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CHAPTER I
THE PROBLEM AND ITS BACKGROUND

The Problem

The current era is called the Space Age--a time
of phenomenal scientific progress., Accordingly, im-
rovements in science programs at all levels of edu-
cation are being urged and promoted on all sides., Fed-
eral grants are offered to motivate science teachers
to improve their training; federal funds are available
to aid school systems in the purchase of scientific
equipment; and capable high-school and college stu-
dents are urged to choose careers in the sciences.

Local administrators under the contemporary
pressures have initiated overhauls of the science
program. New subject matter 1is being assigned to
science courses at various levels, more up-to-date
books are being purchased, and coordination of sci-
ence courses througnout the various grade levels is
being attempted. All these efforts have produced
change, although change may not mean improvement.l A

teacher who is well-informed about current scientific



advances and who has the most modern equipment and
textbooks may still fail to make science a pertinent,
meaningful part of the life of his students.. Sta-

1 indicate that chil-l

tistical data gathered by Ruliner
dren in the niath grade enthusiastically endorsed cer-
tain experiences, samplings in the science field, be-
fore being given any dircction in the study and that

this same enthusiasm waned after the direction. !Mal-

linson,2

in reviewing interest studies at the sixth-
and seventh-grade levels, observes that more of these
students indicate an interest in science than in any
other subject. Yet, similar studles with ninth-grade
students c¢»r those entering the tenth grade show that
fewer students state an interest in science than in
any other subject taught at these levels,

Can the junior-high-school science teacher ig-
nore such an indictmens? In the last analysis the
success of science programs stands or falls with the

science teacher in his classroom. The most urgent

lRuffner, Frances E.,, "Interests of Ninth-Grade
Students in General Scisnce." Science Education,
XXIV (January 1940), 23-9.

2Mimeographed report catitled "Junior High School
Science and the Implications of the Science Motivetion
Project" delivered by George G. Mallinson to the Wis=-
consin Conference on Science Instruction in the Elemen-
tary and Junior High Schools, at tke Uaniversity of Wis-
consin, Madison, Wisconsin on August 21, 1962.



need therefore, is for a technique of science teaching

that will allow young people to experience "grue" sci-
ence, discover undc 7z principles of life phenomena,
and learn to apply theze principles to new ;lasses of
problems.

In this study the writer will deal with the teach-
ing of science at the Junior-high-school level, will
investigate a four-fold problem with which every scilence
teacher is faced and will suggest a possible solution
or technique for each aspect of this problem., The four
aspects of the problem are these:

l. Fragmented content;
2. Experimentation without focus;
3. Ineffective student record of activity;

L. Lack of transfer.

Fragmented Content

History

As early as 1909 the nsed for an introductory
science course at the level now known as the junior-
high school was becoming apparent. Experiments were
underway indicating that highly specialized sciendes
were not meeting the needs of the first-yecar pupils.
However there was no agreement as to what the content

of such a course should be.



In 1920 the National Education Association re-

port,l Reorganization of Science in Secondary Schools,

made definite recormmendations as to the nature of
such a general-sciance course. The c§ntent was to
consist of topics or units related to the citizens!
needs in science, and drew its materials from any of
the specialized sciences which helped meet these needs.
With the development of the junior-high school,
the organizeaetion of appropriate science courses for
grades seven and eight as well as for grade nine be-
came necessary., rinally, in 1932 with the publication
of the Thirty-first Yearbook2 of the National Society

for the Study of Education entitled, A Program for Sci-

ence Teaching, an authoritative statement was made

concerning the need for an integrated program of sci-
ence from kindergarten throughh twelfth grade. The

Thirty-first Yearbook recommended general science as

lScience Education in American Schools, National
Society for the Study of Education, Forty-sixth Year-
book, Part I. Chicago: Distributed by the University
of Chicago Press, 1947, p.1l53 citing Committee of the
National Education Asscciation, Commission on Reorgan-
ization of Secondary Education, Reorganization of Sci-
ence. Washington: Govermment Printing Office, 1920.

2A Program for Teaching Science, Thirty-first
Yearbook of the National Society for the Study of Edu-
cation, Part I. Chicago: Distributed by the Univer-
sity of Chicago Press, 1932, 194.




a three-year sequence 1in grades seven, eight and nine.
However the content at the various levels provéd to be
repetitious and failed to meet the objectiveg suggested
for it. As Mallinsonl points out, this situation still

exists,

Present status

Studies by Pettit® and Hunter3 of varicus gemneral
science textbooks reveals that there is little agree-
ment as to the nuaber of areas to be included, which
may range from six to eighteen in any one grade. The
topics are often uarelated, show little adaptibility
for individual differences, tend to be superficial,
and ¢o not contain new, pertinent developments in

science. Seegerh in his manuscript, On Teaching "All

12 paper entitled "Motivation in Junior High
School 801ence," presented by George G. Mallinson to
the Twelfth Thomas Alva Edison Foundation Institute on
Science Education at the Engineering Society of Detroit,
Detroit, Michigan, November 13, 1L, 1962.

2Pettit, Donald D., "The Content of Junior High
School Science."™ School Science and Mathematics, XL

(October 1940), 643-5l.

3Huntar, G. W. and Parker, Alice L., "The Sub-
ject Matter of General Science." School Science and
Mathematics, XLII (December 19L.2), 869-77.

Yrischler, Abraham S., "Science for Grades Seven,
Eight and Nine." School Science and Mathematics, LXI
(Aprll 1961), 279 citing Seeger, Raymond J., On Teach-
52% "All About Science," manuscrlpt COpY, September L,

0, 3, L.
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About Science," concludes:

"In looking over the various textbooks,
I was completely at loss as to what had
motivated the choice of the particular con-
cepts and the grades wssiguned for teaching
them. From the viewpoint both of logical and
psychologicel presentation of scientific
ideas much was obviously wanting. In some in-
stances, indeed, fundamental concepts were
incorrectly presented, and in many more cases
incompletely. . « There is evidently a deter-
mined effort, increasing with gradc level, to
teach 'all about science!, but not at all a
hopeful desire to learn science as a way of
understanding nature. What 1s worse, the same
material is frequently repceated in consecutive
grades with no obvious cumulative progress or
curricular relation. Why then are particular
topics selected for dominating ones? What about
scilentific goals? Evidently any answer to this
basic duestion depends upon one's own concep-
tion of science itself."

Educators throughout the country have recognized
these weaknesses, and various approaches are being
tried. One pattern is a block program in which math-
ematics and science are both taught by one teacher for
a ysar, or even longer. Another approach is the un-
graded sclence program in grades seven and eight. Here
grouping is done by ability and interest in science
so that able students in the seventh grade may be
working with eighth-grade students on a particular
problem. In both cases, the teacher is the key to
the success of the program. He must be trained in all
branches of science, understand child behavior, and be

operating in a functional laboratory.



Some communities are introiuéing a separate
sclence in each grade--blology in grade seven,lchem:
istry in grade eight and physics in grade nine. Maﬁy
educatorsts@ belisve that this is unﬁise. They argue
that when a child looks at his environment he does not
see it subdivided biologically, chemically, and phys-
ically. These separate disciplines are man-made and
often prevent students from secing the relationship be-
tween the various disciplines within the scientific en-
terprise.,

Another approach 1s the introduction of bilology or
earth science in grade nine for the academically able
student. This, too, has met with varying degrees of
success. Bra;dwein3 reports that of the number of
students taking biology, earth science, or chemistry
in grade nine, he found only an average of thirty-five
percent were planning to take three more years of sci-
ence a3 compared with eighty-five percent of the "con-

trols™ who had had '"general science" in grade nine.

llOC ° Cit o9 p.28C‘o

2Mallinson, "Motivation in Junior High School
Science,”" op. cite, PeTe.

3Fischler, op. cit., p.281 citing Brandwein,
Watson, Blackwood, A Book of Methods. New York:
Harcourt, Brace, & Co., 1958, p.32L.




Meny curriculum workers in the rield of Jurior-
high-school science are now committed to a policy of
spiralling plac;r:«.er"nl In this scheme, many of the
same concepts or geuecralizatlions of sclence are in-
cluded in each year's work. The experiences of the
pupils and their application of these principles
vary from year to year, with the expectation that in
succeeding years their understanding and control of

the concept will be constantly enlarged.
Experimentation Without Focus

Lack of direct experience

Experimentation connotes actively securing know-
ledge by exploration and discovery. If students are
to learn more than facts and the interpretation of
principles, they must become actively involved in
solving science problems. Curt132 points out:

"Within the past two decades, . . . there
has been an increasing tendeucy to teach sclence
vicariously, rather than experientially. . . the
all-too~-common practice 1s to have pupilils read
or be told about science rather than have them
experience science through observing and ex-
perimenting.”

1Forty-sixth Yearbook of the National Society
for the Study of Education, Science Education in Ameri-
can Schools, op. cit., p.1l58.

2Curtis, F. D., "Basic Principles of Science Teach-
ing." The Science Teacher, XX (March 1953), 58.




Serirabl proposes that the conventional classroom
be tro--’ormed into a completely inquiring one in which
lect .. .nd textbook are challenged. Tc» thg student,
this means relinjguishment of habits of passivity and
dependence on teacher and textbook in favor of an
active learning "where lecture and textbook cease to
be authoritative sources of information and become
materials to be dissected and analyzed."

For the teacher this attitude of inquiry requires
new skills and habits. The stu@ent does not learn to
"learn for himself™ without helpn. It is the responsi-
bility of the teacher to aid him in discovering what
to look for during scientific inquiry, and what ques-
tions to ask of the material he 1s reading.

The fact that many students do not, in their
courses, deal directly with life itself is pointed
up in a study by Abbott® to determine the relative
demand for commercial products by high schools in
biological studies. In a random sampling of over one-

hundred schools throughout the United States, he found

lSchwab, Joseph J., and EBrandwein, Paul F., The
Teaching of Science. Cambridge, Massachusetts: Har-
vard University Press, 1962, 66.

2Abbott, Cyril, "Do Biology Teachers Use Live
Materials?" American Biology Teacher, XVI No. 1
(January 1954.), 15.
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that biology teachers lean heavily on charts and
"pickled"™ specimens (597%) and that living organisms (8%)

are scarcelv ever used.,

Misconception of the function of experiments

ExXperiments are used by teachers for a variety of
purposes. For some an experiment is simply an atten-
tion getter; others seem to have little more than en-
tertainment in mind. The more serious teacher, hope-
fully, tries to relate his experiment with the material
being studlied. Even here the true function of exXxperi-
mentavion may not be taking place. The authors of the
Forty~-sixth Yearbook® observe:

"It is regrettable that, in a majority of
science classrooms in which demonstrations and
individual pupil experiments are performed,
the chilef, if not the sole functlon served by
these activities is to verify facts and prin-
ciples already learned."

This results in pupils' attempting to "make the an-
swer come out right," and telling "what ought to have
happened," instead of wnat did happen. Since the pri-
mary purpose of experimentation is to secure answers

to problems, this practice is the antithesis of inquiry.

Writing in this regard, Alberg® says:

1Forty-sixth Yearbook, op. cit., p.51-=2.

2Alberg, B., "Any 0ld Experiments?" Science
Teacher, XXX (October 1963), 28.



"The 'legitimacy' of the experiment as
an experiment {(end not s directed exercise to
be followed) is quite questionable if all the
ansvers can be found in the book. The question
here is whether the so-called experiment
really poses a problem or a situation to be in-
vestigated by the students, requiring the
collection of data and their analysis and in-
terpretation.”

Poor choice of expsriments

What shall determine the choice of experiments fo
junior-high-school science? Shall it be those that
teachers learned to do in college science classes?
Hilgers1 found these to be the experiments or demon-
strations most commonly used. Obviously this 1s a
poor basis for choice.

Shell it be an experiment carried down from a
high-school-science course, and simplified for Jjunior-
high-school students? Little has been done with the
planning cf science experiences suited to the needs
of young poople at varying levels of maturity. The
Forty-sixth Yearbook2 calls for this kind of planning.

"Instecad of placidly accepting crite

scilence experiences pushed down from the
grade levels above, good teaching demands

lHilgers, Robert J., "Practices and Techniques
in Science Teaching." Science Education, XXVI (Jan-
uary 1942), 16-21.

2

op. cite, p.157.

11

g
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that science experiences be planned for the
maturity of the particular pupils involved."

