acid is
vinegar, and a common household base is ammonia,

Some pigments, when in water solution, are very sensitive to acids and bases,
and react to them by changes of color. One of these is the purplish or bluish
pigment found in "red" cabbage. It turns pink or red when an acid is added,
and blue or green when a base is added.

Since the materials and equipment‘necessary for experimenting with this pig-
ment are easily obtainable, you can learn something about acids and bases
by working with it in the laboratory.

Materials and Equipment:

NaOH + HCl —====% NaCl (common salt) + HOH (or Hzo) (water)

Procedure:

"Red" Cabbage

Household ammonia

Vinegar

A small, smooth board

A Gem razor blade

Four small fruit juice glasses

A shot glass, or other small clear glass container
A small tea strainer

A small pan, and a source of heat for heating water
A teaspoon measure ‘

Two medicine droppers

1.

Remove two or three leaves from the outside of a head of red cabbage.
Select the thinnest portions of the leaves, and cut them up as finely as
possible by placing them on a board and cutting them into little bits

with a razor blade. If you can mash them or macerate them, this is better.

Place the cut-up material in one of the fruit Jjuice glasses. Heat a small
quantity of water to boiling, and carefully pour enough water over the
cabbage material to cover it. The less water you use the better. Let

the mixture stand for a few minutes, stirring it frequently. -What
happens? Allow all of the purple (or blue) pigment to go into solution
in the water that will do so. (Note: The pigment can be extracted with
cold water but more of it will go into solution if the water is hot.)

Pour the colored solution into a second fruit juice glass. Pour it thxough
a fmall tea strainer to hold back the solid cabbage material.

Pour a small quantity of ammonia into a third fruit juice glass, and a
small quantity of vinegar into a fourth glass.
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5. Put two teaspoonfuls of the colored solution into a shot glass or-other
small clear glass container. With a medicine dropper add vinegar, drop
by drop to the solution. What happens? Stir the solution as you add
the acid., When there is no further color change, add ammonia, drop by
drop, using the second medicine dropper. What happens? ¥hy the second
medicine dropper? Again, stir as you add, until there is no further
color change. :

6. Is it possible, now, to reverse the color change by adding acid? Try
it and see. If you succeed in reversing it, add ammonia and try to change
it back the other way. ioes it change again? How many times can you
change the color back and forth? If you ¢ome ultimately to a point where
a reversal is no longer possible, why do you think this bhas occursed?

7. Now replicate the experiment, beginning with a new sample of colored
cabbage pigment solution. Are the results the same as before?

8. Explain what you have observed in terms of equilibrium. What do you
think was the original condition of the colored pigment solution? Neutral?
Acid? Alkaline? Why? 4

Further Experimentation:

For this, you will need some additional equipment and materials:

A test tube rack

9 small test tubes

A tablespoon measure
Litmus paper

A third medicine dropper

Put a tablespoonful of water in each of nine test tubes in a test tube rack..
Beginning at the left, add vinegar with a medicine dropper to the first four
tubes as follows: (use the same dropper that you used with the vinegar before)

No. 1 20 drops 'No. 3 10 drops
No. 2 15 drops No. 4 5 drops

Do not add anything to the water in the test tube No. 5. Continuing, then,
from left to right, add ammonia to the remaining four tubes as follows:
(Use the same dropper that you used with the ammonia before)

No. 6 5 drops No. 8 15 drops
No. 7 10 drops No. 9 20 drops

Now you have a gradient of dilutions ranging from left to right from very
acid, through neutral, to very alkaline.

Litmus paper contains a pigment which, like that in the red cabkage, changes
color, becoming red with acid, blue with alkaline. Test your gradient of
acidity and alkalinity with litmus paper. Note color changes. Are they
reversible in the case of the paper?

Using a third medicine dropper, add a few drops of the cabbage pigment solution
to each of the test tube dilutions. Note all color changes, botih kind
and degree. Do you obtain a gradient of colors? Why?

What would you say as to the relative sensitivity of 1litmusAyour cabbage pig-
ment solution? Are both equally sensitive? A number of pigments change color
similarly with acidity and alkalinity. Such pigments are called indicators.
What practical use do they have. What is meant by pH?




Measurement a8 an Expression of Repationship:
: A Simple Balance

Introduction:

We are so accustomed to using units of measurment, inches, feet, yards,
pounds, quarts, gallons, or millimeters, centimeters, meters, grams,
kilograms and liters, that we tend to think of these units as things that
have an existence of their own, They are a part of our thinking, just as
words for physical objects are. We also tend to think of them as "tools,"

s a means to the end of quantitative expression. They certainly fulfil

this function, but they are actually more than this. They are expressions
of relationship between two quantities, one of which is stated in stand-
ardized terms. This is the idea of measurement which underlies the making
and use of measurements.

Actually units of measurement are man-made, with an arbitrarily set value,

A foot was the length of the foot of an English king. A yard was the length
of the arm of another king. The British and American gallons are not the
same. The height of horses was formerly measured in units called "hands".
An old English unit of weight was called a 'stone."

The metric systen was worked out logically at the time of the French
Revolution., The meter was set as one ten-millionth part of the distance
from the equator to the north pole of the earth.* All other quantitative
measurements were based on it, worked out in multiples of ten. The only
reason that we use "tens,' however, is that we have ten fingers. The
Ancient Babylonians used "twelves," and the Mayas "twenties" (ten fingers
and ten toes.) Modern electronic calculators use a numbering sustem based
on "twos", since only two alternatives are possible in any particular case.

It is possible to set up a system of measurement of your own, To do so will
help you to think of measurement as a standardized but artificially-

based expression of a set of relationships., When you have done this you
can translate your system into standard units.

Materials and ggnipment:

Yardstick (new, clean, and as free of knots or grain as possible)
Triangular file

Frozen fruit juice cans, with tops remcved

Soft wire

BB shot

Pennins

String

Set of gram weights

Support for suspension of balance

*Because of difficulties in getting an accurate measurement of this
geographic distance, the metric system is now based by international
agreement on the length of the waves of light produced by 2 particular
type of atom of the gas krypton, when those atoms are heated.
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Procedure:

1. Using the file, make a notch across the top of the yardstick at
its exact midpoint, The notch should be deep enough to hold the string.
Using a piece of string about six inches long, tie it around the stick with
the knot lying in the notch, leaving the two ends of even length, Tie the
ends of the string together, and hang the stick from the support., Does it
balance, or is ous end higher than the other?

2. With the file, make shallow notches across the top of the stick
at each quarter-inch mark, from the midpoint to the end of each side. Be
careful to make the notches straight across the top of the stick, as uniform
in depth as possible, and each one exactly on the quarter-inch mark,

Suspend the stick again, Is it as well balanced as before? 1f it isn't,
what do you think has happened?

3, Punch a =nall hole on each side of two fruit juice cans, Just
beneath the rim at the top of the can., Cut two pieces of wire of equal
length., Pass a piece of wire through the holes in each can, Tie the ends
together in such a way that the can may be suspended from the stick, and
moved along from one notch to another,

4, Suspend the cans from the last notch at each end of the stick,
Do they balance? Reverse them, Do they work as well, regardless of the
end from which they are suspended? Either the stick or the cans or both
may not be completely balanced, Select one can for the right side and one
for the left side, and mark them, so that you can use them this way from this
point on, Add BBs to the can on the side that hangs highest, to bring it
intc balance. Write down the number of BBz used, and leave them in the can,
They constitute the necessary correction factor at this point,

5. Add 50 BBs to each can, Are they still in balance? Is the
correction factor still valid? 1I1f not, can you suggest a reason why? Test
your hypothesis, if you can think of a way of doing so. In any case, adjust
your correction factor, if necessary, by adding or subtracting one or more
BBs, and proceed, Be sure to keep a record of what you have done,

. 6. Move both of the cans containing the BBs toward the center, one
quarter-inch at a time. Bring them as close together as you are able without
the cans touching. Are additional corrections necessary as you proceed?

Add or subtract BBs as necessary, keeping a record of the number of" BBs

and the points where any changes are made. If adjustments are necessary,

can you suggest a reason why? Test your hypothesis if you can devise a

way of doing so,

7. Remove all BBs from the cans, and balance the cans at a point
three inches (12 quarter nnches) from the mid-point. Add BBs to serve as
a correction factor to the extent necessary, Is the correction factor at
this point, using the empty cans, what you would have predicted it to be?
If not, can you suggest a reason shy? Test your hypothesis if you can,
In any case, proceed, using the necessary correction facter,
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8, Place a perny in the left-hand can, Add BBs to the right-hang
can to balance the penny, How many BBs does it require? Add a second
penny on the left-hand side, and move the right-hand can out from the
center one quarter-inch, Add BBs as necessary to achieve a balance,
Record the data, Continue to add pennies one at a time, woving the
right hand can out from the center one quarter-inch with the addition
of each penny, and adding BBs each time as necessary to achieve a balance,
Continue to record the data.