For learning to be effected; the student must
be intellectually involved as well as physicaily in-
volved. It would seem, therefore, that experimenta-
tion needs to be focused on important, basic relation-
ships in the student's immediate enviromment--relation-.
ships in which he is involved but which he does not

understand. The Forty-sixth Yearbookl concludes:

"There is a great need for the develop-
ment of an adequate series of demonstrations
to be used in junior high 8chool classes for
building up very specific understandings of
particular science concepts, principles and
applications.”

Ineffective Student Recording of Activity

Time-consuming and irrelevant records

In speaking of a record of student activity tlie
writer refers to those activities assigned students
as a means of aiding organization and recording of
observations.,

If an.exercise is worth performing it is worth
recording. What kind of record should be required of

a student? A practice often employed by Jjunior-high-

lioc, cite, pe160s
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school teachers is the reporting of an experiment in
"story" form. Commenting on this student activity,
the Forty-sixth Yearbookl statas:

"Rarely is the reporting of an experimsnt in

complete 'story! (expositional) form justified,

because of the great amount of time required

for the pupil to write it and for the teacher

to give the report the careful and detailed

reading it should have."

Another student activity frequently required is
the making of representative drawings of epparatus
set-ups and biological specimens. Reviewing the rela-
tively extensive research on this issue, the writers
of tThe Forty-sixth Yéarbook2 found an inverse rela-
tionsiilp between the degree of attention focused upon
artistic and exact reproduction and the attainment of
the goals of science teaching.

Researcn further indicates that the inking or
coloring of laboratory drawings is likewise wholly
ineffective as a means of reallizing major objectives
of a science course.

Requiring pupils to trace drawings from text-
books, as is frequently observed in ninth-grade and

high-school bilology classes, 1s without justification

and can only be condemned. A more beneficial prac-

1icc. cit., pP.55.
2ipid.



1l
tice is that of having students make diagrams or

sketches to record their observations.l

Meaningless records

A study of the secondary schools of Minnesota by.
2

Hilgers= indicated that in general science the most
commonly used method in recording laboratory work was
having the students answer a series of questions about
the experiment. In biology, chemistry and physics fhe
combination laboratory manual apd workbook was used
most frequently.

The use of the published workbook came into great
favor in the 1930's, Powers3 in an experiment involv-
ing twenty-eight pupils in ninth-grade general science,
found the self-made manual slightly superior to the
commercially published laboratory manual. However,

the difference was not great enough, in view of the

small number of cases, to be reliable.

lioc. cit., p.5b6.

2op. cite.

3Peterson, George W., and Douglass, Harl R.,-
"Published Workbooks versus Pupil-Made Notebooks in
Ninth-Grade General Science." The School Review,
XLIII (October 1935), 609 citing Powers, Stuart C.,
"A Study of the !'Self-made! Pupil Laboratory Manual
versus the Traditional Laboratory Manual.® Unpub-
lished Master's Thesis, Ohio State University, 1931.
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Peterson and Douglassl found littlse demonstrable
difference between the relative efficiency of the work-
book and of the notebook as a device for learning
general sclence in grade unine, although the results
suggest the probable but slight superiority of the
notebook technique.

The important issue is how meaningful to the

student is the workbook or notebook? Some workbooks
use almost exclusively the device of having pupiis
record their observations by fi%ling in blanks with
single words or phrases. Although this practice 1s &an
attempt to lighten the teacher's load it has met wiﬁh
"vigorous and merited criticism."® & poor workbook

may be a hindrance to the teacher rather than a help.-
Lack of Transfer

The meaning of transfer

"Transfer of learning occurs when a
person'!s learning in one situation influences
his learging and performance in other situ-
ations.™

In its broadest meaning, transfer of learning is basic

to the whole idea of schooling. Knowledge is of du-

licc. cit., pp. 612-13.

2Forty-sixth Yearbook, op. cit., p.52.

3Bigge, Morris L., Lsarning Theories For Teachers.
New York: Harper & Row, 1904, p.243.
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bious value unless 1ts possessor is able to recognize
the situations in which to use it and knows how to
use it. Facts, principles and broad understandings
must be made functional in the student®s life or he
and the teacher are, essentially, wasting their time..

However, the abllity to apply facts depends on
one'’s ability to recall them, and this ability deteri-
orates unless the facts are constantly reviewed.
Striking evidence of this high rate of forgetting is
provided by the studies of Tyle.rl and others. The re-
sults of these researches revealed that witihin a year
after high school pupils and college students had com-
pPleted courses in science, they had forgotten as much
as seventy-seven percent of the facts they knew on
completing these courses.

In contrast, however, with the rapid rate of
forgetting of facts is the high degree of retention of
the ability to apply mastered scilentific principles.
These same studies show that while three years after
the end of one course, the studenis had forgotten
about seventy-two percent of the facts, they had gained

fifty-eight percent in their ability to apply principles.

lcurtis, op. cit., p.57 citing Tyler, Ralph W.,
"Permanence of Learning." Journal of Higher Education,
IV (April 1933), 203-0l., and "What High School Pupils
Forget." Educational Research Bulletin, Ohio State
University, IX (November 19, 1930), L490-92.
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A mastvery of sclentific principles and the ability
to apply them in life situations depends on the extent
to which problem-solving is made a real part of the
science tsaching program. Fischlerl observes:

"In the past in our schools, we have
emphasized experimental facts. We have taught
children, as Professor Schwab states, ‘'the
rhetoric of conclusions.! Questions posed to
the children were of the type, 'What is the
name of? What 1s the distance to? How many
electrons? Or, What is the valence of?' It
is time for a change. . . .Questions asked
ought to be of the 'how! or 'why' variety.
Measurement ought to be incorporated and used
wherever possible. Students must understand the
principle before tney can understand its ap-
plication.®
In an effort to determine to what extent problem-

solving takes place 1n the teaching program, Newton?_
made a survey of teacher-made science tests in junior-
high-school general science, on the theory that a
teacher's method cf teaching will be reflected in his
tests. From seventeen public school systems in fifteen
geographically distributed states he tabulated fifty-
seven tests ca the basis of two classes of questions:

(1) those which require the statement of a principle

or fact; (2) those which require an answer arising

lFischler, Abraham S., "Junior High School Science."
School Science and Mathematics, LXIV (January 196L), 23.

2Newton, David E., "The Problem-solving Approach--
Fact or Fancy?" School Sciencé and Mathematics, LXI
(November 1961), 619-22.
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from the application of some principle or from a
process of reasoning. In order to provide a basis
for comparison, a groud of ten textbook company tests
were also surveyed in the same mnaaner,

Results of the survey indicate that both teacher-
Prepared tests and published tests rely heavily on
straight Cfactual, memorization-type questions. Less
than one-fifth of the questions reviewed could con-
ceivably be classed as "thought™ questions,

It 1s most gratifying to rgalize that students
want materilial that is functional rather than merely
factual. Their interest is on "our side." Keislart
exhorts teachers to dispense with attempts to reinforce
study with such things as high markc, cash, trinkets
cr prizes., The excitement of the resolution of a
paradox, or an intriguing question 1s suflicient re-
inforcement. What is more, Keislcr believes that
when students are guided to discover for themselves\the
prineiples that underlie a group of problems, there
is some evidence that they solve rew classes of prob-.

lems more quickly than when they are "simply given

the rule.”

lKeislar, Evan R., "The Learning Process and the
Teaching of Science." Science Teacher, XXIX (December
1962), 21-25.
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Summary

The four-fold prcblem with which svery junlor-
high-school teacher of science wrestl;s‘has been
examined., 1In order to teach effectively, to make
science "matter"™ to his students, he must find a
way to organize a fragmented content into broad, basic
principles and relationships; he must bring every ex-
perimental activity into direct focus with these basic
relationcships; he must devise a method of student-
recording of these principles ahd relationships dis-
covered which is brief but relevant and meacingful;
and he must construct problem-solving experiences
which will develop a mastery of these principles to

the extent that they will be applied in daily living.



CHAPTER II
TEACHING METHODS EMPLOYED

The Problem

The problem of this chapter is to describe a
teaching technique for junior-high-school science that
may remedy the deficiencies iﬁplied in Chapter I.

These deficiencies are: |
l. Fragmented content;
2. Experimentation without focus;
3« Ineffective student recording of activity;

L. Lack of transfer.
Pertinent Content

Selection of basic relationships

The junior-high-school science teacher needs to
accept some criteria for selecting broad principles of
science that will help students understand themselves
and their enviromments, It is on these broad principles
that more specialized concepts may later be built, - The

investigator suggests that the selection be guided with

20
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what he terms a basic relationship.

As applied to science, the term "basic relation-
éhip“ implies a relationship from which the development
of understanding of a specific area,-topic'or concept
of science emerges. Four criteria of a basic relation-
ship were accepted for this study.

l. The relationship should involve a minimum of
factors, yet a maximum of variation when one factor
changes. For example, in this study, the basic rela-
tionship between the sun's rays and the earth's axis
was used. Three factors, the sun, earth and the in-
clination of the earth's axis are involved. As the
inclination of the earth's axis changes with respect
to the sun, the rays of the sun strike the earth at
different angles to the perpendicular and for different
periods of time. This variation within the relationship
between the sun's rays and the earth results in changes
of seasons and length of day and night.

2. The relationship must be demonstrable and
observable in the classroom. Relationships in which
the varying of a factor and the resultant changes could
not be observed directly during the class hour were con-
sidered supplementary rather than basic.

3. The relationship must be one in which changes
observed by the alteration of a factor are evident in

a great number of instances in one's enviromment. For
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example, in comparing bodily structures of insects one
factor, ten or more varieties of wings, would be
observed. Since each type can be illustrated by
several common insects, this structure was considered
appropriate for comparison,

L. The relationship must be one which occurs in
phenomena common to the students! experience.

The basic relationships selected on these criteria
Qere as follows:

I. Biology Unit: The relationship between

phylogenetic groups of animals and plants and the
external structure that is distinctive to each group.

II. Light Unit: The relationship between the

distance of an object (light source) from an aperture,
lens or mirror, and the nature and position of the

image formed.

III. Physical Relationships: The relationship -
between moving objects and their weight and distance
moved (work), their velocity and their acceleration.

IV. Chemical Elements: The relationships among

elements with respect to the proportions in which they
combine, their ionization in compounds, and their: rela-
tive weights,

Ve Earth Science: The rélationship of the

earth and the inclination of its axis tb the direct
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rays of the sun.

Organization of content

The basic relationships just listed were the
focal points for classroom activity. Thus it was
necessary to deviate from the regular textbook presen-
tation. In a series of lessons on light, for example,
the investigator wished to teach the relationships
among the image formed by a convex lens, the object,
and the distance of the object from the lens. JSince
four different images are formed as the distance is

varied, the material was organized into four lessons.
Experimentation as Inquiry

In this study é-legitimate experiment or obser-
vation for junior-high-school students is considered
to be one that involves them actively in discovering
and developing understandings of fundamental principles
and relationships in their environments. Two criteria
for devising experiments--direct experience and

problem=-solving--are implicit in this definition.

Direct experience

In order to enable science students to deal

directly with life, the investigator, whenever possi=-
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ble, brought live animals and plants into the class-
room and also provided opportunity for the students to
observe the reactions between chemicals and selected

experiments in which physical relationships could be

observed directly.

Problem solving

Experimentation as a problem-solving technique
implies direct observations that enable students to
answer the pertinent questions about a phenomenon.
Thus, the experiment or demonstration is a means of
discovering and clarifying the basic relationship that
the junior-high-school student might otherwise not
notice. For example, ‘in learning about the different
proportions of materials in complex molecules, one
decomposition experiment that resulted in liquid or
solid products did not clearly demonstrate decomposi-
tion for junior-high-school students. However, elec-
trolysis of water, a decomposition experiment whose
products are gases, did provide observable evidence of
proportions of the components. Thus, the electrolysis
experiment was used since it provided observable evi-

dence of proportions of components,.
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Effective Student Recording of Activity

For the purpose of this study, the function of
student records was to involve students in anélyzing
data related to the central concept of the_ lesson. In
order to record data about a concept they had to be
aware of the factors to be observed. FFor example, a
basic concept related to refraction of light 1is that
light rays are bent away from the normal when entering
a substance of less optical density. Most students had
observed many common examples of this phenomenon. How-
ever, the drawings made of the light rays as they were
observed helped develop an understanding of the concepte
Records made were expected to be brief and accurate.
These were kept in a notebook and used for review at

the end of the year.
Transfer

The three factors discussed thus far are dependent
on one another. They are also related to the factor of
transfer. Transfer occurs when learning in one situa-
tion facilitates learning in another. Thus, it was
considered essential that students understand sciénce
concepts sufficiently well to enable them to identify
situations in which the concepts applye. |

No particular position of a lesson can be isolated



26
and identified as "accomplishing transfer." In some
cases, transfer may be accomplished by timely selec-
tion of content. For example, the identification of
evergreens was presented just before Christmas. In
other cases it may be accomplished by pointing out the
significance of a concept to some related area of 1life,
for example the application of relative welghts to the
quantity of a toxic or potent drug found in the home.
However, it was considered necessary to stay within the
perimeter of the students'! experience if transfer was
to occur.