9. You are now weighing the peanies, using "quarter-inches” and
"sractions of quarter-inches' as weight units, The farctions are
expressed in terms of BBs, Thus a penny may weigh Yone quarter-inch
and two BBs.” 1Is the weight of each additional penny the same, as you
move from near the center toward the right end of the stick? I1f there
are differences, are they consistent as you move along? 1s there a
trend? Determine the aversge, Try to account for what you find, Test
your hypothesis 1f you can think of a way to do so, Try beginning
farther from the center, Do the ages and relative wear of the pennies
make any difference? Think of other ideas to test,

10, Now determine the value of a "quarter-inch” in terms of BBs,
Start with empty cans at the twelfth notch (three inches) from the center
on each side, Balance the cans again, using whatever correction factor
is necessary, Put 350 BBs in each can to start, Move the right-hand
can out one quarter-inch at a time, and add BBs to the left-hand can as
necessary to maintain a balance, Record the number of BBs added to
balance each additional quarter-inch the right~-hand can is moved,

Is the number the same each time? Is there a trend? Determine the
aversge., Are your resulis consistent with those that you obtained
with the pennies? If not, suggest a possible explanation, Test your
hypothesis if you can devise a way of doing so., It might be a good
idea at this point to replicate the entire experience, using new
materials throughout, to see if the results are the same or comparable,

Further Considerations:

Both equal arm and unequal arm balances can be used to weigh quantities,
Ordinary laboratory balances are equal arm balances. Unequal arm balances
were formerly in use on farms and elsewhere for wei,hing sacks of grain,
and other quantities, They were called 'steelyards,"

What would you say as to the margin of error in your balance, Work out
the equivalence of the quarter-inch unit on your balance in grams,

Number the notches on each end of the stick. Start with the first

notch at each side of the center notch as "1", and number toward each
end, Weigh various objects with your balence, Check the accuracy of

the figures obtained by weighing the same objects on a laboratory balance.
Explain the operation of your balance in terms of a lever,

How does a spring type scale work? Which do you think would be more
likely to develop inaccuracies, a spring type scale or a balance type?
Why?
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What are the relationships between weight, mass and density? What is
wmeant by specific gravity? What standard is used for expressing it?
How is it possible to calculate the weight of the earth? On what
basis iz the statenett made that the moon has a lower density than the
earth? What determines the force of gravity? Why would a man weigh
less on the moon's surface than on the earth? What about Mars?




A Btud! of Interrelationships: The Balanced Aquarium
and the Pond Infusion Cul ture

Introduction:

The ideal way to study plant-animal communities is to go on a
field trip to see them. It is not always possible, however, to do
this. Time, distance and facilities may not permit it. The following
set of experiences may therefore be used as a substitute. They may
also be used to supplement a field trip to a pond or lake.

A balanced aquarium is a miniature pond in the laboratory. The
succession of forms of microscopic life in a pond infusion culture
leads ultimately to a small balanced community which is comperable
to a balanced aquarium. A study of a balanced aquarium and a pond
infusion succession will help to develop an understanding of the
interrelationships involved in the larger communities of living
nature: ponds, lakes and forests, and the processes of succession
through which these pass in developing a relatively stable (dynamically
balanced) condition,

In setting up these experiences, you can proceed on your own,
but you must be careful. 8Slip-shod procedures, or failure to follow
directions may result in failure of the aquarium to come to balance,
or failure of the infusion culture to go through a normal succession.
Exact results in any case are impossible to predict. The development
of the culture, however, should follow a2 predictable general pattern.
Failure of the culture to do so, or variations from the pattern, will
furnish interesting opportunities to suggest hypotheses as to possible
causes, and may constitute the basis for further experimentation,

Balanced aquaria may be set up on ar individual basis. Infusion
cultures lend themselves to group activity, but at least siX different
cultures should be set up by teams of students in the class in order
to make possible a study of variations in their behavior.

Materials and Equipment:

Gallon and quart size glass jars

Compound microscopes

Medicine droppers

S8lides and cover slips

References for identification of aquatic organisms

Procedure:

Constructing a Balanced Aquarium

Obtain a jar or other clean glass container of at least one-gallon
capacity, which has an opening large enough that you can get your hand
into 1it.




Get some river or lake shore sand as free of dirt and debris as
possible. Wash it thoroughly through several changes of water. Place
sand in the bottom of the container to a depth of two inches. Fill
the container with water to a level such that when you put your hand to
the bottom the water will not overflow. Allow the sand to settle
until the water becomes reasonably clear.

Put a number of aquatic plants into the aquarium. Collact them
from a pond or a quiet pool in a stre®m or purchase them at an aguarium
or pet store. You may use more than one kind of plant, some floating
(duckweed) , some rooted in the sand with the main plant body submerged
in water (eel grass or elodea), and some rooted but having floating
leaves. Why would it be unwise to get plants from an actively flowing
stream? What advantage might there be in obtaining your plants from
an .aquarium store? Why? Watch size relations. Do not put large
plants into a small container.

Put a few aquatic snimals into the aquarium. Why "a few'?
Snails are the best animals for this size container. Larger animals
would be difficult to support in so small an aquarium. Why? Most
snails are herbivores (plant eaters) and are more likely to find an
adequate food supply here. Do not include tadpoles, because these,
as adult frogs, live outside of water. Do not include aquatic insects
or fish. Many of them are carnivores (animal eaters) and probably
would not have enough food and exygen for very long. To support
carnivores, a balanced agquarium would have to be much larger and con-
tain many more plants and small herbivores. How much larger do you
think it would have to be? Why? If you have been successful in
building your aquarium, it will become balanced at the "snail level”,

Cover the jar with its own 1lid or glass cover, or with Saran
wrap, to minimize water loss through evaporation. Allow your aquarium
to stand for at least two weeks. If, at the end of two weeks, the
water is clear, if it smells 'fresh," and if the plants appear healthy
and the animals are alive, the aquarium is approximating a balance.
The longer it continues in this condition, the more probable is the
balance.

Your balanced aquarium will maintain itself successfully in any
window during the winter months. An east or north window is best for
a year-round location because the aquarium is more stable in a place
where it receives plenty of strong indirect light, and only a small
amount of direct sunlight, In summer, west and south windows are
too hot for an aguarium.

Although daily and seasonal light and temperature changes in the
classroom are not as extreme as they are out-of-doors, such changes do
occur. You can watch the changes that take place in your aquarium as
the seasons change.

List the different kirds of plants and animals that have become
established in your aquarium. What is the relationship of each life
form to the aquatic community of which it is a part? What are the
sources of oxygen, carbon dioxide and mineral salts for food-making
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and respiration? What about the activity of colorless plants? What
evidence do you see for their activity?

The final result of your balanced aguarium experience is an
aquatic micro-community which should remain relatively unchanged
over a long period of time, if the conditions of its environment
are not changed. The only way ayailable for use to judge the
achievement of this balance is by observing its continued success.
Chemical analysis might be possible, but not at the level at which we
are opsrating. Nevertheless, the judgment of a biological result on
the basis of a kind of biological test or essay is a method widely
used, What other examples of it can you think of?

Sottiqg_gng Pond Infusion Culture

Fill a quart jar about 3/4 full with plant material from the
edge of a pond, including some of the floating and submerged green
vegetation and some of the dead vegetation from the pond bottom.
Be careful rot to include mud. Fill the jar to a point near the top
with water taken from the area vhere it has been stirred up. In doing
this you will hava secured a representative sample of the microscopic
aquatic organisms in this environment.

A sample secured in this way will contain a maximum variety of
microscopic forms. Not all of them will appear, however, on immediate
microscopic examination. Therefore, the jar should be allowed to stand
for twenty-four hours, By this time the czganisms will have oriented
themselves to the changed situation, and a more accurate survey can
be made.

A pond infusion culture consists simply of a jar of material
obtained in this way, and allowed to undergo the natural changes which
occur over a period of days or weeks as a result of the changed
environmental conditions to which it is exposed in the laboratory,

When kept in the laboratory, the culture should be placed in
a window, but not allowed to stand in direct sunlight, It should be
moved as little as possible. Ths same side of the jar should be kept
exposed to the light from the window. Why should the culture be
maintained in this way? In what ways does the laboratory environment
differ from the pond environment? What physical factors of the environ-
ment are'changed when the material is brought into the laboratory, and
to what extent? What biological factors are changed, and to what
extent? Predict possible effects that these changes may have on the
1living organisms brought in from the pond, and then try to determine
the validity of your predictions during the period of your observation
of the developing culture.

Succession in the Culture Jar Community

In securing samples from the culture jar for study under the
microscope, fill a medicine dropper as you scrape the end of it up
and down through the top film of the water against the glass on the
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) side of the jar nearest the window. By this means you should secure a
sample of the organisms in approximately the top one~fourth inch of the
water. What environmental factors are you taking into consideration
when you take a sample in this way? How do these operate in the plant-
animal community?

In addition to any Other considerations involved in taking samples
in this way, there is the advantage afforded by uniformity. Samples
which are taken in the same way each time the culture is studied make
possible a comparision of resulta. Additional samples may be taken
from other parts of the culture, using different methods of sawpling,
but these also should be uniformly obtained. Such samples may be
compared with the ones taken as indicated above. In every case at
least three samples should be studied from any locality in any par-
ticular jar on each occasion. Why?

In identifying the organisms observed, the following standard and
easily obtainable reference books are helpful: ]

1. Eddy, Samuel, and Hodson, A. C., Taxonomic Keys to the Common
Animal of the North Central States. Burgess Publishing
Company,, Minnaapolis, Minnesota, 1958,

2. Needham, James G. and Needham, Paul R., A Guide to the Study
of Freshwater Biology. Holden-Day, Inc., San Francisco,
() California, 1962.

3. Jahn, T. L., How to Know the Protozoa. William C. Brown and
Company, Dubuque, Iowa, 1949,

4, Ward, H. B., and Whipple, G. C., Freshwater Biology. John Wiley
and Stns, New York, 1918, (Second Edition, W. T. Edmondson,
editor, 19359.)

Since common plankton forms are generally world-wide in their
distribution, any good reference book on microscopic aquatic organisms
will be useful. Any reference book used, however, should contain
pictures or sketches of the common organisms for ready identification,
Keys are necessary for detailed identification, but for the type of
recognition involved here, time is not available for such identification,
nor is it necessary, It is better to leave an occasional animal uniden-
tified than to '"lose sight of the forest in studying the trees’. The
goal of the experience is to understand the interrelationships which
exist in the community, not to identify a large number of organisms,

Ask your teacher to verify the identification of the organisms
that you have seen., Your teacher may then draw rough sketches of
these organisms on the blackboard, emphasizing such readily observable
characteristics as body shape, size, and outstanding features of
appearance, Sketches of this type will enable others to recognize
the organisms if they see them. It is well if these sketches can
remain on the board during the progress of the study, being supplemented
with additional ones as new organisms are discovered. Usually all of
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the more common organisms in the culture are identified during the first
few periods of observation. Remember that all organisms which appear

at any time during the development of the culture must necessarily be
derived from those which were present at the begimning. Nothing new is
introduced.

If you wish to do so, you may avoid all identification of genera
and species of the microscopic animals and plants by simply placing
the organisms that you observe in a few major groups: (1) flagellate
protosos (2) ciliated protozoa, (3) rhizopod protozos, (4) microcrustacea,
(3) miscellaneous arthropocs, (6) worms, (7) single-celled and colonial
green algae, (8) filamentous green algae (9) diatoms (10) blue-green
algae, and (11) bacteria, This procedure has certain advantages from
the standpoint of summarizing results, and it is very easy to carry
out.

The culture may well be examined daily during the first week or
even two weeks. If it is desirable to carry on other class activities
during this time, however, examination on alternate days will be
sufficient. The changes during the first two weeks are rapid and
interesting. After the first two weeks, examination once a week or
aven less ofter will be enough to detect the slow changes which are
occurring. After six weeks, a single examination at the close of the
semester or the school year will serve for comparison with the
balanced aquarium. If old culture jars are available, containing
maturs cultures from previous years, these also may be studied and
used for purposes of comparison,

Work out a means of quantifying your data. This may be done
by combining the results of the entire class at the close of each
period. Use the sketches on the bcard in helping to determine class
totals. Exact counts are not necassary. It is usually sufficient to
state results in terms cf rough categories such as, ''very abundant
"abundant", "many", "few'", and "rare'. Quantiffication of this kind
serves as a useful summary of the work of each period, and helps to
present to the class a picture of the changing scene of the culture
as the succession progresses,

In general, the predominant organisms in the culture during
the first few days are those which are common in plankton samples
taken directly from the pond: microcrustacea, green algae, diatons,
blue~green algae, aquatic annelids, insect larvae, other micrometazoa,
and protozoa in small numbers. After a few days, the green forms,
the microscopic metazoa and some of the kinds of protozoa become fewer
in number and disappear. Processes of decay set in, bacteria multiply
and are seen in large masses, and the ciliate protozoa (paramecium
and others) that feed on bacteria bscome abundant. This stage may
last for several weeks. Then, as decay runs its course, the bacteria
and bacteria-feeders diminish; the green and blue-green algae become
abundant again; such microscopic metazoa as have lived through the
period of decay are again seen in small numbers; and the culture
slowly attains a balance. Ultimately it becomes a minjature balanced
aquarium, balanced at the microscopic level. :
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At this point, a comparison with the gallon jar balanced aquarium
which was constructed at the beginning of the study should be made,
How are they similar? How do they differ? Why? Why was it possible
to construct the larger balanced aquarium without its haviag to pass
through the succession stages which took place in the case of the
culture jar? How are both of the balanced aquaria similar to the plant-
animal community of & pond, lake or the ocean? How axe they different?

Further Inveatiggtions:

What are the implications of the pond infusion culture~balanced
agquarium study for understanding some of the methods of purification
of city water supplies? For some of the methods of treastent of
sewage? Visit a city water plant and a city sewage disposal plant if
possible, and see these processes in operation.

What are the implications of the study for a possible part-
solution of the problem of a food supply for the world's future dense
population in the form of "farming the rivers, lakes and oceans for
food? What are the implications for maintaining a food supply in a
space ship traveling vast distances over long periods of time? What
kinds of research are now being done nn both of these problems?

What kinds of controlled or semi-controlled experiments could be
set up to study further the problems raised by the pond infusion
culture? Set some of these up and try them,




Theories of the Origin of the Universe: Two Approaches
to Dynamic EBquilibrium

Introduction:

Scientists make certain basic assumptions in connection with their work
and thinking., These assuptions serve to define the way they look at
the natural world, how they behave towvard it, and how they expect it to
behave,

One of these basic assumptions is that of uniformity or uniformitarianism,

Scientists assume that the natural world is the result of forces and

processes which operated in the past, are operating at present, and will 1
|
1
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continue to operate in the predictable future. This holds true in the making
of an erosion pattern of hills and valleys, the growth and decay of a

forest, the appearance and extinction of a species, or ths birth and

death of a star, Scientist think that no event is uanique; anything which has
occurred can occur again given tha same set of circumstances. All

natural laws assume consistency and repeatability as opposed to

catastrophes that happen only once,

Another of the basic assumptions of science is that of continuous dis- ‘
covery. Scientists hope to go on learning more and more about the
natural world until eventually all may be understcod. They recognize
that it may never be possible to realize the goal ¢f complete knowledge,
but their way of looking at the world demands that they continue trying
to do so. 1f they do less than this, if they permit any authority to say,
"You must not investigate this problem," or "You must not ask this
question," they violate the meaning of science. Scientists seek for
objective truth, and they must ask all possible questions when these
questions concern the natural world,

Two of the problems which scientists have to face about the natural
world are those concerning the physico-chemical origin of life and the
origin of the physical universe,

Theories of the Or;gin of the Universe:

Until the middle 1920's theories of origin were concerned largely with
the origin of the solar system, the sun and its family of plannts.
Scientists did not know enough about the universe as a whole to be aware
of its nature and extent or to attempt to determine its origin,

In the middie 1920's, however, Edwin P, Hubble discovered that our star
group or galaxy, in which our sun is only one of possibly 100 billion
stars, is one of millions of more or less similar galaxies scattered
throughout known space, Furthermore, he discovered that all of these
galaxies are moving away from one another at constantly increasing
velocities; the farther away they are, the greater the velocity., Read
about the use of the spectroscope to determine this movement of the
galaxies, What is the Doppler shift? Presumably the velocity continues
to increase with increasing distance until it reaches the velocity of
light, 186,000 miles a second., According to Einstein's Theory of
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Relativity, this is the greatest velocity which it is possible to attain,
Certainly we could not see the light from a galaxy traveling away from
us at this velocity, since the velocity of the light coming from it
toward us would be exactly canceled out by the velocity of the source

of the light moving away from us,

Hubble's discovery made it necessary for scientists to widen their problem
from the nature and origin of the solar system to the origin of the universe
as a whole, On the basis of what we know at the present time, there are
basically two possible explanations, but we do not yet have suffieient ,
evidence to enable us to accept either of them to the exclusion of the other,

1, If the theory of universal expansion means only that the galaxies
are getting farther apart, it should be possible to project the
process backward to a point in time at which our present universe
began with a kind of explosion of a relatively small, extremely
dense mass, Presumably, this contained all of the matter which
now makes up all of the galaxies, stars and other bodies in the
universe,

This explanation implies a kind of "beginning"”, and also some
kind of "end", At least we can look forward to a situation

in which the velocities of receding galaxies all attain the
speed of light, end therefore the light which they radiate

is no longer visible to an observer located in any one of them,

2. On the other hand, if universal expansion is only a property of
space itself which carries the galaxies along with it, space has
no real "center,”" The expansion appears to be taking place in
all directions from any point in space where the observer may be
located, This is comparable to the fact that, when you are
inflating a toy balloon, all points on its surface are moving
away from any particular designated point, (Why don’t you
try this out?)

Since matter in the form of galaxies may be assumed to be
constantly "diaappearing” as the galaxies attain the speed

of light and "wink out” in the ultimate distance, it may

also be assumed that new matter is constantly "eppesring"
somewhere in space while it is expanding, Since hydrogen is
the simplest chemical element, and therefore the most basic
form of matter, ii. is assumed that this is the form in which
new matter appears, Hydrogen is the most abundant element

in the universe (slightly over 50 per cent), It would appear
that the new hydrogen might be synthesized into more complex
chemical elements, then into cosmic dust and ultimately into
new stars and galaxies which would "flow outward” with increasing
velocity toward ultimate extinction,

This explanation imples that the universe we see constitutes
a kind of continually "flowing fountain" of galaxies and stars,
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Each of these possible explanations has come to form the basis of one or
more theories of the origin of the universe, Fortunately for readers who
are not astronomers, both points of view have been championed by scientists
who are able to write in easily readable, non-technical style, and their
writings have been published in popular paperback books,

The first explanation has given rise to what has sometimes been called the
"Big Bang" Theory, or as a more dignified title, the Evolutionary Theory.
(This should not be confused with the Theory of Organic Evolution in the
living world,) The Evolutionary Theory of the origin of the universe has
been set forth particularly by Dr, George Gamow of George Washington
University,

The second possibility has given rise to the Continucus Creation or
Steady State Theory of origin, Its principal proponent for the general
reader has been Professor Fred Hoyle of Cambridge University. Both

men have done an excellent job of explaitiyg their points of view, and
giving evidence to support what they believe,

A variant or extension has been proposed for the Evolutionary Theory, It

constitutes an attempt to face the twin problems of "What was there before
the 'big bang?' and "What will be the ultimate fate of the universe?" The
basic scientific assumption of uniformity which was set forth above in the
Introduction makes it necessary to face these questions. What is this so?

This variant is called the Oscillating Universe Theory. This theory has
been championed by Dr. Ernst J, Opik of Armagh, Northern Ireland, It
assumes a periodic expansion and contraction of the universe, like the
alternate stretching and releasing of a rubber band, Expansion continues
to an ultimate point, and then a corresponding contraction sets in,

This continues until a point of ultimate density is reached, and a new
expansion takes place with the formation of another set of galaxies
containing new stars, and possibly planets like our own, How does this
satisfy the avmands of uniformitarianism?