Tests indicated, to some extent, the degree tou

which transfer had taken place. Fischlerl

states that
a mastery of scientific principles and the ability to
apply them in life situations depends on the extent to
which problem-solving is made a real part of the
science program. Therefore, tests employed in this

study required students to apply principles rather

than recall details.
Development of Teaching Units

The four basic criteria just described were used

to develop five experimental units for use with the

lop. cit,
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investigator'!s seventh-grade general science students.
One of these units follows; copies of the others
appear in the appendix.

The units prepared were taught during the school
year 1965-66. The insect unit presented in the text. .
was taught in the fall when live insects were plenti-
ful. Monocotyledonous flowers were studied in the
late spring when they were available for observation
in the classroom. The winter solstice was chosen as
the most feasible time to present earth-sun relation-
ships, since the greatest difference between the times
of day and night (during the school year) exists at
that time.

For each unit the general type of experimenta-
tion and student record is explained, together with a
broad outline of the unit, and specific lessons 1il-
lustrating the methods used in the unit. In each
case the basic relationship for the lesson is stated;
the specific experiment or demonstration is explained;
and an example of the student record is included. Note
that each student activity is a record of direct ob-
servation or experimentation. Suggestions regarding

application conclude each lesson.
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A Unit In Biological Structural Relationships

The basic relationship of this unit is a distinc-
tive superficial structure of a group of planté or
animals, compared to that same structure in other plants
or animals. This serves to introduce elementary tax-
onomy and comparative anatomy.

Slide projection is the basic technique for di-
rect observation of these structures. Most of the
structures can be mounted on an ordinary microscope
slide with transparent tape, placed in a clear plastic
envelope and inserted into a filmstrip projector in
the place designed for 35 mm. slides. Structures too
large for projecting can be directly examined by each
individual student.

The student's record of what he has observed in-
volves a sketch of the structure, illustrating the
origin of the scientific name.

Application of this to past experience allows the
student to systematize his knowledge of living things
and acquaints him with their most interesting struc-

A\

tures.
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Organization of Biology Unit

Living plants and
aninals

I. Plant Groups
A. Seedless plants

B. Seed plants

l. Naked seed plants
2. Single seed plants
3. Double seed plants

II. Animal Groups

A. No skeleton
B. External skeleton
l. Insects
2. Spiders
3. Cray fish
L. Millipedes
Ce Internal skeleton
l., Fish
2. Amphibians
3. Reptiles
L. Birds
5. Mammals

Comparative
structures

seeds

principal parts
seeds
cones,
flowers
flowers, fruits

needles

skeleton

body

number of walking legs
wings

eye pattern

leg type

legs per body segment
appendages

fins

body

scales

beak, feet

teeth, feet
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Comparison of insect wings (sample lesson)

A comparison of insect wings from the more com-
mon orders shows a basic structural relationship be-
tween these animals. The wings of a box elder bug
mounted on a microscope slide with transparent tape may
be used to represent the technique. Placed in a slide
projector, these are projected on the wall for direct
observation. The division of the fore wing into two
distinct texturess, leathery and membranous, is the sig-
nificant taxonomic péint of interest and also explains
why the true bugs are named Hemiptera (half-wing).

Recording the observation requires the use of
sketching to indicate (1) the size of the structure,
(2) comparison of textures, (3) color and (h) label-
ing of the significant structure and the animal from
which it came.

This experience in comparison may lead the stu-
dent to interest in the major groups of bugs or to a
bug collection.

The series of lessons on insects may be organized

as follows.



Organization of lessons on insects

T
2fe
3.
Lo
Se
6.
T

8.
S.
10.
1l.

Wing type

Wings scaly

Wings straight
Wings laced

Wings sheathed
Wings membranous (2)
Wings membranous (L)

Wings leathery and
membranous

Wings uniform
Wings equal
Wings unequal

Wingless

Order

Lepidoptera
Orthoptera
Neuroptera
Coleoptera
Diptera

Hymenoptera

Hemiptera
Homoptera
Isoptera
Anisoptera

Siphonoptera

3L

Example

Butterfly

Cockroach

Laced wing fly

Beetle
Fly

Bee

Bug
Cicada
Termite
Dragonfly

Dog flea
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Comparison of monocot flowers (sample lesson)

The flowers of monocotyledonous plants display
clear structural relationships. By comparing fhe
principal types of flowers, a distinctive structure of
most cormmon orde}s is observed.

The distinctive structure of the lily order may be
observed by mounting the ovary and stamens of a tulip on
a microscope slide. Projected on a wall or screen, this
provides the basis for a cross-sectiopal sketch of the
tulip. The sketch is simplified by representing the pet-
als and sepals with a single line. Construction of this
requires understanding of the position of a superior
ovary. Students are interested to discover that these
same characteristics are found in the flowers of common
garden plants such as the onion, garlic and asparagus,

as well as the familiar Easter 1lily and the hyacinth.

Organization of lessons on monocot flowers

Distinctive structure Order Example

l. Flower-superior ovary Liliales Tulip
6 stamens

2. Flower-inferior ovary Iridales Irises

6 stamens
3. Flower-inferior ovary Orchidales Orchids
1l or 2 stamens

L. Flower-mounted on Graminales Grasses
fibrous spike

5. Flower-mounted on Pandanales Cat-tails
fleshy spike

6. Flower-mounted on Arales Jack-in-the-

spadix Pulpit



3k

4
\

- 8% Stamens) i\ |
R\

Fie. &
TDLtF | FloweR



CHAPTER III
TESTING METHODS EMPLOYED

The Problem

The problem of this chapter is to describe (1) the -
groups under study and (2) the methods used in measuring
the achievement in general science of the experimental

and control groups.
The Experimental Group

The study was conducted in one of two junior high
schools in a northern Illinois city with a population
of approximately 26,000. The city is highly indus-
trialized, attracting many people of the laboring class.
There is also a.large segment of middle class business
and professional men and a large Negro popﬁlation. The
students, therefore, come from a heterogeneous back-
ground.

Of the eight hundred students who attend this
junior high school, approximately 20 percent are Negro.

Many pupils travel to and from school on busses.

35
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The experimental group consists of six sectilonms

of seventh-grade students, totaling 123 students. Thfee
of these sections are so-called "bright" or "average"
pupils; three sections are considered to be '"slow learn-
ers."” Most of the students in the group have been
together in this school system throughout their grade-
school years. Hence their science backgrounds are
similar. Prior tO the seventh grade, they had used the

Macmillan Science-Life Series for three years.
The Control Group

In order to compare the results obtained with the
experimental group, a control group was used and admin-
istered the same test,

The control group was composed of t?e remaining -
five sections of the seventh-grade general-science
classes and consisted of ninety-seven students. Their
backgrounds were similar to those of the test group.
Like the experimental group, these students consisted
of "bright," "average" and "slow learners." Their pre-
vious training in science was similar,

Data concerning the levels of intelligence of the

students in both groups are fourd in Table I.



TABLE I

PERCENTILE RANKS OF THE SCORES ON TOTAL MENTAL

FACTORS ON THE CALIFORNIA TESTS OF MENTAL MATURITY

Experimental Group

Control Group

Ranges Fre-~ Per- Ranges Fre- Per-
of Per- quency cent of Per- quency cent
centiles centiles
91 - 100 2L 19.83 91 - 100 1, .43
8l - 90 19 15.70 8l - 90 15 15.46
71 - 80| 18 14.88 | 71 - 80 1% A3
61 - 70 JL 9.09 61 - 70 .25
51 - 60 16 13,22 51 - 60 8 8.25
41 - 50 8 6.61 | 41 - 50 9 9.28
31 - 40 12 9.91 31 - 40 9 9.28
21 - 30 L 3.31 21 - 30 5 515
11 - 20 L 3.31 11 - 20 10 10.31

0 - 10 5 4.13 0~ 10 5 515

Teble I shows that the scores of 72.72 percent of

the experimental group lie above the fiftieth percen-

tile whereas 60.82 percent of those of the control

group are in that range.

The basic text used by both the experimental and

The Learning Program

37

control groups was Living Things by Holt, Rinehart and

Winston, and an unpublished syllabus used in the scgool

system, "Science and the Science Student,"

under the direction of Harold Hungerford.

prepared
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The experimental group used the five units
described earlier in this study. The following typical
lesson illustrates the teaching technique that was used
with the experimental group.

The goals of this lesson are to (1) observe the
structures that are used to classify an insect as a fly,
(2) observe other unique structures of the fly, and |
(3) recognize the relationship of the fly to man's wele
fare.

The class began with the reading of the appropriate
pages in the text introducing the topic of-the lesson.
Several live flies were then captured for observation
later in the class period.

The membranous wings of a fly, mounted on a micro=-
scope slide, were projected on a screen, observed, and
recorded individually my means of sketches. It was
noted that any insect with two membranous wings belongs
to the fly order, Diptera. Students were encouraged
to recall other examples of insects that have two mem-
branous wings. These were listed with the sketches of
the membranous wings of the fly as insects that have
this type of wing.

The live flies that the students captured were
then placed in glass tubes and observed under the binoc-

ulars, Each student was given an opportunity to
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observe the compound eyes, mucous mouth parts, wing
stubs and feet pads. The significance of these struc-
tures to the survivcl of the fly was discussed.

A short classroom film entitled; "The.House Fly"
was used to show how many of these same structures make
the fly detrimental to man's welfare.

The control group, taught by a different instruc-
tor, received lessons in order of the sequence in the
textbook. A descriptive lecture method of presentation
was used, with occasional direct observation of natural
phenocmena. Student records required were written

reports.,
The Achievement Test

In order to select an appropriate measuring device
of the results of the investigation, a survey of avail-
able standardized tests for seventh-grade science was
made. Since none of them seemed entirely suitable, it
was decided to use an experimental test published by
the Scholastic Testing Service, Bensenville, Illinois.
This test is easily administered with a sixty-minute
period and may be hand-scored with the aid of a scoring
stencil.

The test, which has two forms, is composed of

five-choice multiple-choice items and is divided into
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two parts. The first form is designed for students

in the fourth through sixth grades. The first items

are designed to test familiarity with facts and prin-
ciples. The second items require responses to problems
or anecdotes, thus testing problem-solving abilities.
The second form is designed for grades six through nine
and consists of the same two types of items. Both of
these experimental forms were counsolidated into one

test for the purposes of this study to provide measure-

ments for a broad range of achievement.
The Administration of the Test

The test was administered to both groups at the
beginning of the first semester of the seventh grade
year, in the same room, proctored by the author. An
exception was a very slow-learning class, part of the
experimental group, which was tested alone.

The test was administered in two sessions, cover-
ing two days. The less difficult section (designed for
grades L-6) was administered first. The more difficult
section was administered the second day. Students were
able to complete the test in almost all cases. At each
session assurance was given that this test would not
affect the students! gfades. A copy of the test 1is

found in the Appendix.



41

At the end of the second semester the test was
administered to both experimental and control groups.
The same procedure was followed, and students .were
agaiu assured that the results of the test would not

affect their grades.



CHAPTER IV

ANALYSIS OF THE SCORES ON THE SCIENCE

ACHIEVEMENT TEST
The Problem

The problem of this chapter is to (1) tabulate
the data obtained in the study and to (2) analyze the

data with appropriate statistical technigues.
Raw Data

As stated in Chapter III, an experimental science
test was administered at the beginning of the first se-
mester of the seveuiiL grade to both experimental and con-
trol groups, and again at the end of the second semester.

The raw scores for both groups oﬁ the ére- and post-
test appear in Table II, together with the intelligence
quotient for each student. The I.Q. was derived from the

total raw scores from the language and non-language

scores on the California Tests of Mental Maturity ad-

ministered in the sixth grade.
The data were prograrmmed for the IBM 1620 com=-
puter system at Western Michigan University for an

analysis of covariance weighted for I.Q.

)



TABLE II

INTELLIGENCE QUOTIENTS AND RAW SCORES ON SCIENCE TEST

OF TEE =EXPERIMENTAL AND CONTROL GROUPS

43

Test I.Qe | Pre- Post- Control | I.Q.| Pre- | Post-
Group Test Test Group Test | Test
A 120 53 67 Al 12l 67 yn
B 106 36 12 B! 91 Ly 55
C 152 88 10l ct 90 43 46
D 11l 46 52 D! 90 36 y2
E 136 56 75 E! 112 L8 75
F 103 55 59 Bl 79 L6 28
G 90 30 Ll G! 121 63 89
H 107 51 71 Ht 92 e 58
I 108 70 78 I 131 70 73
J 118 gn 91 g 119 53 66
K 115 68 8L K! 78 36 31
L 110 | 35 L6 Lt 90 | 4O | 43
M 120 71 76 Mt 119 45 66
N 126 e 65 Nt 100 25 40
0 g2 30 45 o 102 61 | 60
P 131 60 3n P! 123.| 55 69
Q 11 | 43 55 Q! 118 | 54 | 59
R’ 93 68 66 R? 110 36 L5




TABLE II (Cont.)

Test I.Q. ! Pre-. Post- Control}| I.Q.| Pre-| Post-
Group Test Test Group Test | Test
S 99 L7 59 St 11, | Lo 59
T 113 56 63 el 83 45 L5
U 128 6l 87 Ut 101 38 71
v o | 33 Iy v w04 | 33| 53
W | 106 W7 16 W |11y o4 67
96 ‘52 sL Xt 97 37 43
Y 132 60 62 Y 14l 63 87
115 59 65 Z! 1,7 71 83
AA 116 55 | ¢ AAT 97 30 35
BB 112 63 6L BB! 97 34 31
cC 115 L9 68 cct 101 50 55
DD 109 L5 56 DD! 105 56 57
EE oL 27 29 EE! 86 34 | Lo
FF 110 42 6l FF! 121 49 65
GG 100 32 3L GG? 151 77 8L
EH 100 37 Lo HH! 127 L5 56
iI 113 L1 57 11! 8l 33 L2
6] 103 30 41 JJe 120 53 ‘56
XK 96 37 39 KK!* 93 4o L2
LL 79 22 L5 LL! 109 29 56




TABLE II (Cont.)

L5

i
I.Q.

| Control

‘Pre-

Test Pre- | Post- I.Q. Post-
Group | Test | Test Group Test | Test
MM 87 36 2l M ! 128 Il 51
NX 125 Tl 91 NN'! o4 |, 34 | S5
00 99 39 32 00! 88 29 56
PP 106 52 55 PP? 113 L3 53
QR 107 37 4o QQ! 110 37 62
AR 117 50 62 RR! 133 62 70
SS ‘96 61 68 SSt 110 53 63
iy 101 50 sl TP 115 57 82
Uy 123 | 60 83 v l122 | s7 | 83
vV 111 L3 52 vV 100 55 63
WW 98 31 37 Ww? 111 33 L3
XX 127 18 55 XX? 111 36 35
YY 104 35 55 Vo'dl 102 39 | 57
27 119 43 51 vAA 103 53 51
AAA 102 43 ‘31 AAA® oL 37 59
BBB 11, 38 L6 BBB! 11, | 51 76
cce 105 38 60 ccet 122 18 62
DDD 105 36 L3 DDD* 100 27 '35
EEE 118 L2 52 EEE* 89 39 4l
FFF 126 43 62 FFF! 119 3L 55




TABLE II (Cont.)

Test | I.Q.?I Pre- | Post- Control| I.Q. Pre'- Post-
Group ; Test Test Group - | Test| Test
GGG 12l | 51 73 GGG! 118 52 66
HHH 88 L1 { 35 HHH! 113 37 36
I1I 118 26 Ll III! 97 33 45
333 | 128 | 69 | T1 JII 105 | L7 | 65
kxk | 117 u3 5L KKK 92 | 26 | 27
LLL 136 36 57 | LLLY 115 Ll Ll
MMM 107 L5 52 MM ? 77 16 L3
NNN 125 i 37 | 59 NNN'! 115 L5 57
000 | 109 i 52 | 70 ooo' | 113 | 35| 61
PPP | 114 | 38 | =1 PPt | 129 | L7 | L9
QAR 134 L1 | 53 QRR! 124 67 70
RRR 110 61 65 RRR! 121 61 63
SSS 107 35 53 SREL 111 65 68
TTT 122 39 56 TTT! 91 38 52
UuU 145 88 99 - Uuu 105 29 L5
VvV 136 L6 68 AAA 102 23 36
WWW 130 63 85 WWw ! 126 58| 1
XXX 119 65 72 XXX1 125 78 8l
vyv | 108 Lé 50 YYy! 133 56| 68
222 138 L8 57 2221 92 | 43
AZAA 95 37 51 AAAATY| 127 68 81




TABLE II (Cont.)

L7

Control

Test I.Q. | Pre- Post- I.Q.| Pre-| Post-
Group Test Test Group Test | Test
B3BB | 94 | 35 235 BBBB! | 114 | 4O | 64
geee 99 Sh 65 cceer |k 81 83
DDDD | 111 36 42 DDDD* | 11l 43 50
EEEE | 14l 52 47 EEEE' | 116 3N (n
FFFF | 112 50 68 FFFF!' | 103 30 37
GGGG | 123 55 58 GGGG* | 109 | 29 | 53
HEHH | 108 49 6L HHEH!' 89 33 39
IIII | 126 34 Ly IIITY 95 L0 57
SIS 96 46 51 Sk ios 36 52
XKKK | 109 33 40 KKXK' | 130 60 71
LLLL | 114 | 42 49 LLLL' | 112 25 41
MMMM 79 38 35 MMMM* | 100 Lo | 51
NWNN | 117 39 72 NNNN't 82 32 38
0000 | 117 70 76 0000 85 22 29
PPPP | 122 34 140 PPPP! 93 140 33
QRRQ | 116 50 63 QRRR! 98 32 33
RRRR | 101 31 10 ~ RRRR! | 109 68 75
SSss | 119 i 51 SSSst 62 31 '29
TTTT | 131 81 97

wouy | 136 | 88 | 96

vVvv | 124 83 88




TABLE II (Cont.)
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1,
|

Control

Test I.Qe. | Pre~ Post- I.Q. | Pre-{ Post-
Group Test Test - Group Test | Test
WWWW 93 37 22

XXX | 104 19 L3

YYYy | 128 Sk 65

ZZZZ |} 121 67 70

AAAAA| 10L 27 Sl

33BBB | 148 56 79

CCcCcCC | 125 63 . 70

DDDDD | 85 32 L1

EEEEE| 82 ;0 20

FFFFF|{ 85 | 43 35

GGGGG | 11l 52 53 )
HHHEH | 111 Lh 61

ITIII 88 24 38

J3J33| 99 L6 6l

XKKKK | 118 55 70

LLLLL| 101 61 62

MMMMM 96 26 30

NNNKN| 76 2l 30

00000| 139 36 55

PPPPP| 102 32 39

QQRRQ| 105 41 L5
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Analysis of the Test Scores

Table III swmmarizes the gains for the experi-
mental and control groups. roxr the experimentél group

the gain was 9.18 pointe and for the control group,

11.22 pointse.

TABLE III
SUMMARY OF GAINS ON THE SCIENCE

ACHIEVEMENT TEST

Group Mean on Mean on Mean
Pre-test Post-test Difference
Experi- L7.04 56.22 9.18
mental
Control L .51 55.73 11.22

The sigrificance of the difference between the
mean gains of the two groups was calculated by an
analysis of covariancé. From this calculation the "F"
value was found to be 2.9718 which fails to indicate
the difference is significant at the five percent

level. The summary of these calculations is found

in Table IV,



SUMMARY OF ANALYSIS

TABLE IV

OF COVARIANCE

50

Source of Varlation at Mean Square F
Between groups 1 191.9160
Within groups 216 6lL..5775 2.9718

Total

217




CHAPTER V

SUMMARY , CONCLUSIONS AND RECOMMENDATIONS
The' Problem

The problem of this study was to determine how
effective a suggested technique for teaching general
science to junior-high-school students might be as

compared with the traditional method.
Techniques Employed

The study was carried on with the seventh-grade
classes in a junior high school in northeastern Illinois.
Six sections of students (one-hundred twenty-three
students), taught by the investigator, were desig-
nated the experimental group. The other five sections
(ninety-seven students), taught by another instructor,
made up the control group. Both groups were adminis-
tered an experimental science achievement-test at the
beginning of the seventh grade and again at the end of
the second semester.

During the school year, the experimental group
was taught the five science units in the manner de-

scribed in Chapter II. A sample lesson illustrating

51
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the application of this technique appears in Chapter III.

The control group was taught by the traditional text-
book method.

Because of differences in intelligence between
the two groups, the significances of the difference
between the mean gains of the two groups was computed
by means of an analysis of covariance. The weighting

factor was the I.Q. scores obtained by the students on

the California Tests of Mental Maturity.

Conclusions

In so far as the techniques used in this study may
be valid, the following conclusions seem justified:

l. An analysis of covariance was used to compen=-
sate for the difference in intelligence between the

two groups as indicated by the scores on the California

Tests of Mental Maturity.

2. The mean gain in the total scores of the con-
trol group was 2.04 points higher than the mean gain in
the total scores for the experimental group. However,
the difference was not statistically significant. Hence,
it cannot be assumed that the control group had greater
achievement in seventh-grade general science than the

experimental group.



53

3. From the conclusion just stated, it seems
reasonable to assume that the experimental technique
for teaching general science suggested in this study
does not produce a greater gain in achievement in
gensral science than the traditional method used wiu:

the control group.
Recommendations

In so far as the conclusions in this.study are
valid, the following recommendations are offered:

l. Although the experimental teaching technique
did not prove to be particularly effective in this
study, it 1s suggested that the technique should be
reviewed to determine whether certain modifications
might not be made in its classroom application.

2. It is recommended that, in view of the fact
that the test used was designed as a general measure
for general science, some other testing technigue,
oriented toward the experimental effort attempted here
might be used, 1f such a test becomes avallable.

3 In order to eliminate the personality variabie
involved in having a different instructor for the con-
trol group, it is recommended that in another study
some design be used for weighting the effect of dif-

ferent instructors.
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Appendix

A Unit In Relatlionships of Light To Image Formation

Image formation related to the fundamentai laws
of light provides the basis for the concept in this
unit. A clecar light bulb filament of V shape (Westing-
nhouse 200 watt) is used as the object for real images
Za the basic experiment. Almost any object may be used
for virtual imagese.

Light ray diagrams constructed by the students
provide tangible evidence of how the image is formed.
Real light rays are represented by solid line seg-
ments, virtual n.:c by dotted lines. The amount of
geometry applied may be vearied according to the back-
ground and abilities of the class., Materials for
this actvlvity consist only of a compass, ruler, pen=-
cil and plain white paper. -

Application of these principles may lead to
further experimentation such as the construction of
a microscope or telescope from two convex lenses or
a camera from a cardboard box, lens and photographic
printing paper. Organization of unit lessons is

shown in the following outline.



Organization of a unit on light

I. Aperturs images
II. Plane surface images
A, Reflective images--mirrors
B. Refractive images--lenses
ITI. Curved surface images
A. Reflective images--mirrors
1. Concave
2. Convex
B. Refractive images--lenses
1. Concave

2. Convex

58
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Aperture image

The lignt rays reflected from an object to form
an image in a single medium wili serve to introduce the
facts that (1) light rays travel in a straight line,
(2) light rays can be ;een only when they are reflec-
ted from an object, and (3) the image is inverted. An
experiment to illustrate these characteristics con-
sists of a filament from a clear light bulb as the
object, a small hole in the bottom of a box as the
aperture and the ceiling as the screen. The student
represents the partition by a straight line, the
aperture by a break in that line at the center. The
light rays from the object are constructed from the
extremities of the object to form an inverted, real
images. This construction provides a visual aid in
understanding these taree rfactors of light ray be-

havior,
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Plane surface reflsctive images

The relationship of rzflected light rays to a
plane reflective suriace may be illustrated b& the
image formed in a plane mirror. A beam.of light
from a flashlight or slide projector is used as the
light source or object. Reflected from ; plane mirror
at an angle, the angle of incidence can be observed to
be equal to the angle of reflection.

Trhe student represents the mirror with a straight
line and the reflected light rays by line segments.