Equipment and Materials:

Popular paperback books dealing with the nature and origin of the
universe

An open mind with some imagination, and a desire to understand
Procedure:
1. Read "Introduction,” pp., XI-XIII, and "Conclusion," pp. 134-136, in The

Creation of the Universe, by George Gamow, A Mentor Book, the New
American Library* Mi234, 1952,

2. Read Chapter 6, "The Expanding Universe,' pp. 93-115, in The Nature of
the Universe, by Fred Hoyle, A Signet Science Library Book, the New
American Library P2331, 1960,

*The New American Library of World Literature, Inc,, 501 Madison Avenue, i
New York 22, New York.
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3. Read Chapter 1, "The Universe, Geometry, and Relativity," pp. 11-46,
) Chapter 2, "The Expansion of the Universe,” pp. 47-78, Chapter 6, "The
Evolutionary Theory," pp. 131-160, Chapter 7, "The Theory of Continuous
Creation," pp. 161-180, and Chapter 8, "Discussion of the Tneories,”
pp. 181-208, in Modern Theories of the Universe, by James A, Coleman,
A Signet Science Library Book, the New American Library P2370, 1963.

4. Read "The Expanding Universe: Its Origin and Fate,” pp. 114-124, in
The Oscillating Universe, by Ernst J, Opik, A Mentor Book, the New
Xmerican Library D289, 1960,

S. Read in all four books any additional material which you find helpful
and interesting, Try to understand it as best you can, (Everyone finds
some of this material difficult to understand, so do not be discouraged. )

6. Consult any additional references that you wish, The following paper—
backs are suggested for additional reading:

a. Frontiers of Astronomy, by Fred Hoyle, A Signet Science Library Book,
the New American Library T2309, 16ul,

b. The Birth and Death of the Sun, by George Gamow, A Mentor Book, the
New American Library MD120, 1932,

c. The Unity of the Universe, by D, W. Sciama, A Doubleday Anchor Book,
Doubleday and Company, Inc,, A347, Garden City, New York, 1961.

7. Check the backfiles of Time and other news magazines (in the Science
Section) for pertinent articles on the theories of the origin of the
universe,

How does the fact of the expanding universe (Hubble's discovery) present a
problem from the standpoint of equilibrium in the universe? Why is it
necessary for us to think of the universe as being ultimately in a state

of equilibrium? How does each of the theories attempt to deal with the
problem in such a way as to present a picture of equilibrium? Does each

of the theories do an equally good job of presenting a picture of equilibrium
in the universe? Why or why not?

How does each of the theories measure up in terms of the basic scientific
assumption of uniformity? Do they measure up equally well? Why or why not?
How is uniformity related to the idea of equilibrium?

'Further Considera:ions:

What is entropy? Why bas it been called "the running down of the
universe?" How does it appear to be related to the continuous expansion

of the universe? How does it appear to be related to the one-way flow of
time? How does the one-way flow of time appear to be related to the
expansion of the universe? What wauld appear to happen to time in the case
of a pulsating universe? What would appear to happen to entropy? Would

‘ ) this seem to present a barrier to acceptance of the pulsating theory?
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Science fiction stories are written about time travel as well as space
travel, What do you think about the possibility of time travel as compared
to that of space travel? Why?

Under the Theory of Relativity, matter and energy are basically equivalent,
Matter can be changed into energy, and energy into matter. The energy
released in the explosion of a nuclear bomb (A-bomb or H-bomb) comes from
the conversion of a very small amount of matter into energy. Conversely,
in a cyclotron, a very small amount of matter is "created” by converting
energy into matter. How is this related to the ideas involved in each of
the theories of the origin of the universe which have been presented? 1Is
it related to both, or to only one? 1f only one, which one? Why?

Also under the Theory of Relativity, as the velocity of an object

approsches the velocity of light, its mass approaches infinity, and time

for it approaches zero. Also the object which is moving becomes flattened
in the direction of travel, As the velocity of light is approached, this
dimension of the object also approaches zero. No one, not even the
mathematicians who arrived at this theory, can imagine this condition of
infinite mass, zero time, and two-dimensional volume. No object has ever
been observed to travel this fast, Assuming, however, that they are correct,
how are they related to the ideas involved in each of the theories? Are
they related to both, or to only one? 1f only one, which one? Why?

All life on earth is dependent on energy from the sun which is fixed into
organic material (carbohydrates, proteins and fats) by the process of
photosynthesis, After passing through a series of organisms, the stored
energy is dissipated into the environment, (Green plants are eaten by
herbivorous animals, which are eaten by carnivorous animals, and finally,
gll waste materials and dead bodies are broken down by the action of
colorless plants which act as decomposers.) If it were not for the con-
tinual input of fresh cnergy from solar radiation, all 1life on earth would
cease. Energy use is a one-way street. This ultimate dissipation of
energy is true also of the energy which we use in carrying on various
physical processes, How is this related to entropy?

In terms of the theories of origin which have been presented, is this
"one-way" aspect true of the entire matter-energy picture in the universe?
Or is there an ultimate equilibrium if the picture is considered in
sufficiently broad terms® 1Is the answer to the above question gqually
applicable to each of the theories or only to one? If Jsnly one, which
one? Why?
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Ydea of Change and Variation

Idea-Bridge: "Thinking About Change and Variation"

Laboratory Experiences:

a. "Looking for Exsmples of Patternless Change"

b. "Normal Curves and Warping Pactors"

c. "Relationships Among Different Kinds of Change: Daily, Monthly,
and Annual Temperatures' '

d. 'The Emergence of Patterns"
e. "Decomposition of Materials™




Thinking About Change and Variation

It has been said that nothing is changeless but change. Certainly we live

in a dynamic rather than a static world and universe, Perhaps we have

become so accustomed to change that we do not notice it. Nevertheless,

if we think about, even a little, we see that there appear to be at least
* two kinds of change: patternless and patterned,

We watch cumulus clouds on a summer day. If we pay close attention to
them, we see that they are never the same for any two successive moments.
Furthermore, we connot predict the details of their appearance at any
particular moment from knowing how they looked the previous moment. Their
movement appears patternless. This is true, however, only of the details
of their movement. When regarded in large, over an entire day or even an
hour, their movements can be seen as a pattern., This pattern can be
related to other patterns: of wind movement, and of temperature, atmos-
pheric pressure, and moisture content. \

Let us consider another example. Looked at in terms of individual days

at any season of the year, temperatures taken at a specific time each day

appear patternless., Looked at in a larger sense, day-to-day changes do

form patterns. Any number of additional examples could be cited. It seems

possible, then, that our two kinds of change, patternless and patterned,

are related. If we look at details, change may. appear patternless, but if
[ ) we consider a larger perspective, patterns become apparent.
Variation in nature is related to change., It is a form of change in which
the results persist. Patterning factors operate upon a field of variation
to transform a basically patternless expression into observable patterns.
The world is a world of variation, but the variations generally are found
to be patterned when we study them, '

It is the job of science to discover and describe patterns in nature and
predict their operation. Natural laws are descriptions of patterns which
operate cunsistently. There ars many kinds of patterns in nature because
there are many kinds of factors that operate to produce patterns, Scien-
tists try not only to discover and describe the patterns which exist, but
also to determine the factors which produce them and how they operate.

)




Looking for Examples of Patteraless Change

Introductiont

What would the world be like if no one could predict what was going to
happen next? To what extent are we able to predict what is going to
happen? Why? On what basis do we do it? \hat kind of situations do
we find in which we cannot predict? Why?

In this laboratory experience you will have an opportunity to observe an
example of change which does not appear to "make sense.” What do we mean
by "making sense"? See if you can make sense out of what you see.

Materials and Equipment:

Compound microscope

S8lides

Cover slips

Pipette

Cake of yeast (Red Star or Fleischman's)
Chalk dust

Procedure:

1. Place a piece of yeast no larger than the head of a pin in a drop of
water on a glass slide. Tease it out so that the yeast becomes finely
subdivided in the water. Place a cover slip on top of the drop.

2. Examine the preparation under the highest power of the microscops.
Note the yeast cells. You will see that they are of different sizes,
Are yeast cells capable of independent movement? Look at them closely.
Do any of them exhibit any kind of motion? Describe the motion. Is
the amount of motion related to the sizes of the cella?

3. Place a drop of water on a second slide. Put some chalk dust in the
water, Cover with a cover s8lip.

4. Examine under the highest power of the microscope. Look for movement
among the particles of chalk dust. Do you see any motion? 1Is it
related to the sizes of the particles?

§. Try to explain what you have seen in both %ne yeast and the chalk, 1Is
the movement which you have seen related to life? Why or why not?
What causes it?

6. This is called Brownian movement., How would you describe it? What
causes it? Observe it again, closely, both in the yeast cells and in
the chalk dust particles, Look at a single moving cell or particle.
Can you predict the direction of any of its movements by knowing its
previous movements? Do its .ovements constitute patterned or pattern-
less change? 1Is the change directional; is it "getting anywhere''? 1s
it cyclic? If the various movements were measured and placed on &
graph, would they form a normal curve?
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7. Look up the story of Roburt Brown, the 18th century scientist who
first observed this movement, How did he study it? What is the
Kinetic~Moleculsar Theory? Was it known in Brown's time?

Further Considerations:

A

Study other examples of change and variation as you have studied the move-
ment of minute particles. What about the movement of the wisps of vapor
that make up cumulus clouds in the summer sky? Watch a cloud closely.

Is the movement of the vapor patternless or patterned? What about the
points of impact of raindrops on a flat surface? Is the distribution
patternless or patterned? Can you think of any other examples of this
kind in nature? 1Is the kind of change or variation which we have

examined in this experience ever related to patterned change or variation?
How do you think it might be related? How can you explain the evaporation
of water in terms of the movement of molecules?