By copying the angle of reflection from the angle of
incidence for each light ray, he makes a tangible
representation of the law of reflection. These re-
flected light reys, extended beyond the mirror as
dotted lines (virtual light rays), form the comparable
_points of the image. |

Students are encouraged to discover applications -
of this principle such as the periscope, galvounometer
and ordinary dressér mirrors. Later this same prin-

ciple will form the basis for the construction of all

images formed by curved mirrors,
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Plane surface refractive images

The relationship of refracted light rays to a
change in optical density can be illustrated b& the
image formed by light rays rerlected from an object
under water. If an object is placed on the bottom of
an aquarium filled with water, the image is seen
about one-~fourth of the depth from the bottom. It
will be observed that light rays are bent away from
the normal when leaving the water and toward the
norrmal when entering tne watere.

An understanding of this basic law of refraction
ié required in order for the student to record what he
has observed. With a rectangle to represent the
aquarium and a point soufce for the object, he must
then éonstruct line segments representing the re-
fracted light rays. His drawing will make clear why
a swimning pool éppears to be more shallow than it is;
lthus necessitating the labeling of depth as a safety

precaution,
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Curved surface reflective images

Light rays reflected from an object to a curved
reflective surface may pe used to show’how,imaées are
formed by the law of reflection. This can be demon-~
strated by plaqing a clear light bulb filament be-
tween the focal poins and center of curvature of a
concave mirror, projecting the image on a wall of the
class room. An enlarged, inverted, real image is
observed by the class.

The concave mirror can be diagrammatically re-r
presented by an arc whose chord is perpendicular to
2 horizontal line, the principal axis. The reflection
of the light ray parallel to the principal axis from
a given point on the object 1s shown to be following
the law of reflection by constructing a normal to the
curved mirror at the point where the light ray strikes
the curved mirror. The angle of incidence is thué con=-
structed and the angle of reflection copied. The sec-
ond lignt ray is represented as the normal, intersect-
ing the first to produce the comparable point of the
object on the image. An 1lmage analysis correlates the
experiment with the construction. |

The reflective telescope is a notable application
of this principle. Projectors, microscopes and dresser
mirrors are other examples of the use made of curvéd

mirrors.,



66

Organization of curved surface reflective images

.

l. Concave mirrors

Qe
be

Ce

d.

1

Objece Uiy ond cencter cf curvature
Object at the center of curvature

Object tetween the center of curvature
and the focal point

Cbject between the focal point and the
mirror

2 Convex nirror
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Curved surface refractive images

The image forimed by iight rays reflected from an
object througn & curved lens will illustrate the re-
lationzlip belwssen vhc law cf refrection and images
formed by lenses. Place the filament of a clear light
Eulb at the center of curvature of a convex lens and
project the image onto a screen. A real, iunverted
image is observed by the class,

For the student record the convex lens is dia-
grammatically rcpresented ty two arcs whose common
chord is a perpendicular bisector of a horizontal line,
the principal exis. An understanding of the law of
refraction is reguired in order to construct the line
segments which represent light rays as they enter and
leave the surface of the lens at an angle to the normal
(a line segment from the center of curvature of the
lens to the point where the light ray parallel to the
princival aexis of thé lens strikes the lens surface).
The law of refraction is illustrated by the light ray
bending toward the normal as it enters the lens and
away from the normal as it leaves the lens, thus pass-
through the focal point, The second lignt ray is con-
structed to the center of the lens as.a straight line

segment. By the convergence of these two light rays

2 comparable point on the image is formed. The prin-
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cipal axis may be used to represent the formation of
the other extremity. An image analysis correlates the
experiment and the student activity.
Tnls type imsge is used in reproductive pro-
cesses where a real image identical to the object is

desired,

Organization of cuvrved surface refractive images

l. Convex lens
a. Object beyond center of curvature
b. Object at center of curvature

ce Object between center of curvature and
the focal point

d. Object bstween the focal point and the lens

2. Concave lens
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A Unit In Motion Relationships

The relationship of motion to objects.intro-
duces the physical concepts of velocity, powef and
acceleration. Each of these relationships will be
cemonstrated or experienced experimentélly. The
materials necessary for these experiment; are a stop
watch and a variety of objects in motion. Before the
experiment is begun, the procedure for solving the
probliem algebraically is outlined. Each student rep-
. resents the problem diegrammaitlcally and solves it
individually, using that system of mathematics which
he prefers (fractions, decimals, etc.). He then makes
a mathematical record of the demonstrated experiment.

Applications cf the principles studied in this
unit enable pupils to understand many of the basic
motion phenomena of the physical universe. Tﬁe préac-
tical nature of the experiments and student involve- -
ment in them help to malke pupils aware of areas in

which these principles apply in their dail& life.

Orgenization of a unit in physical relationships

l. Speed . « ¢« ¢« . o Linear
Circular

2. Work. « . « «+ . « Work quantity
Work timed

3. Acceleration. . o Linear
Circular

7L
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Uniform svecd

m

Disteance &and time relaiicnships serve as an in-
teresting basis for a study of uniform speed.. A
typical experiment mighv consist of producing a sharp
sound at the end of a long corridor. With the lengthl
of the hall and the speed of sound given, the time
interval between the source and echo sounds can be
observed. Then the interval may be checked experi-
mentally by measuring thes time with a stop watch.

Fach student shows tangible record of ths rela-
tionship by his mathematical prediction of the re-
sults. The long distance traveled in a short time
helps to clarify the relationship of speed to dis-
tarce traveled. Application of this speed to jet
plenes and rockets and the consequent necessity of

instrument flying could be pursued.

Orgenization of uniform snsed

Linear Uniform Speed

. Speed S=D2+T Ball throw

Distance D Sx T Battery-driven toy car
Time T=D=2+3S Sound echo

Circular Uniform Speed

Speed S = D ¢ T Earth's surface speed
Distance D=3S,xT Parth's revolution distance

Time T =D x Sc Moonis revolution of earth time
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Work

Distance, weight and time relationships are
studied to understand the phyzical meaning of work and
power. A student contest of speed in ciimbing a stailr-
case may serve as an experiment in time rate of doing.
werk. The procedurs is outlined with th; students
and the data filled in as the information is obtained.
With the vertlcal height of the staircase and the
student s weight recorded, e tnen measures the
climbing time, FEach stvdent may use his own time or
the snortest time attained by a class member,

This concept helps pupils understand the relation-

ship betwsen the weight of any vehicle and its power.

Orgenization of work

Work Quantity

Work Wk = Wt x D Student climbing
Weight WS

Ii
=
N:
re

D 1 : It pulley system

Distance D =Wk + wt Inclined plane

I

Work Timed

Power P= (Wt x D) «#«T Student climb timed
Work Wg = 27 Reated motor in operation
Time T =Wk ¢ 2 Rated rocket with given

weight and altitude
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Uniform acceleration

The relationship between uniform change in speed
and direction form the basis for understanding-uni-
form accelgration. A variety of objects may be used
Lor observation of acceleration relationshipse. If a
tucket of water is swung overhead with sufficient
accgleration--greater than gravity—-the'water will
rermain 1n the bucket. Before a student does this,
the radius (the stu&ent’s arm To the cenéer of
gravity of the bucket) is recorded by each person.
As the bucket is swung, the time for one swing is
recordeds, From this the velocity is calculated and
then the acceleratioq. A circular acceleration
graph may be required of the student.to make the
concept more tangible. The mathematical procedure
aids in organization of the experiméntal facts.

This prinéiple enables students to understand
our acceleration due to the earth's rotation and
revolution as well as the planetary system in

general.
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Orgzznization of uniform acceleration

\
\

Uniform Linear Acceleration

Acceleration A = 2D = 72 Gravity (freely falling

object )
Distance D = AT@ < 2 Vertical ball throw
Tinme T =4¢2D & A Freely falling object

from a given height

Uniform Circular Acceleration

Acceleration & = V2 > R Small bucket of water
swung vertically

Velocity V =VA R Maximum speed on circu-
lar student run

Radius R = ¥2: A, Minimum radius for cir-
cular student spsed
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A Unit In Chemical Relationships of the Elements

The more common elemeants reveal chemical and
physical relationships when grouped according to the
nunber of electrons in the valence orvlt of the atoms.

Observation of physical conditions and of chem-~
ical activity of the elements will be the basic experi-.
mentation. The student activiiy will be the geometric
construction of an atom of an element from each chemi=-
cal group. Valence 1s 1llustrated by the number of
glectrons in the outer orbit, atomic number by posi-
tive particles in the center, and atomic weight by
the sum total of neutral and positive paﬁticles in the
center circle of the diagram.

Application of the principles illustrated will
enable the students to distinguish between the chemical
and physical meaning of metal. The students also see
that chemical activity is dependent on two things:
the number of valence electrons and the affinity of
the nucleus for thoss electrons. With these principles
they can explain phenomena which they have observed,
establishing a foundation to which they may relate their
present knowlecdge of elements, and upon which furfher

concepts may be built,



80

Organization of chemical relationships of the elements

l, Combining re¢laticnships
2¢ ZIonic rolaticnships

3. Weizht relationships

Combining relationships

The ratio ¢f combined atoms in compounds pro-
vides evidence of valcuce in atoms, and illustrates
the law cf combiﬁing proportious for molecules of
compounds s

Decomposition of water by electrolysis into
oxygen and hydrogen atoms irn & ratio of one to two
can be observed directiy, since both procducts are
gases and the number of atoms in each is directly
proportional to the volume of each product. In ad-
dition to this, it can be observed that the oxygen
atoms zsre liberated &«i the positive pole, thus having
a negative valence and the hydrogen atoms are liber-
ated at the negative pole, thus having a positive
valeunce.

The valences of these two products are then re-
lated to the valence of elements in all the other.
chemical groups. This relationship 1s shown in the

following outlines
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Organization of combining relationships

Chemical Combining Experiment
Group Reletionships .
I Na + I, Ha + HZO - NaOH + H2
iz Mg + 0, 2Mg + 0o, - 2MgO
11T Al + 0, LAY + 30, ~ 2./1.].203
Iv ¢ + 0p C + 0, = COp
VI S+02 S+02—> 802
VIt CiL + Iy 2C1 + 2H20—>— LHEC1l + O2

VIIT He + Ne Inert
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Tonic relationshins

ct

The relationchip of atoms & he gain or loss

Q

of electrcens can bec demonstrated by common chémical re-
&8cvi0nsS. The experiment consists of common chemical
reactions which are of economic importance and whose
funcitlon depsnds upon ions from each chemical group,.

The hypothesis of lonization would require the
cresence of positive particles, protons, in the atoms.
Trese are gecmctricalily constructed, equal in number
to the nwiber of electrons, in the nucleus of the rep-
resentative atoms (I-VIII). The atom thus diagrammed
corresponds to the ions formed in the experiment.
Additioan cf tke common inorganic radicals will com=-
vlete an introduction to the common ions,.

Application of this relationship will facilitate
an understanding of compounds (combining proportions),
solubility (ionization), and fundsmental atomic struc-
turs (atomic number).

In the following outline & concise organization
of lonic relationships-is presented. Experiments have
been chosen to i1llustrate the variations in electron
gain and lcss, introducing the concepts of atomic‘

nunber and radicals,
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Organization of ionic relationships

Group Sclution Use
I NHACl Diry cell
II PbS0O; Auto
battsry
ITI Al(OH)3 Water pur-
ification
iv
\'s H.20 Fertilizer
374
VI cCa(0H), ~Plaster
VII HC1 Water
oxygen-
asor
VIII Neon Neon
gas light

Experiment Ion
720 —- Zntt + 2e”

SNEH| + 26 —~ 2NHy + Hp NH©

Pb — Pb*tT + 26~

ot o+ SOL:—;-PbSO, Pbt+
&

2A17F 4 3304= =5 3Ca(OH)2—>

2Al(OH)3 +3Caso) T R

Non-ionic

CaB(PO;_!_)2 + 3H280u_>

687 + 2(POL|_)“ + 3CasoLL POl,r-"-'

Ca(OH)2 + COa-—?

\ oo = =
Ca + 003 + H20 CO3
3Y + 4C1T + 0, c1™

Inert conductor
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Weight relationships

A compairison in weight of atoms from the common
clecments will serve +o inirccduce the rélationship of
relative weight ©to gquantitative measureﬁent. Comparing
the weight of a golf ball (heavy atom) with ping pong;
balls (iight atoms) serves to make this relationship
tangible. The number of ping pong balls will cor=-
respond to the atomlec weight of the golf ball. With
this introduction the students understand Avegadro's
Nurber as &pplied to gram atomic weights, Common
elements may be used in measuring or weighing pre-
scribed numbers cf atoms.

The additional mass roequired by relative weights
cen now be added %o the geometric diagram of each
tyve atom. These particles (neutrons) are placed in
the nucleus, equal in zumber to the difference between
the atomic number and the atomic weighto.

These principles introduce concepts that open
an understanding of elementary quantitativé analysis
with interesting applications in pharmacy, medical
prescriptions, end micro-techniques. Relationship
between elements and gram atomic weights is shown

in the following cutline of this series of lessons.



Crganization of weight relationships

IZ Mercury
AlumiInum
IV Lead

V - Nitrogen
VI Sulfur
Todine

Neon

e Gram atomic weight

LAmorphous
Amorphous

Gas

11.2 liters at S.T.P.
.9 ccs.

26.98 grams

207.21 grams

11.2 liters at S.T.P.
32 grans

126.9 grams

11.2 liters at S.T.Pe
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A Unit In Zarth-Sun Relationships

The iInclinatic: c¢f The serth's axis to the per-
pendicular ravs of thre sun 13 the basic conceét in-
volved in understanding earth-sun relationships.

The fact that the change in the earth's axis
is only relative to the perpendicular rays of the
sun can be demoustrated by mounting a globe on the
free end of the horizontal demoustration bar at an
angle cf 2i°, zllowing it to revolve around the
single verticel ber. The sun may be represented by

a slide projector with a square field. Revolving the

ct

earth will dcmonstirate the earth's signilficant seasonal
positions (solstice and equinox) as well as signifi-
cant lines of latitude., Rotating the earth will dem=-
onstrate significant changes in length of our path

in daylignt and darkness as well as significant lines
of lcngitude,

Students represent the earth's significant posi=-
tions in relation to the sun by multi-stagé diagrams
of the earth as a circle, the sun's rays indicated by
shading one vertilcal nalf of each.

With this background, the pupil can see the fe-
lationship between the change in seasons and change in
length cf day and night. In addition this principle
1s prerequisite to experimental determination of lati-

tude and longitudeo
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Organization of & unit in earth-sun relationships
0

Seasons Inclination of Earth's Axis

Winter Wints: solatice to spring equinox. 66°-90°

Spring Spring equinox to summer solstice, 90°-11L°

Sumner Surmer solstice to fall eguinox.

Fall Fall equinox to winter solstice.

Length of day and night

S eneem. ——ana —

[

Signirficant lerngths

Local liengths

Lztituae
Significant lacitudes

Local lstitude

Longitude )
Significant longitude

Local longitude

.114°-90°
. 900'660
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Experimental determination of length of a day

Variation in length of daylight and darkness

Fal

can be shewn to be a result of the earth's inclination
to the perpendicular rays of the sun.

IT one's local latitude i$ represented . by a
bend of opacue tape on the mounted globe, the relative
length of day and aight can be observed as the earth
is roteted vhile at the correct seasonal position.

Given a piece of plain paper and protractcr, the
students can reconstruct the demonstvraiticn geometri-
cally, rapresenting the earth as a circle, the axis
inclined according Lo the date and the p:;h_a chord
to the circle perpendicuvliar to the axis at the proper
latitude. The circle is shaded through its vertical
center line to represent daylight and darkness. The
fracticnal part of the total path in daylight multiplied
times twenty-four hours will be an estimate of the.
length of that day. Thes students may then check their
estimate by comparing their computed length of that
day with the actual length. Actual lengfh may be
found either by use of an almanac or by measurement.

A study of the significant lengths of day and
night precedes this determination of the local length
of a particular day. Thoe serles of lessons may be

organized in the following manner. . -



Crzanization of lessons in lencth of day and nignt
pr—— S— )

] Significant lengths cf day and night
a. Winter solstice

be. Spring c¢guinox

c. Summeir solstice

d. Fall equinox

2. Local length of day and night
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Zxperimental determination of latitude

Correlation of the significant lines of latitude
with the altitude of the suxn duxring an equinoi enables
one to observe his own lactitude. The bésic experi-
ment consists of "shooting the sun" with a proctrac-
tor and straight edge to calculate the aititude of
the sun.

The stucdentc represent the earth by a semi-
circles The classroom floor is represented by a tan-
gent drawn to the perimetsr a2t an arbitrary point of
the northern, dayligut quadrangle formed by the axis
ard eguator. IFrom this diagram the pupil can see the
complimentary relationship between the altitude and
cenith angle and therefore of latitude.

Trhis principle enables the student to locate
his position north or south on the eartht's surface,
Jjust as would be dorne in solar navigation. -

Determination of local latitude 1s preceded by
a study of signiiicant lines of latitude, as shown

in the outline of this series of lessonse.



Organization of

lessons in latitude

l. Significant

TIME (N. Hem.)

Eguinox 909N
Winter .
solstice 66°N
Sumamer
solstice 24°N
Equinox 0°
Winter o
sclstice 24°S

ines of latitude

LATITUDE

North pole

Tropic c¢f Cancer

Egquator

Tropic of Capricorn

Swinmer o

solstice 66°S Antarctic circle
Equinox 90°3 South pole
2s Local latitude

POSITION OF SUN

Horizontal

Horizontal

Perpendicular

Perpendicular

Perpendicuiar

Horizontal

Horirontal
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Experimental determination of longitude

b

Cerrelation of significanv lines of longiltude

with the position of the sun during an equinox enables
cne to determine his cwn longitude. To observe this

experimentally we determine noon by the sun's apex.

-1

he difference wetween thils time and noon, London time, .

2o

8 then computed. The number of nours difference
multlipllied by fifteen degrees per hour will indicate
tne rumber of degrees one is from the prime meridian.
Students record thils observation by representing
the sarth with a circ:e, the north pole as its center.
They then divide the circle into twenty-four egual
arcs, each arc bsing fifteen degrees, the amount the
earth rotatecs per hour., Thus a tanglble view oI the
relationship between longitude and time is provided.
This principle makes simple the location of
significant lines of longitude by the position of
the sun related to the prime meridian. A study of

the cignificant linss of longitude precedes this de=-

>rmination of lccal iongiltude.
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This is a test of your uanderstandings in science and your ability to work with

problems in science. The test questions look like this:

S,. We use a thermometer to measure
a) rain.
b) snow.
¢) air pressure.
d) time.
e) temperature.

Mark your answer to question S, on your answer sheet.

1
A thermometer is used to measure temperature, and you should have marked
the fifth answer space for problem S.. Be sure you filled in the fifth answer

space with a heavy black mark.
In this test you will find 80 problems like this one.

Please do not make any marks on this test booklet. Do your figuring on

scratch paper; and then mark your answer for each problem on your answer
sheet.

Your score will be the number of answers you get right. Be sure to mark

one answer — the answer you think is right — for each problem.

36
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—— !mportant Facis and Principles

Which of the following causes the greatest

-2bsence from school?

a) colds
) scarlet fever

c) mumps

d) measles

e) chicken pox

You will prrcbably live longer than your grand-
parents because

a) homes are beiter heated than in the past.
L) peonle retire sooner than they used to.
¢) miodern homes are air conditioned.

d) people are stronger than they used to be.
e)

I water coataing harmful bacteria, it can be

made soie ¢ drink by

&) straining it through a clean cloth.
b) boiling it for at least 10 minutes.
¢) mixing it with air.

@) allowing it to stand in sunlight.
e) adding a teaspoon of baking soda.

The most common cause of home injuries is

a) fires.

b) poisons.

c) falls,

d) electric wiring.

e) careless use of guns.

Rock wool and fiber glass are good insulators
because they

o) apsorb heat.

b) contain dead air spaces.
c) reflect heat.

d) allow air to circulate.
e) are good conductors.

Clothes dry fastest outside when the air is

a) cold and moist.

) cold and dry.
¢) warm and moist.
d) warm and dry.

)

e) none G: these.

more is known about the causes of disease.

37

11.

12.

Thunder is heard after a flash of lightning because

a) the air is full of moisture.
) light travels faster than sound.
c¢) sound travels only through air.
) sound travels in straight lines.
) sound t»

e “-els faster than light.

The main difference between clouds and fog is that

a) one is denser.
) one is heavier.
c) one is closer to the ground.
d) one contains more dust.
e) one contains more water vapor.

Day and night are caused by the

a) phases of the moon.

) revolution of the earth.
¢) revolution of the sun.
d) tilt of the earth's axis.
)

e) rotation of the earth.

The seasons change because the

a) earth's axis is tilted.

) sun turns on its axis.

) moon travels around the earth.
d) earth turns on its axis.
e) earth's orbit is oval.

Moonlight is caused by .

a) gases on the moon.
b) radioactivity on the moon.

c¢) light reflected from the earth.
d) light reflected from the sun.
e) the moon's hot surface.

The star nearest to the earth is

a) Vega.
) Alpha Centauri.
) the North Star.

d) Orion.

e) the sun.

Go right on to the next page.
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. Volcanoes are found mainly in

a) desert regions.

b) mountainous regions.
. ¢) offshore regions.

d) arctic regions.

e) deltas.

. Which chemical is added to drinking water to

help reduce tooth decay?

a) bromine
b) chlorine
c) salt

d) iodine
e) fluorine

. A carbon dioxide fire extinguisher puts out a

fire by

a) forming water over the fire.
) smothering it.

) cooling it.

) combining with-the fuel.

e) combining with the oxygen.

b
(o
d

. Which of these is not a form of oxidation?

a) melting of ice

b) rotting of wood

¢) burning of coal

d) rusting of iron

e) burning of fuel in a rocket

!. Soap suds are produced best with

a) ocean water.
b) lake water.
rainwater.
well water.
tap water.

c
d
e

3. Which of these is important in controlling
insects?

a) early plowing
) field mice

) bees

) birds

) fertilizers

b
c
d

e

38

19. Bees are important to farmers chiefly because
they

a) serve as food for birds.
b) make honey.
¢) scare away harmful animals.
d) help spread pollen.
)

e) remove nectar from flowers.

20. Dogs, cats, humans, and cows are mammals
because they have

a) four limbs.

) teeth.

) digestive systems.
) milk glands.

e) backbones.

b
c
d

21. Recently typhoid fever broke out in one part of
a city. Which of the following was probably most
closely related to the outbreak of this disease?

a) garbage was not collected on schedule

b) the section with typhoid had new water mains
c¢) insects were found in the water supply

d) the drinking water did not contain fluorine

e) a broken sewer pipe was found in a food store

22. An ice cube tray was filled with water. It was
placed in the freezer and allowed to freeze.
When the tray was removed, it was noticed that
the ice cubes had '"bulged up.'" The reason is that

a) water is a liquid, but ice is a solid.
b) the freezer was too cold.

¢) most things expand when they are cooled.
d) water expands when it freezes.

e) cold water freezes faster than warm water.

23. Many families use small ice chests on camping
trips. If the ice in the chest is wrapped in heavy
brown paper,

a) the ice will melt faster.
) the ice will not cool the food so well.
) the food will cool faster.
) the ice will not melt.
) the food will not spoil.

b
C
d
e

Go right on to the next page.
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— A Study of the Parts of a Flower —

The diagram below shows the main parts of

a flower.

Use the letters in the diagram to

answer the following questions.

. The sepals of a [lower protect the bud before

the flower opens.
a) A b) B

Wiiere are the sepals?
c) C d) D e) E

. If tris is an apple blossom, which part will

develop into the apple?

a) A b) B c) C d) D e) E
. Where are the seeds formed?
a) A b) B c) C d) D e) E
Where are the pollen grains formed?
a) A b) B c) C d) D e) E

. By holding a plant upright, the stem helps the

plant to get

a) chlorophyli.

b) air and sunshine.
c) water.

d) nitrogen.

e) minerals.

39

29.

30.

The main activity of a leaf on a green plant is to

a) absorb rainwater.
b) make food.

¢) protect the plant.
d) protect the flower.
e) shade the stem.

Green plants make their own food using sunlight
and

a) chlorophyll.

b) nitrogen.

c) oxygen.

d) carbon monoxide.
e) proteins.

. Which statement best describes the main job of

a flower?

a) To produce seeds

) To make food

) To store food

) To attract bees

e) To carry on photosynthesis

b
G
d

Go right on to the next page.
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— A Study of Simpie Machines —

Simple machines are used to do work.
Here is a list of five simple machines:

A — Lever

B — Wedze
C — Wheel-and-4xle
D — Pulley

E — Inclined Plane

Decide whick simple machine would be
most useful to do each of the jobs liisted
below,

. A man wants to raise & box to the top of a tall
building.