Normal Curves and Warping Factors

Introduction:

This laboratory experience bears somewhat the game kind of relationship
to the process ol scientific investigation and the generalizations that
result from it (hypotheses, conclusions, natural laws) that bridge-playing
bears to real-life competition in business or politics, and that chess-
playing bears to military tactics and war. What is this relationship?

Materials and Equipment:

Procedure:

‘hypothesis. Test as before. Does the age of the penny have anything

. interesting, or as long as time will allow. Do not worry if you do

|

Pennies

Masking tape

Graph paper

Toss a single penny not less than 100 times. Record the number of times
it falls heads and tails, Are the numbers equal? If so, why? If not,
why? Formulate a hypothesis to explain your results. Devise an experi-
ment or set of experiments to test your hypothesis. Compare your results
with this penny to the results of similar experiments with other pennies.
Are the results the same? If so, why? If not, why? Formulate a

to do with it? If so, why? If not, why? Try tossing a nickel. Does
the kind of coin you use affect the result? What else might affect the
result? Investigate some of these possibilities.

Continue your hypothesis-forming and testing as long as you find it

not come to any definite conclusions, or if the conclusions you arrive

at on the basis of your own experience differ from those of others. The
conclusions that you reach are less importaat than the procedure by which
you reach them. You are actually not carrying your experiments far
enough in any case to justify drawing well-established conclusions, Why?

What does a scientist mean by sampling? How is this related to what you
have been doing? How well can you predict a final result after 20 tosses?
50 tosses? 100 tosses? 1,000 tosses? How large a population of boys

or girls would you need to consider in order to make a well-founded
generalization concerning them?

What is a hypothesis? What is a natural law? What is inductive thinking?
Deductive thinking? “here have you used each type of thinking? What is
an experiment? How is it related to an ovservation? To what extent is
science experimental? To what extent observational? What is a controlled
experiment? How does it differ from an uncontrolled experiment? From

an cbservation?
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Now take an even number of pennies (6-10), and toss them together, counting
the total number of tails that show each time, Do this as many times as
possible, up to 100. Record your results for each toss in such a way that
the data for your total number of tosses forms a curve:

X
xXxx
Number XXXXX
of Tails: XXXXXXX
' 0123456

Transfer your results to a piece of graph paper. How closely have your
results approximated a normal curve? Why? Any deviation from a normal
curve is called a skewed curve, and is due to the operation of a warping
factor. What are warping factors? ]s a warping factor at work here?

If so, what do you think it might be?

Calculate the total number of single-penny tosses involved in your result.
Did heads or tails predominate in your mass result? Does this outcome
support or contradict the conclusions you reached in working with single
pennies? In case the two conclusions do not agree, which do you think
would be the more valid? Why?

Put a thickness of masking tape on the head side of a penny. Be careful
that the tape does not extend onto the edge of the penny. You have now

introduced a possible additional warping factor into your penny tossing.
Why did you need to be careful not to get tape on the edge of the penny?

Toss the penny at least 100 times as you did before. Record the number
of times it falls heads and tails, Have you succeeded in warping the
heads-tails ratio by attaching the tape to the head side? If so, to
what extent? Now try adding a second layer of tape. Repeat the tosses.
Is the ratio changed? Add a third thickness and try it again. Add a
fourth and repeat. Is there any evidence of a progressively increased
degree of warping? 1If so, is the change consistent?

Put a predetermined amount of tape on each of six pennies and toss them
together as you did with untaped pennies, counting the total number of

tails that show each time. Do this as many times as possible, up to

100. Record your data in such a way that your results form a curve.
Transfer your results to a piece of graph paper. Does the warping
factor which you have introduced show up in the form of a warped or
skewed curve? Compare this curve with the one obtained from tossing
six untaped pennies., 1Is there a difference?

Can you arrive at any sort of generalization concerning'your results
in tossing single pennies and six pennies without tape and with tape?

Further Considerations:

When examples of variation with regard to a particular characteristic
'in a semple population are quantified, and their frequency is pecorded
on a graph, the result may be a normal curve. In such cases we say that,
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with regard to the characteristic being studied, the individuals making
up the population vary around a norm, How does this differ from a
patternless distribution? Wwhat factor or factors produce the pattern?
Are these warping factors operating upon & patternless distribution?

What kinds of phenomena in biological and physical nature are describable
in terms of a normal curve type of distribution? Can you think of some
of these that you might survey, or investigate in the laboratory? What
about height and weight in adult men and women? In boys and girls of

the same age? Any others?

See if you can think of warping factors at work in biological or physical
nature. Can you survey the operation of some of these, or try them out
in the laboratory? What about degree of cloudiness in relation to tem-
perature in a particular month? What about sex in relation to variations
in height of men and women? Any others? -

What is the relationship of normal curves and warped curves to the general
phenomenon of patterns existing in nature? What kinds of patterns are
there other than these two? What kinds of factors cause patterns? What
is the relationship of patterns in nature to hypotheses? To natural laws?
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Relationships Among Different Kinds of Change: Daily, Monthly,
and Annual Temperatures

Introduction:

Some examples of change appear to be patternless, with the individual
elements of change showing no apparent relationship to one another,
Other examples appear to be progressive, moving in a specific direction.
Still others show cyclic patterns, repeating themselves over snd over
again, after longer or shorter periods. 18 there any relationship
between directional and cyclic change? How are these patterned forms
of change related to apparently patternless change? In this laboratory
experience you will have an opportunity to study one example of the
relationship of these different kinds of change to one another.

You are familiar with the fact that the month of January is colder than the
month of April, and that the temperature taken at the same time each day in
either January or April varies in relation to that of the days preceding
and following it. You are also familiar with the fact of seasonal change:
the progress of cooling, then warming of the seasons from fall, through
winter, into spring, and finally summer, These phenomena can be measured,
and the recording of the data show an interesting relationship between
apparently patternless, directional, and cyclic change.

Materials and.gggipment:

Thermometer (either Fahrenheit or Centigrade)
Graph paper
Ruler

Procedure:

1. Every day, from the first of October to the first of May, at the same
time each day, read the outdoor temperature in a place not exposed to
direct sunlight. Record the temperatures of the days of each month
on a graph:

Degrees of
temperature

Days of the month
Name of Month

See if you can detect ary relationship between the temperatures on
successive days. What kind of relationship (if any) do you find? 1Is
this relationship such that you could predict the temperature on any
day by knowing the temperatures of the immediately preceding days?
How accurately could you interpolate the temperature of a day if you
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knew the temperatures of the day preceding and the day following? How
much daily temperature change occurs? to what extent do daily temperat-

tures furnish an example of patternless change?

Now for each month, plot the accumulated daily temperatures on a graph
in the form of a frequency curve showing the number of days during the
month when you recorded each particular temperature:

Number
of days

Temperatures
Name of Month

Is there a "piling up" or mode at any particular temperature? What
was the most common daily temperature during the month? What was the
range of variation? How closely do your results approximate a normal
curve? Plot the daily temperatures with intervals of one degree, two
degrees, three degrees, five degrees. By which method do you get the
nearest approximation to a normal curve? Why?

Have you arrived at a pattern with relation to the daily temperature
changes that occurred during the month? To what extent can apparently
patternless variations of any kind be expressed in the form of a normal
curve or a warped curve? Why? What causes the difference between
normal curves and warped curves? What are warping factors?

Calculate the average (mean) temperature for each month. What is the
relationship of the mean to the mode, the most frequently recorded

temperature? Why?

Now make a graph of the successive mean temperatures of all the months
from October till May: '

Mean
Monthly
Temperature

Months from October till May

Is the result a gradient? Why? Compare the gradient for fall with the
gradient for spring. Do you see a pattern of directional change?

Could you interpolate the mean temperature for a particular month if it
were miss.ng? Compare this with the situation which you found in the
case of the successive days of a particular month, Why do you think

there is a difference?
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Would you be justified in saying that the apparent lack of pattern

among successive day-to-day temperatures within a particular month was
due to the short period of obgervation, and that this daily pattern-
lessness gives way %o a directional pattern when there is a longer period
of observation?

What do you think would happen if you were to show on a graph the
successive mean temperatures of all of the months of a year? What
would be the relationship of the seasonal gradients to one another?
What is cyclic change? Is this a further kind of patterned change?
How is directional change related to cyclic change in this case?
Does this relationship also have something to do with the length of
the period of observation? Wwhy?

. 4. If you studied all twelve months of a year, you could, by averaging,

obtain a mean temperature for the #hole year. Then, if you studied
& series of years, you could represent on a graph a series of such
mean annual temperatures:

Mean
‘Annual
Temperatures

A Series of Years

What kind of year-to-year change would you expect? Would it appear
patternless? Would it appear directional? Would it appear cyclic?
What are climatic cycles? To what extent do we have evidence for
their existence? What does the length of our period of observation
have to do with our knowledge of climatic cycles?

Further Considerations:

What is the relationship between apparently patternless change, directional
change, and cyclic change? How is it concerned with the length of time
during which we are able to carry on observations? Let us try to set up

a mental model to illustrate this relationship.

Imagine an intelligent animal, able to observe and record observations,
belonging to a species with a life span of only 30 days. It would see
30 day-and -night cycles pass during its lifetime. It would be able to
see only one complete lunar cycle, or parts of two such cycles, (The
cycle of phases of the moon from full moon to full moon requires 28 days
to complete.) At whatever season of the year our animal lived, however,
day-to-day temperature changes would appear to it as patternless. Only
by reading the historical records of its species would an individual be
able to get some idea that directional change in daily temperatures took
Place with the seasons, and that an annual cycle of temperature changes
recurred regularly over a period of twelve or so of its generations. It
might try to understand these longer directional and cyclic changes by
comparing them with the waxing and waning ;of the moon, and the lunar
cycle which was observable during its lifetime.
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Now imagine that the creature belonged to a species having a lifetime of
about six months, It would live through several lunar cycles, and would
be able to observe the directional change of daily temperatures through
a couple of seasons. The annual temperature cycle, however, would be to
it as the cotd winters and hot summers of the last century, supposedly
remembered by our grandparents and other old people, are to us. The
historical records of the species would show that these cycles, which
they themselves were not able to observe directly, had cccurred regularly
in the past.