. A man is pushing a baggage cart up an airport

-~

~uliililde

a) A b) B c)C d) D e) E

. A boy scout is chopning wood for a camygiire.

a) A b) B c) C éjD e) B
. A man is jacking up his automobile.

a) A b) B c) C d)D e) E
. A girl is twisting a doorknob.

aj A b) B c) C d) D e) E

. A woman is digging up dirt with a spade.

a) A b) B c)C a)D e) &

. A boy is pushing the pedals of his bicycle to
make it go faster.

a) A k) B c) C d) D e)E

40

— Birds That Stand While They Sleep —

Some birds sleep while perched on a tree-
limb or a wire. Other birds, like storks or
herons, sleep while standing on one leg.

Birds that stand on a limb or wire have a
tendon in their feet and legs that draws tight
wiien the birds' toes are curled around an
object. As the toes curl around & tree-limb
cr wire, the tendon is locked in place with a
""special locking device."

With birds that stand on one leg, the leg
"locks" in position, much like the blade of a
jacknife snaps into the open position,

Answer the following questions, using these marks:

T — if the statement is all true.

t — if the stateraent is likely true.

? — if you cannot tell from this study whether
the statement is true or false.

f — if the statement is likely false.

F — if the statement is completely false.

39. All birds sleep while standing on one leg.
(T—t—?—-£f—F)
4£0. Some animals sleep while standing on all four

41

42.

43.

44,

45.

legs. (T—-t—?2—-f~TF)

. Most birds sleep about eight hours a night.
(T—t—?—-f—TF)

All birds that sleep while standing on one leg
are water birds. (T—t—2 —f—=TF)

Canaries have locking tendons in their feet
and legs. (T—t—?—f—TF)

Woodpeckers sleep with their feet hooked into
the bark of a tree. (T=t—2?2 —f—=F)

Perching birds can sleep on wires because they
have special locking devices in their feet and
legs. (T—t—?—=f—TF)

. Many birds nrefer to live in birdhouses, rather
than sleeping outside. (T —t— ? —f— F)

Go right on to the next page.



—— An Experiment with Grzen Inkk —

Tom wrote these notes in his science notebook:

"We fiiled a small medicine dropper with
green ink. Then Mary put the dropper in a
glass of water without squeezing cut zny
ink. The teacher left the glass on Ler desk
without letting anyone focucs il. When we
came to school the next day, all the water
in the glass was green. "

£7. Which statement best explains what happened?

a) A liquid takes the shape of its container.

b) Heating a licuid makes the molecules move
faster.

c) The molecuies of a gas move faster than
thcse oi a liquid.

d) The molecules in a liquid are always mov-
AT

e) Air pressure was pushing on the water in
the glass.

43. Which statement best explains why Mary' was
able to fill the dropper with green ink and keep
it from running out while she piaced it in the
water ?

a) Air pressure pushes in ail directioas.

b) Air molecules are aiwzays moving.

¢) Air molecules move faster than ink
molecules.

d) Green ink is denser than water.

e) The rubber bulb on the dropper sucks in
the ink.

49. Four of the following observations are similar
to the observation with the green ink. Which
is not similar?

a) If a large balloon is placed in a refrig-
erator, it soon becomes smaller.

b) If a lady is cooking onions, you can soon
smell them all over the house.

c) If a tablet of food coloring is placed in a
cup of water, soon all of the water is
colored.

d) If an open bottle of perfume is placed in a
room, it can soon be smelled all over the
room.

e) If sugar is placed in a glass of lemonade
without stirring it, the whole glass of
lemonade soon tastes sweet.

41

50. Suppose the water in the glass was hot, rather
than at room temperature. How would this
aifect the experiment?

a) There would be no difference.

)

) The green color would stay in the dropper.
) green color would spread more slowiy.
) green color would spread faster.

—— An Experiment with Geranium Leaves —

As an experiment, some fifth-graders took a
healthy geranium plant and spread vaseline
on the backs of two leaves. They let the rest
of the leaves grow normally. After a few
days, the two leaves covered with vaseline
turned yellow and died.

51. The vaseline was harmful to the leaves because
it

a) prevented the plant from producing seeds.
b) prevented water from entering the leaves.
c) prevented sunlight from entering the leaves.
d) prevented air from entering the leaves.

) p

e) prevented the flowers from blooming.

52. If the vaseline had been spread on the tops of
the leaves,

a) the results would have been the same.

b) the leaves would have curled and died, but
would not have turned yellow.

c) the leaves would have turned yellow faster.

d) the leaves would have turned yellow, but
more slowly.

e) the leaves probably would have continued to
grow normally.

53. In this experiment, the vaseline covered small
openings on the leaves called

a) chlorophyll.
stomata.
palisade cells.
chlorplasts.

e) vascular bundles.

b)
c)
d)

Go right on to the next page.
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—— A Study of Sounds

All sounds are caused by the vibration, or
back-and-forth movement, of the moiecules
"of some material. Differences in sounds
are caused by differences in the way objects
vibrate.

For exaixple, if objecis vibrate slowly, the
sounés produced are usually low. If cuj2c:s
vibraie rapidiy, the sounds are higier,
Scine objects vibrate so fast that the sound
cannot be hear by human ears.

. A man's voice is deeper than your voice because

aj nis vocal cords vibrate more slowly than
yours.

b) his vocal cords vibrate more rapidly than
youi's,

c¢) e talks louder than you do.

d) he has larger lungs than you have.

@) his vocal cords have a back-and-forth move-
meant.

piano, iong heavy strings produce low notes,
and short thin strings produce high notes. The
reason for the dmerenc s is that

a) tiin strings vibrate tco rapidly to he heard
by iiumans.

iong heavy strings are used the ™
will last longer.

long heavy strings vibrate faster than sr.urt
thin strings.

iong heavy strmors vibrate more slcwly than
short thin strings

e) long aeavy strings stay in tune better.

b) ost and

~-

(©

d

~

. There are special dog whistles that can be used
to call dogs. The dogs can hear the whistle, but
rmost people cannot. The reason is that

a) dogs have longer ears than humans.
b} dogs are trained to hear the whistle.
¢) dogs have better ears than humans.

d) the whistle vibrates very rapidly.

e) the whistle vibrates very slowly.

know that no sounds can be neard in
outer space. The reason is that

a) light travels faster than sound.

D) there are no molecules in outer space.

¢) cosmic rays in outer space descroy sound.
g) it is too dark in outer space.

e) it is too cold in cuter space.

42
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—— A Study of Colors

Some fourth-grade boys and girls decided to
make a ''stained glass window'" for use in a
class play. First they planned the design,
and then they painted the design on a large
sheet of tissue paper.

Later, they put the tissue-paper "window"
on one' of the real windows in their room.
Wiien the sun shone on the window, John
saw that the design appeared on one of the
desks in the room. John also noticed that
this desk was cooler than other desks on
which the direct sunlight was shining.

Deople who passed the school could see the
design that the children painted. From the out-
side, the red section of the design looked red
because it

a) reflected red light.

b) reflected a mixture of yellow and orange
light.

c) reflected all the sunlight.

d) absorbed all the sunlight.

e) absorbed all the red light from the sun.

The students used black, white, red, green, and
blue paint to make the design. Which color ab-
sorbed all the light from the sun?

a) blue

The desk under the window was cooler than the
other desks because the ''stained glass window"

a) absorbed none of the sunlight.
) reflected all the sunlight.
) absorbed some of the sunlight.
d) transmitted all the sunlight.
e) refracted the sunlight.
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-This is a test of your understandings in scieace and your ability to work with

problems in science. The test cuestions look like this:

Sl‘ The earth revoives arcund the sun about once every

a) 12 hours.
b) 24 hours.

|
3
'. c)
d) 28 days.
L9

Mark your answer to question Sl on your answer sheet.

The earth revolves around the sun once a year — ouce every 365%days.
The answer is 365%days, and you should have marked the fifth answer

space for problem Sl' Be sure that you filled in the fifth answer space
with a heavy black mark.

In this test you will find 75 proklems like this one.

Please do not make any marks on this test booklet. Do your figuring on

scratch paper; and then mark your answer for each problem on your answer
sheet.

Your score will be the nurzier of answers you get right. Be sure to mark

one answer — iiie answer you thirk is right — for each problem.
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— Important Facts and Principles

The most frequent cause of death of children
between 5 and 14 years of age is

a) accidents.
b) influenza,
c) leukemia.
d) pneumonia.
e) polio.

What has probably been the most important rea-
son for the great increase in the average length
of life since the 18th century?

a) change in eating habits

b) conquest of cancer and heart disease

¢) general improvement in housing

d) improvement in methods of food production

e) reduction of deaths from infectious diseases

Probably the most likely reason why dinosaurs
became extinct was that they

a) could not find food.

b) failed to adapt to a changing environment.
c¢) killed each other in combat,

d) were eaten by the more complex animals.
e) were Killed hy erupting volcanoes.

In plants, the term photosynthesis refers to the

a) assimilation of carbon dioxide.
b) green coloring matter.

¢) manufacture of food.

d) release of excess water.

e) release of oxygen.

Plant cells differ from animal cells in that
plant cells have

a) a cell membrane.
b) a cell wall,

¢) a nucleus.

d) cytoplasm.

e) protoplasm.

The air immediately over a large forest on a
bright summer day is different from the air
over a large city. The most obvious difference
is that the air over a forest, compared with
the air over a city, contains

a) less oxygen and less moisture.

b) less oxygen and more carbon dioxide.
c) less oxygen and more moisture.

d) more oxygen and less carbon dioxide.
e) more oxygen and less moisture.

10.

11.

A plant that was placed in a totally dark box
for 24 hours grew upright. A second plant was
placed for 24 hours in a dark box with a hole
which allowed light to enter on one side. The
second plant grew toward the hole. The most
correct conclusion that may be drawn from this
experiment is that

a) a plant needs light for photosynthesis.

b) a plant responds positively to-light.

¢) auxins are necessary for plant tropisms
to occur.

d) plant leaves reach for the light. .

e) sunlight encourages plant growth.

Why do the largest number of ocean organisms
live near the surface of the ocean?

a) Salt water has more minerals than fresh
water.

b) The ocean bottom contains radioactive

* materials.

¢) The intensity of light that reaches ocean
organisms decreases as depth increases.

d) The ocean water is colder near the bottom.

e) The surface water is less polluted.

All the planets in the solar system

a) are the same size.

b) have natural satellites.
c) have the same density.
d) have the same gravity.
e) revolve around the sun,

A suggested procedure for providing both food
and oxygen on long-distance space flights is
to maintain, on the rocket ship, cultures of

a) algae.

b) amoebae.
_c) bacteria,
) molds.
e) yeasts.

Which of the following statements about bac-
teria is most correct?

a) All bacteria are harmful.

b) All bacteria are useful.

¢) Bacteria are microscopic animals,

d) Some bacteria are harmful, some are
useful.

e) Some bacteria make their own food.

Go right on to the next page.
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Bacieria in the blood stream may be destroyed
by

a) blood platelets.
- b) plasma.

c¢) red corpuscles.

d) toxins.

€) white corpuscles.

Material for growth and repair of body tissues
comes mainly from

a) fats.
b) proteins.
¢) starches.
d) sugars.

e) vitamins.

T'ossils are most likely to ve found in

2) granite.
%) lava.

¢) marble.
d) obsidian.
e) shale.

The metal obtzined from hematite ore is

a) copper.

Soil erosion can be reduced by

a) crep rotation.

b) contour plowing,

¢) dry farming.

d) grass burning.

e) intensive cultivation.

Project Mohole is an effort to

a) measure the cosmic rays in outer space.
) reach the deepest part of the ocean.

) reach the mantle of the earth.

) send a manned satellite to the moon.

e) send television signals around the world.

b
(
d

Tides are chiefly the result of the action of

a) earthquakes.
b) hurricanes.
¢) solar storms.
d) the moon.

¢) the sun.

19,

20.

21.

22.

23.

The principle of buoyancy is not primarily
involved in the operation of =~

a) a balloon.

b) a sailboat.

¢) a submarine.

&) an airplane.

e) an ocean liner.
. : nource of energy that we use least
efficiently is

a) coal.

b) natural gas.
c¢) oil.

d) sunlight.

€) water power.

A physical property of a substance may be
identified by

a) analyzing it under a spectroscope.
b) burning it.

¢) reducing it to a powder.

d) testing it witil acid.

e) weighing it.

Chemical compounds are always formed when

a) a gas is changed into a liquid.

b) a solid is meited.

¢) a substance is changed into a gas.
d) two or more substances unite.

e) two substances are mixed.