Now we come to ourselvas. We have no trouble relating the apparently
patternless, duily temperature changes to the directional changes which
we see in the seasons, and to the annual seasonal cycle. These all lie
within our range of experience., There is some indicetion, however, that
young children may be 1pss able to deal with the concept of the seasoral
cycle than older pecple, and that primitive people dealt with it less
readily than people who keep historical records. Some primitive people
used the lunar cycle rather than the annual cycle to measure time,
Possibly they understood this shorter cycie more readily, For us,
climatic cycles, recurring at intervals of many years or many centuries,
or even longer periods, are a sabject cf research and are somewhat con-
troversial. How do you think climatic cycles would appear to a creature
with a 1life span of 10,000 years?

The history of the universe and the evolution of life within it, appear
to us to corstitute directional change. We base our belief that this is
so on all of the evidence that science has been able to collect by means
of lcong and painstaking research, Do you think that there is a possi-
bility that these too might be a part of still longer-term cyclic changes,
if only we could look at them over a long enough period of time?




The !lcr‘onco‘gg Patterns

Introduction:

Scientists look for patterns in nature, and then try to find their causes.
Xf the patterns are consistent, they can be described in terms of natural
laws, K The principle of consistency lies back of all of the natural laws
that have ever been discovered, A scientist assumes consistency when he
observes nature or conducts experiments.

Patterns occur in living nature as well as in paysical nature, Physicol
nature generally contains fewer variables, and therefore is usually
simpler., The laws which describe it are more easily observed and under-
stood, Living nature contains a greater number of variables, The laws
which describe it are more complex, and more difficult to study and
verify, All natural laws are based on the operations of consistent
patterning factors.

Natural laws differ from civil iaws in that they describe, while civil
laws prescribe, Civil laws prescribe what people must do., If people do
not obey them they are punished, Natural laws describe what nature does
do. If it is discovered that a natural law does not accurately describe
nature, the law is changed,

Materials and Equipment:

Iron filings

Magnet

A sheet of stiff paper

Wind-borne seeds: dandelion, milkweed, or other

An open area: school ground, vacant lot, road side, railroad

right-of-way, or other, having a diversity of habitats, and
containing a variety of different kinds of plants

Procedure:

1. Scatter iron filings evenly over the surface of a gsheet of stiff paper,
Hold a magnet against the lower side of the paper. What is the behavior
of the iron filings? Does a recognizable pattern emerge from the for-
merly patternless condition of the filings? Move the magnet around,
What happens?

Repeat the experience several times, starting in each case with the
iron filings scattered evenly over the paper., 1Is the pattern which is
formed consistent in every case? Describe the pattern, What causes
1t? 1s there a natural law which describes this phenomenon?

2. Go into an open area containing as wide a variety of habitats as
possible: bare ground, grass-covered ground, low weedy vegetation,

tall weedy vegetation, etc. Choose a time when a moderate breeze
is blowing. Too strong a wind will endanger the success of the

experience. Set free at head height the wind-borme seeds from the
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head of a dandelion, the pod of a milkweed or other available source.
Watch how and where the seeds are carried by the wind, Follow them
until they finally reach the ground.

Locate as many of the seeds as possible, up to 100. Describe the
spot where each seed fell. How many different kinds of habitats

are represented? How many seeds fell in each kind of habitat? Do
you think the seeds would grow equally well in all of the habitats?
¥hy or why not¢? Would they grow in some habitats and not in others?
In which of the habjtats do you think they would be most likely to
grow? Why? Least likely? Why?

Was there a pattern in the original distribution of the seeds by

the wind? Assuming that the seeds would germinate ard grow in some
habitats and not in others, would there be a pattern in the distribution
of the plants that grew from the seeds? What would cause the

pattern? Assuming that the situation which you liave observed is

typical for areas of this kind, could you describe the pattern of _
distribution of the particular species of plant that you are studying,
and give a reason for it?

Study the actual distribution of the vegetation on the open area where
you scattered the seeds, How many different kinds of plants can you
2ind? (NOTE: You d> not need to identify them.,) Are they all evenly
distributed over the area, or are some of them found in some places and
not in others? Is there any apparent reason why they are distributed
as they are? Is their distribution consistent? Are the same kinds of
plants always found in the same kinds of places? How would you account
for their distribution? Would you say that there was (or was not) a
pattern in their distribution? Why or why not?

Is there s pattern in the different kinds of Vegetation occurring
naturally (not planted or cultivated) in your locality? What factors
cause it? Is there a pattern in the distribution of different kinds
of Vegetation in North America? What is the nature of the pattern?
What factors cause it? Are there natural laws which describe the
distribution of vegetation?

What similarity is there between the portion of this experience
dealing with the magnet and the iron filings, and the portion dealing
with the wind-borne seeds and the distribution of vegetation? Why?

Further Considerations:

Can you think of other situations involving patterns in nature to which

you might apply the same kind of analysis that you have used in the case
of the magnet and the iron filings, and the distribution of plants? What
about some aspects of human behavior? Of the behavior of other animels?

what about weather?




Pecomposition of Materials

Introduction:

All natural materials undergo decomposition. This is true even
of rock, which ultimately is broken down to sand or clay. Materials
which have been a part of living organisms (plant or animal) break
down relatively rapidly. Some, however, braeak down more rapidly than
others. Alss, the medium in which they happen to be found may affect
their rate 6f decomposition. -

Soil consists of finely divided particles: ground-up rock or "rock

flour," mixed with partially decayed vegetal material called humus.

The humus develops from the docay of the bodies of plants and animals
through the agency of bacteria, molds, earthworms, soil insects, and
even burrowing memmals. These organisms contribute to the braaking

down of the dead bodies directly, or mix the dead material with already
existing soil, permitting the organisms of decay to come in contact
with them and attack them more readily. :

In this laboratory experience you will have an opportunity to
observe comparatively the decomposition of animal, vegetal, and man-
made materials in contact with sand and soil.

Equipment and Materials:

Four medium-sized flower pots

Deep dishes in which to set the flower pots
Glass covers for flower pots

Washed sand

Rich garden soil :

Small stones or pieces of broken flower pot
Dead leaves

Bits of cooked meat

Bits of bread

Bits of cotton fabric

Bits of wool fabric

Bitx:of nylon fabric

Procedure:

Note: This experience may be done in teams of two to four students,
involving the entire class, or it may be set up as a demanstration
for the class.

1. Place small stones or pieces of broken pot in the bottoms of the
flower pots. Fill two of them to within an inch of the top with
moist, washed sand, and the other two with rich garden soil. Press
both sand and soil down firmly.

! #Adapted from High School Biology, BSCS Green Versiou, Student Manual,
Laboratory and Field Investigations, Rand McNally andOCOnpany, 1963.
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2. On the surface of the sand in one of the pots blace bits of dead
leaf, cooked meat, and bread. Put each of these on a different
area of the surface, keeping them as widely separated as possible.
In the other sand-filled pot, place a bit of cotton fabric, a bit
of wool fabric, and a bit of nylon fabric. Again, keep them
separated. |

3. Place the same materials on the surface of the soil in the two
poil~1111ed pots, keeping them separated.

Note: You may place enough of the sand or soil on top of the
materials in each pot to hold them in place.

4. Place al] four pots in deep dishes containing water. Cover them
with glass covers. Put all of them in a warm dark place. Keep
the soil and sand moist at all times by adding water to the dishes
containing the ppts.

$. Observe the materials once each week for an oxtended'period. Compare
. the appearance of the differant materials. Look Ior masses of
mold mycelium. ' :

Note all changes.
Keep a record.

6. What is decomposition? iWhat kinds of substances can be decomposed?
' ‘What kinds of substances cannot readily be decomposed? What csuses
decomposition? Which of the materials that you are testing are de~
composed most rapidly? Most slowly? Why? What differences are
notable in the raies of decomposition of the same materials on sand
and s0il? Why? What is soil? How is it formed? What is humus?

7. What is the significance for the continuation of life on the earth
of the kinds of change which you have observed in this experience?
For maintenance of the "balance of nature"? '

Further Considerations:

Go into a deciduous forest (a forest that loses its leaves in the fall,
and grows them again in the spring). Locate an area where there is a thick
covering of dead leaves ghuthe forest floor. Note the condition of the
leaves at the surface of the dead leaf covering. When did they fall? Dig
carefully into the deeper portiors of the dead leaf covering. What is the
general condition of the leaves as you dig deeper? Can you pick out the
"Jayers" within the dead leaf covering which fell a year earlier than the
top ones? Two years earlier? Three years earlier? At what point do the
leaves lose their identity und merge into the general mass of humus? Dig
down into the 3pil. Note how the humus merges.and becomes mixed with it.
Dig down deeper. How thick is the layer of top 80l (A-layer)? What is
the B-layer and how does it differ visibly from the A-layer? What lies
beneath the B-layer? What is "parent materil” in connection with soil?
What kinds of living organisms did you see as you dug down through the
humus and into the s0il? Which of these organisms played & significant
part in the process of decomposition? How many different kinds of soil are
there in your locality? How are they different? Why are they different?
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Thinking About Normai Curves, Warping Factorg,
and S lin

In the natural world, related pheromena tend to vary in pattern fashion
around a norm. If you collect a representative semple of any particular
kind of data: the grades, or weights, or height measurements of students
of a particular age and sex group, the sizes of bearus of a particular sort,
the temperatvre at 3:00 p.m. each day in the month of January of a particu-
lar year, the readings from a measuring instrument for a supposedly uniform
physical factor, allowing for margin of error, you will see this patterning
around a norm.