Water flowing from artesian wells illustrates
the principle that

a) certain minerals, such as limestone, are
soluble in water.

b) water flows from regions of high pressure
to those of low pressure.

c¢) the atmosphere exerts a pressure of
15 pounds per square inch.

d) water settles in the ground until it reaches
the water table.

e) the pressure within a moving liquid is
greater than the pressure in 2 non-moving
liquid.

24, White light may be dispersed by a

a) lens.

b) mirror.

¢) polarizing glass.
d) prism.

e) quartz glass.

Go right on to the next page
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). The best type of wire to use {or the heating

element of an electric toaster is

a) aluminum,
b) copper.

¢) nichrome.
d) silver.

€) tungsten.

. When coal is burned,

a) 211 the coal is recuced ¢ ashes.

b) all the matter is converted to energy.

¢) the coal is changed to other chemical
substances.

d) the elements in the coal are destroyed.

e) the matter in the coal disappears.

Large bodies of water

a) heat and cool at the same rate as land.’

b) heat more rapidly and cool more slowly
than land.

¢) heat and cool more rapidly than land.

d) heat more slowly and cool more rapidly
than land.

e) heat and cooul more slowly than land.

. The large-scale movements of air masses are

regulated chiefly by

a) barometric pressure.

b) jet streams.

c¢) the phases of the moon.

d) the humidity of the mass.

e) the temperature of the mass.

A cold front is most generally followed by
weather that is

a) calm.

b) clear and cool.

¢) extremely windy.
d) warm and cloudy.
e) warm and humid.

. Human control over the movement of large air

masses

a) is probably impossible.

b) will require vast quantities of fuel.

c¢) will depend largely on knowledge gained
from Arctic explorations.

d) will depend on further analysis of IGY
information.

e) will depend on information gained from
lunar probes.

AR

—— A Study of Nutrients in Corn

Orne day the students in South Junior High School
were testing food to find out what nutrients are
present in corn. The following statements are notes
that were written in the notebook of one of the

o Anntas
siaaents:

A, '"We crushed a dry corn seed and tested it
with iodine. It turned black. "

Z. " We crushed a dry corn seed and tested it
with Benedict's Solution. It did not change
color. "

C. '"We added moisture to dry corn seeds to
make them sprout. "

D. " We crushed a corn seed that had started
to sprout and tested it with Benedict's
Solution. The solution turned red. "

E. " We added'limewater to a jar containing
sprouting corn seeds. The limewater turned
milky. "

Indicate which of these notes is most closely related
to each of the following statements:

31. Corn seeds contain starch.
a) A

b)
)
)
)

o Qo0
HOOQW

32. Corn seedlings change starch into sugar.

a) A
b) B
e e
d)D
e) E

33. A growing corn seedling oxidizes food.

a) A
b) B
c) C
d) D
e) E

34. Dry corn seeds contain little or no sugar.

eges
HOOQW >

Go right on to the next page.
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—— A Study of DDT ——

n this part of the test you will find the description

f an experiment, followed by a series of statements.

tead the description of the experiment and then
lassify each of the statements under one of the
ollowing categories:

T — Definitely True, proven oy wie study.
t — Probably true in light of the study.

? — Not relevant tothe study.

f — Probably false ia light of the study.

F — Definitely False, proven by the study.

/hen wild houseflies were collected from an area
vhiere no insecticide containing DDT had been used,
bout 99 percent of these flies were killed by an
rdinary exposure to DDT. The remaining 1 per-
ent of surviving flies, when allowed {o mate and
eproduce, produced offspring which werg resistant
o0 DDT. A greater amount of DDT than that used on
he first generation was required in order to kill

9 percent of these offspring.

5. A very small percentage of the first-generation
flies survived exposure to DDT.
(T—t—=—2—-1f~=F)

6. All houseflies are now resistant to DDT.
(T—t—=2?2—-f—F)

DDT shouild no longer be used as an insecticide.
(T—t—2—-1f~TF)

8. DDT and lead arsenate are both insecticides.
(T—-t—=—2—-f—F)

3. There is evidence that mosquitoes develop
resistance to DDT. (T—t—=—2?2—£f—=F)

0. A large proportion of second-generation house-
flies remained alive when exposed to an ordi-
nary amount of DDT. (T —t—?—-f —F)

1. Resistance to DDT has created a problem with
respect to comntrol of houseflies.
(T—t—?2—=%2—TF)

2. Many ily sprays coatain DDT.
(T—t—2—£f—F)

3. A greater amount of DDT is required to kill
DDT -resistant houseflies than to kill ordinary
houseflies. (T—t—2—-f—=F)

4, Other species of insects have developed resis-
tance to DDT. T—t—?2—-£f—-7)

47

45, DDT is effective for the control of many insects.
(T—t—?2—£f—TF)
46. An ordinary; exposure of houseflies to DDT kills

99 percent of the flies when they or their
ancestors have never been exposed to DDT.
(T—t—2?2—1f—F)

—— A Study of the Planet Mars

I"or many years interest has been expressed as to
whether life exists on the planet Mars. Observations
at Lowell Observatory show that seasonal dark
markings in each hemisphere of Mars become
greener and more pro:inent in the late spring and
early summer of that hemisphere. This color fades
to a chocolate brown in the autumn.

47. The fact that there are seasons on Mars indicate;

a) Mars' equator is inclined to its orbit.
b) Mars must have the same crustal composi-
tion as the earth.
¢) Mars must have some form of vegetation.
d) Mars is rotating on its axis.
e) Mars must have an elliptical orbit.
48. Observation has definitely shown that there is
no chlorophyl on Mars. This fact

a) excludes all life on Mars.
_b) excludes all plants but not animals.
¢) excludes life as we know it on earth.
d) is not important in considering the possi-
bilities of life on Mars.
e) proves that there are some simple plants
on Mars.
49, The atmosphere of Mars is thinner than that of
the earth. There is less than 5 percent of the
water vapor and less than 1 percent of the
free oxygen as compared with the earth's atmos-
phere. These facts

a) exclude all life on Mars.
b) exclude animals but not plants.
¢) exclude plants but not animals.
d) exclude life as we know it on earth.
e) are not iiiportant in considering the possi-
bilities of life on Mars.
50.

Because of the thin atmosphere « can

be concluded that the

a) escape velocity is very high.

b) planet has a core of iron and nickel.
c¢) planet is large.

d) planet is very dense.

e) surface gravity is small.

Go right on to the next page.
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—— A Study of a Diagram cf the Earth

[he diagram below indicates the position of tie

;:arth on a certain day of the year. Use this diagram

n answering questions 51-55.

Sun’'s Rays

51. The earth's axis is represented by letter

S

HUO W

)

02. Line A represents tie

a) Antarctic Circle.
b) Arctic Circla.

¢) earth's axis.

d) Equator.

e) Prime Meridian.

wn
w

. In the Northern Hemisphere, the season of the
year is

a) spring.
) summer.
) fall.
) winter.
) impossible to say.

b
@
d
€

54. At this time of the year, the distance between
the earth and the sun is
a) less than 93,000,000 miles.
b) mcre than 93,000, 000 miles.
¢) exactly 93, 000, 000 miles.
d) approximately one light year.
e) approximately 186,000 miles.

55. The diameter of the earth can be measured in

two directions — by the line labelled A, or by a

line irom E to ¥. Which of the following best
describes these two distances?

a) The lengths of these two lizes are not known.

b) The two lines are egual.

) The lengths of the two lines vary.

) The line from E to F is the longer.
)

(c
d
e) Tae lire through A is the longer.

48

—— A Study of Iron Ore Production

Suppose that in 1950 all of the Minnesota iron-ore
producing areas experienced an increase in the
tons of iron ore mined. The following percents of
incrcooses are to be compared with the year 1949:

Mesabi Range 10%
Cuyuna Range 20%
Vermilion Range 20%

Spring Valley Area  60%

Answer each of the following statements, using the
following key:

T — Definitely True, indicated in the table.

t — Probably true, in light of the data in the
table. :

? — Not enough information given to decide.

f — Probably false, in light of the data in the

‘ table.

F — Definitely False, indicated in the table.

56. The Spring Valley Area has the richest ore.
(T—-t—?2—-1f—=F)

57. The Mesabi produced only one tenth of the
total amount of iron ore mined in 1950.
(T—-t—2—-f—F)

58. The yield of iron ore decreased in 1950 in
Minnesota. (T—-t—2?2—=£f—=F)

59. The Spring “alley Area has the‘greatest tonnags
of ore available. (T—-t—=—?2—£f—=F)

60. The Cuyuna and the Vermilion had the same per
cent of increase. (T—-t—2?2 —f—F)

61. The Cuyuna produced the same number of tons
of ore as did the Vermilion.
(T—-t—2?2 —f—F)

62. Production of iron ore was greater in Sweden
than in Minnesota in 1950.
(T=—t=12=1—1%)

63. Considering all four deposits, Minnesota more
than doubled its output of iron ore in 1950.
(T—t—?2—1f{—F)

Go right on to the next pa;
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84. How many degrees are there between tiie
freezirg point and the boiling point on the
Centigrace thermo:meter?

a) 32
) 100
c) 180
d) 200
e) 212

65. How many degrees are there between the

— A Siudy of Two Kinds of Thermemeters —

We are concerned here with a comparison of two

kinds of thermometers. OCne of these, known as the
Centigrade thermometer, is shown on the left below;
the other, known as the Fanrcnheit thermometer, is

- - e  defm s 4
snovi: on the right.

Answer the items that follcw by referring to the two
therriomelers showa. ’

Centigrade Fahrenheit

Boiling _ 100° ﬂ D 212° _ Boiling
Point \ J Point

| . .
rreezing — 0°_. | 32°_ Freezing
Point | . Point

O

67. If a Centigrade thermometer reads 10 degrees
above the freezing point, how many degrees
above the freezing point would the Fahrenheit
thermometer read?

a) 5 degrees

b) 10 degrees
c) 18 degrees
d) 25 degrees
e) 48 degrees

freezing point and the boiling point on the 68. If the freezing point on a Fahrenheit thermo-

Fahrenheit thermometer?

meter is 32 degrees above zero, then how

a) 32 many degrees Fahrenheit above zero would
N a temperature of 10 degrees on the Centigrade
b) 100
thermometer be equal to?

c) 180

d) 200 a) 5 degrees

e) 21Z b) 10 degrees

c) 18 degrees

66. How does a Fahrenheit degree compare with a d) 25 degrees

Centigrade degree?

a) The Centigrade degree is larger.

b) They are the same size.

c) The Centigrade degree is smaller.

d) The Fahrenheit degree is larger.

e) They vary with the thermometer used.

e) 50 degrees

Go right on to the next paj




— A Swedy of Vision Threugh Water —

Jack placed a penny on the botiomn of a pan. He then
stepped back so he just missed seeing tl:e penny
over the rim of the pan {as in A). He remained
standing in positicn, and continued to look at the
bottom of the pan while another student poured
water slowly into the nan so as not 1o mcve the
penny. As the water roce in the pan, ihz perny
gradually came inte Jack's view (as in B).

PROBLEM: Why could Jack see the penny alter
water was poured into the pan?

The statements that iollow relate to the prodlem.
Classify each of the statements according to the
rollowing:

— Definitely True, proven by the study.
— T robably true 1 light of the study.

— Not relevant to the study.

— Probably ialze in light of the study.

— Decfinitely False, proven by the study.

"-Tj oy o ’_a

65. Jack rcmained standing in the same spot while
the water was being poured into the pan.
(T=-t—?2—f{—F)
70. When a beam of light strikes water on an angle,

it beuds upwara. (T =—t=2—=f—F)

71. Jack began to see the penny because the water
acted as a lens. (T=t=?2—1f{-="F)

72. As the water was being poured, the penny did
r.ot move. (T—t—=—?2—£f-=T"F)
73. On leaving the water, the light reflected from
the penny bexnt toward the boy.
(T—t—?2—f—=F)
74. Since the penny appeared to be higher up than

it realily was, Jack could see it through the
water over the rim of tiie pan.
(T—-t—2—£f—F)

5C

Boy's eye

Apply the information from the above statements ir
answering the following question:

75. Bill is holding a fish spear in his hands. Look
ing into the water on an angle, he sees a very
large fish that seems to be stationary about
two feet below the surface of the water. Wher
should Bill aim the spear if he expects to
strike the fish?

a) far " above" the fish

b) somewhat ' above™ the fish
c) 'rat" the fish

d) somewhat " below" the fish
)

e) far " below" the fish

STOP
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