You can record such data in the form of a graph. On it, the norm will
appear as the central point on the base line of the graph, and each datum
will be a point at an approximate distance on one side or the other of the
central point. When you do this, the data will "pile up", most of them at
or near the norm, the others with decreasing frequency at greater distances
on each side of the norm. If the sample is large enough, and if there are
no factors operating to warp the distribution, the resulting pattern will
be in the form of a "bell curve" or normal curve.

Warping factors may include such things as: sex of students in a mixed
class, wind blowing more frequently from a particular direction in the case
of winrd-scattered seeds, dice that are heavier on one side than the others,
protective coloration in a species subject to being caught and eaten by
predators, a catalyst causing a reversible chemical reaction to go more
rapidly in ore direction than the other. Such things iuterfere with the
haphazard occurence of data and produce a warped pattern or distribution
curve. Scientific laws are descriptions of the operation of such constantly-
operating warping factors in the natural world.

For phenomena to exhibit "normal curve” behavior, or for the operation of
warping factors to be apparent, a sufficiently large and representative
sample or collection of data is necessary. How large is an "adequate' sample?
How do we know when it is "representative"? In general, we believe that it
is sufficiently large and representative when the continued addition to the
sample of randomly chosen individuals does not change the picture presented
by the graph.

What kinds of phenomena can you think of that exhibit "normal curve"
behavior? What kinds can you think of that show the action of warping
factors? How are normal curves. and gradients related? ‘




Normal Curves and Warping Factors

Introduction:

This laboratory experience bears sumewhat the same kind of relationship
to the process of scientific investigation and the generalizations that
result from it (hypotheses, conclusions, natural laws) that bridge-playing
bears to real-life competition in business or politics, and that chess-
playing bears to military tactics and war, What is this relationship?

Materials and Egglgment:

Pennies

Masking tape

Graph paper

Procedure:

Toss a single penny not less than 100 times. Record the number of times
it falls heads and tails, Are the numbers equal? If so, why? If not,
why? Formulate a hypothesis to explain your results. Devise an experi-
ment or set of experiments to test your hypothesis. Ccmpare your results
with this penny to the results of similar experiments with other pennies.
Are the results the same? If so, why? If not, why? Formulate a
hypothesis, Test as before. Does the age of the penny have anything

to do with it? If so, why? 1If not, why? Try tossing a nickel. Does
the kind of coin you use affect the result? What else might affect the
resalt? Investigate some of these possibilities,

Continue your hypothesis-forming and testing as long as you find it
interesting, or as long as time will allow, Do not worry if you do

not come to any definite conclusions, or if the conclusions you arrive
at on the basis of your own experience differ from those of others. The
conclusions that you reach are less important than the procedure by which
you reach them. You are actually not carrying your experiments far
enough in any case to justify drawing well-established conclusions. Why?

What does a scientist mean by sempling? How is this related to what you
have been doing? How well can you predict a final result after 20 tosses?
50 tosses? 100 tosses? 1,000 tosses? How large a population of boys

or girls would you need to consider in order io make a well-founded
generalization concerning them?

What is a hypothesis? What is a natural law? What is inductive thinking?
Deductive thinking? Where have you used each type of thinking? What is
an experiment? How is it related to an observation? To what extent is
science experimental? To what extent observational? What is a controlled
experiment? How does it differ from an uncontrolled experiment? From

an observation?
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Now take an even number of pennies (6-10), and toss them together, counting
the total number of tails that show each time, Do this as many times as
possible, up to 100, Record your results for each toss in such a way that
the data for your total number of tosses forms a curve:

X

’ X X X
Number XXXXX
of Tails: XXXXXXX

0123456

Transfer your results to a piece of graph paper., How closely have your

results approximated a normal curve? Why?.. Any devtation from a normal

curve is called a skewed curve, and is due to the operation of a warping
factor., Wkat are warping factors? IS a warping factor at work here.

If so, what do you think it might be? |

Calculate the total number of single-penny tosses involved in your result.
pDid beads or tails predominate in your mass result? Does this outcome
support or contradict the conclusions you reached in working with single
pennies? In case the two conclusions do not agree, which do you think
would be the more valid? Why?

Put a thickness of masking tape on the hesd side of a penny. Be careful
that the tape does not extend onto the edge of the penny. You have now

introduced a possible additional warping factor inrto your penny tossing.
Why did you need to be careful not to get tape on the edge of the penny?

Toss the penny at least 100 times as you did befcre. Record the number
of times it falls heads and tails, Have you succeeded in Jarping the
heads-tails ratio by attaching the tape to the head side? If so, to
what extent? Now try adding a second layer of tape. Repeat the tosses.
Is the ratio changed? Add a third thickness and txy it again, Add a
fourth and repeet, 1s there any evidence of a progressively increased
degree of warping? If so, is the change consistent?

Put a predetermined amount of tape on each of six pennies and toss them
together as you did with untaped pennies, counting the total number of
tails that show each time. Do this as many times as possikle, up to
100. Record your data in such a way that your results form & curve,
Transfer your results to a piece of graph paper. Does the warping
factor which you have introduced show up in the form of a warped or
skewed curve? Compare this curve with the one obtained from tossing
six untaped pesnies, Is there a difference?

Can you arrive at any sort of generalization cohcerning your results
in tossing single pennies and six pennies without tape and with tape?

Further Considerations:

When examples of variation with regard to a particular characteristic
in a sample population are quantified, and their frequency is recorded
on a graph, the result may be a normal curve. In such cases we say that,
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with regard to the characteristic being S..died, the individuals making
up the population vary around a norm. How does this diffex from a
patternless distribution? What factor or factors produce the pattern?
Are these warping factors operating upon a pattcrriless distribution?

What kinds of phenomena in hiological and physical nature are describable
in terms of a normal curve type of distribution? Can you think of some
of these that you might survey, or iavestigate in the laboratory? What
about height and weight in adult men and women? In boys and girls of

the same age? Any others?

See if you can think of warping factors at work in biological or physical
nature. Can you survey the operation of some of these, or try them cut
in the laboratory? Waat about degree of cloudiness in relation to tem-
perature in a particular month? What about sex in relation to variations
in height of men and women? Any others?

What is the relationship of normal curves and warped curves to the general
phenomenon of patterns existing in nature? What kinds of patterns are
there other than these two? What kinds of factors cause patterns? What
is the relationship of patterns in nature to hypotheses? To natural laws?



A Study of Wind

Introduction:

People who live in rural areas, and other people who work out-
doors, are generally more conscious of the direction and force of the
wind than those who live in cities, and whose work is in schools and
offices, and factories. Many of the latter are only conscious of the
wind vhen it reaches gale proportions, or drives rain, or drifts snow,
or when they see in television news reports the effects of a hurricane
in Florida.

The wind, however, actually blows nearly all the time. Periods
of complete windlessness do occur, but they are ususlly of brief dura-
tion. Even on a calm diuy, there isr nearly always a breeze.

The direction from which the wind blows is intimately related to
the general state cf the weather, warm and cold fronts, and the move-
ment of great continental air masses. The uwohavior of these is, of
course, in turn related to geographic location, and to the march of
the seasons. Local features of geography, such as mountains, lakes,
and nearness to the seashore, affect local winds. The behavior of the
wind is also related to time of dsay.

It is possible, by careful observation and record-keeping, together
with a study of weather patterns, and the relation to these to local
geography, to determine some of the factors that affect the behavior
of the wind.

!guiggent:

A weather vane mounted in a location where the wind can reach
it freely from all directions. The mataerial of which it is con-
structed should be sufficiently light, and its mounting of such
a nature that the slightest breeze will cause it to turn on its
axis and point the direction from which the wind is blowing.

A compass for checking directions.
Procedure:

1. Observe the direction of the wind, as indicated by the weather vane,
every day at the same time for a series of successive days. The
longer the period of observation, the better and more interesting
will be your results. Check the direction with the compass, if
necessary. How steadily does the wind blow from the same direction?

2. Summarize the results of your daily observations in the form of a
graph. Let the horizontal axis of the graph represent the points
of the compass, starting at the left-hand side with East, and pro-
ceeding around the compass clockwise. The resason for arranging
the points of the compass in this order is that storms generally

’ pass across the continental United States from west to east, or
from northwest to southeast. Why is thias?
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Let the vertical axis of the graph represent the number of days
that the wind was blowing from a particular direction at the time
of the daily observation.

Number of
days

(clockwise)
Ee=w—p. points of the compass

3. From what direction did the wind blow most frequently? Least
frequently? If no warping factors were at work influencing the
wind direction, one might expect, on the basis of pure chance,
that the wind would be as likely to blow from one direction as
another. Over a long period of time, therefore, the number of
days that the wind would blow from each of the points of the com-
pass would be the same.

S8ince it actually did blow more frequently from some directions,

and less frequently from others, it is obvious that some warping

factors were at work. What were they? See how many of them you

can find or figure out. Listen to weather reparts and forecasts

on radio and television, Consult daily weather maps in the news-
paper: How are these related to wind direction? See if you can
find a relationship between the prevailing wind direction and your

location with regard to the general geography of the North American
continent., Is there a relationship with local geographic factors:
Jakes, rivers, nearness to mountains, seacoasts, et cetera?

Is there a relationship to season of the year?

4. PYor a series of successive days (as loig a period as possible) ob-
serve and record wind directions at hourly intervals from a time
as early in the morning as possible to a time as late as possible
in the afternoon or evening.

5. Construct a series of graphs, one for each hour of the day when
observations were taken. Again let the horizontal axis represent
points of the compass, while the vertical axis represents the
number of observations of wind blowing from each direction at that
particular hour on different days.

Hour of Observation (e.g. 9:00 a.m.)

Number of
Observations

Pt

(clockwise)
E ———3points of the cnmpass

6. How much shifting in wind direction generally takes place in a
single day? To what extent do days differ in this regard? Why?
How slowly or how rapidly do shifts in wind direction take place?
To what factors can you relate these changes in wind direction? Con-

- sider the same possibilities of relationship that are indicated under
(3) above.




7. What conclusions can you draw as to the warping factors that
determine wind direction in your locality? Cite evidence from
your records to support your conclusions.

Further Investigations:

Repeat your Study at different seasons. What differences do you
fird? Why?

Velocity of the wind is measured by an instrument called an
sanemometer. If one of these instruments is available or can be obtained,
determine wind velocity at the same time on successive days, and at
different hours of each day for a series of days. See if you can relate
velocity of the wind to the factors listed under (3) above. How does
wind 'rise and diminish or cease ? Why? Slowly or suddenly? What
causes wind? What determines wind velocity? What kinds of winds are
there?




*Normal Distribution Curves Describe Variation in Natuce

Introduction:

There is variation in everything. Sometimes we are able to account for

these differences. More often we are not able to do so. They are accepted
as a fact of nature., Darwin assumed as a fundamental fact that no two living
organisms are alike. He made this one of the bases for his theory of evolu-
tion through natural selection. Darwin did not know about genetic mutation,
which we now know interacts with the environment to cause variation.

In nature, even among offspring of the same parentage, the interplay of
genetic and environmental factors results in a wide range of variation
among organisms of the same kind. It is rarely possible to adequately
describe two or more living things by saying that they are "as alike as

two peas in a pod", Even in cases where we can do so, close inspection and
measurement will show that there are detectable differences. Among people
only identical twins are nearly alike. They possess identical heredity,
but even with them, slight differences may occur due to the influence of
environment.

One way to see the occurrence of variation and its distribution in nature
is by measuring a collection of lima bean seeds.

Materials and Equipment:

1 1b. dry lima bean seeds of the same kind
(either large or "baby" limas)

12 large test tubes and a test tube rack (4 oz. fruit juice glasses
or wine glasses may be substituted, if they are made of clear,
transparent glass)

Magnifying glass
Millimeter rule
Glass marking pencil
Graph paper

Simple ba)ance measuring weight in grams and fractions of grams

Procedure:

This experience is best carried out by individual students or by students
working in pairs. The final results obtained by the individuals or pairs
may be combined at the end of the experience to preovide a larger sample.

*In collaboration with Dr. Sylvan Mikelson, School of Education, Hayne State
University, Detriot, Michigan, and his graduate students.’
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Measure the beans in gzoups of ten. Each "ten" should be selected at
random, e.g., counted as they are poured out of a bag or other contsainer.

Measure the greatest length of each bean with the millimeter vule. Deter-
mine the length to the nearest millimeter, using the magnifying glass for

close distinction. You will soon develop a skill in doing this, such that
the job will proceed relatively rapidly.

When you have measured the first bean, file it in a test tube or glass,

and mark the length on the glass. Do this with the secord bean, i1f it is

a different length, or file it in the same container if it is the same
length., Continue until you have completed the first group of ten, setting
up a new container every time you find a bean of a different iength. Do
your containers form a continuous series (e.g., 12 mm,, 13mm., 14, , 15om.,
16mm,, etc), or is the series incomplete? Have the beans begun tc "nile
up" in one of the containers? When they do so, the length which occure
most frequently is called a mode. Where is it located in the series? 1Is
there more than one mode? Write down your answers to these questione.

Measure a second group oi tem, proceeding as before. When you have com-
pleted it, answer the same questions asked at the completion of the first
group of ten, and record your answers. Are the answers the same? If they
are different, in what ways do they differ? Continue with a third grovp
of ten, record the answers. Follow with additional "tens’, as long as

you have time to or care to continue the experience. Keep a record of the
number of '"'tens'" that you have measured.

How many "tens" did you have to measure before new size classes ceased to
appear? How many "tens" did you have to measure before a definite mode became
apparent? 1In which "tens" did you find the longest and shortest extremes

of the population? DNoes this tell you anything about the probability of
pulling a single bean at random from the population, which would be repre-
sentative of one of these extremes? When a single specimen of an extinct
race of man is disccvered which differs widely from modern man, what do

you think of the argument that it is a "freak"? How valid do you think

it is to generalize on the basis of a single, interesting case in dealing
with any kind of data?

How many "tens" do you think it took to constitute an adequate sampie of the
bean population? Would your conclusions concerning the nature of the popu-
lation have changed if you had continued beyond this point? Try to frame

a definition of an "adequate sample" which would be applicable to any kind
of population.

Count the total number of beans in each size class, and construct a graph
showing the relationship of sizes to the numbere in each size class.

Numbers

Sizes (length in mm.)
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To what extent does the graph showing your results approximate a normal
curve? Would measurement of a larger sample have given you a better curve?
On the basis of your graph, do you wish to modify your conclusions con-
cerning the size of an adequate sample? Do you wish to add to, or modify
your definiticn of an adequate sample?

Combine the results obtained by other members of the class. Construct a
similar graph showing results from the entire class. Do you get a better
curve? 1If so, why? 1Is there a change in either the extremes of the popu-
lation or the mode when the results of the entire class are combined? Do
you wish at this time to further modify your conclusions concerning the
size of an adequate sample?

Further Considerations:

How do political poll takers determine what constitutes an adeq. “te le?
What factors in addition to size of the sample do they have to t. = iu
consideration? How accurate are their results?

As you measured the lima beans, did you notice any other kinds of variation
other than length of the seed? How about width of the seed? Shape of the
seed? If you were to weigh all of the seeds in each size class, or an
adequate sample of them, do you think that the weight of each seed would
necessarily bear the same relation to their common length? Or would there
be a normal curve of different weights within each size class? Try this
and see, if you have available a simple balance, measuring weight in grams
and fractions of grams.

What about other kinds of seeds? Nuts? Fruits? Leaves? What about various
kinds of common animals? What about humans? 1Is the kind of variation which
you have studied in lima beans characteristic of 211 forms of 1ife? Do

you think that you could set up normal distribution curves for variation
occurring in other living things? Try it in any case where you can obtain

a sufficiently large population to comstitute an adequate sample.

What about variation in nen-living things in nature? What about variation
in things that man has made? How would you describe variation in the classes
of things that man has made? Does it differ from variation in living nature?
In non-living nature? How? Why?

Can variation among living things be related to survival in nature? How?
What would be the equivalent of "survival" in the case of man-made things?
Would the equivalent of '"variation" in the case of-man‘made things be
related to this? How?




j s

(2)

The Use of Normal Curves in Distinguishing Species

Introduction:

Since 1930, Dutch elm disease has destroyed large numbers of our native
American elms (Ulmus americana). This disease is caused by a fungus which is
carried by a bark beetle. The introduced Siverian elm (Ulmus pumila), some-
times erroneously called Chinese elm, is much less susceptible. This species
has been planted in this country as a shade tree for at least a generation.
It is now well established, and in many places it is reproducing naturally,

Materials and Egg&gnont:

" Millimeter rule

Means of prersing leaves or making prints of them
Graph paper

Procedqré:

Collect {by cutting the leaf stem or petiole near the base) 100 full-size
leaves frcm each of the two species of elm trees. Press the leaves carefully,
or make accurate prints of them. Make the following measurements and obser-
vations on each leaf:

(1) greatest length (not including the petiole)

(2) greatest width

(3) number of notches on each side of the leaf. (In the
American elm leaves consider only the large notches.)
Record the right and left sides separately. In determining
"right” and "left", place the leaf top-surface downward,
and consider right and 1eft to correspond to your cwn
right and left hands.

Summsrize on graph paper z2il four kinds of data obtained from measuring and
counting. Use a single sheet for each kind of data from the two species,
recording the data from one species in red and from the other in blue or
black. This will help you to compare the two species for the characteristics
which you have studied. Plot on the graph the measurement or number of
notches against the frequency with which it occurred in your populstion of
100 leaves. '

(¢))
Number of leaves

Leaf length in millimeters

Bumber of leavesa

Leaf width in millimeters




Number cf leaves

(3)

Notches on right side

(¢)

Number of leaves

Notches on left side

How clecsely does each kind of data for each species approximate a normal
curve? How much overlap (if any) occurs between the two species in each
case? What conclusicns would you draw from this as to the nearness of
relationship of the two species? Can you writa a general description of
each species from the data that you have, in such a way that a person seeing
them in nature could readily distinguish them? Try to do so. These are the
kinds of data that taxonumists use in describing species and distinguishing
them from one another.

Further Inveg;igations:

What is a species? Can you set up similar comparative utudies for other
species? What about species of dogwoods? What about hawthorns? What about
oaks? Note that this kind of study is valuable only for two closely related
species. More distantly related species are readily distinguished by character-
istics which do not overlap. | :

What ia variation? Can variation be related to survival in nasure? How?
What effect would this relationship of variation to survival have on the
characteristics of the species itself if continued over a long period of time?




Guellig! Cards

Introduction:

. As you probably know, a deck of ordinary playing cards consists

of 52 cards. There are four suits of 13 cards each: hearts, diamonds,
clubs, and spades. Therefore, if you attempt to guess the suit of any
single card chosen at random, you have one chance in four of guessing it
correctly. If you shuffle the deck each time before drawing a card and
guessing, you shkould expect to be right in 25 percent of the cases, 25
right out of 100.

Any percentage of correct guesses higher or lower than 25 percent
would seem to indicate one of two things, either (a) inadequate sampling,
i.e., although