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CHAPTE. I 

THE PROBLE;.vI AND ITS BACKGROU?D 

The Problem 

The current era is called the Space Age--a time 

of phenomenal scientific progress. Acco-rdingly, im

provements 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 availa�le 

to aid school systems in the purchase of scientific 

equipm nt; and capable high-school and college stu

dents are urged to choose careers in the sci nces. 

Local administrators under the contemporary 

pressures have initiated overhauls of the science 

program. New subject matter is being assigned to 

science courses at various levels, more up-to-date 

books are bein purchased, and coordination of sci

ence courses throughout the vari.ous grade levels is 

being attempted. All these efforts have produced 

change, although change may not mean improvement. A 

teacher who is well-informed about current scientific 

l
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e 
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,I advances and who has the most modern equipment and 

textbooks may stil fail to make science a pertinent, 

m aningful part of the life of his students •. Sta

tistical data gathered by Ruffner1 indicate that chil

dren in the ninth grade enthusiastically endorsed cer

tain experiences g samplings in the science field, be

fore being giv n any direction in the study and that 

this srue enthusiasm waned after the direction. Mal

linson,2 in reviewing interest studies at the sixth

and seventh-grade levels, observ s th t more of these 

stud nts indicate an interest in science than in acy 

other su j t Yet 9 similar studies with ninth-grade 

students or those entering the tenth grade show that 

few r students state an interest in science than in 

any other subj ct t ught at these levels 

Can the junior-high-school science teacher ig

nore su h n indict_ ent? In the last analysis the 

success of science programs stands or falls with the 

sci nee teacher in his classroom. The most urgent 

1Ruffner, Frances Eo., "Interests of Ninth-Grade
Students in General Science. 11 Science Educ at ion, 
XXIV (January 1940) ., 23-90 

2 

2Mimeographed r port _,ntitled nJunior High School
Science and the Implications of the Sci nee Motivation 
Projectn deliver d by George G .. l llinson to the Wis
consin Conference on Science Instruction in the Elemen
tary and Junior High Schools, at the University of Wis
consin, Madison, Wisconsin on August 21, 1962. 

, 
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need therefore, is for a technique of science teaching 

that wi.11 allow young people to experience "true" sci-

ence, discover undc· �..,�:.. g principles of life phenomena, 

and learn to apply these principles to new classes of 

problems. 

In this study the writer will deal with the teach

ing of science at the junior-high-school evel, will 

investigate a our-fo_d problem with which �very scie ce 

teacher is face and will suggest a possible solution 

or technique for each aspect of this problem. The four 

sp cts of the problem are these: 

History 

1. Fragmented content;

2. Experimentation wit out focus;

3o Ineffective student record of activity; 

4. Lack of transfer.

Fragmented Content 

As early as 1909 the need for n introductory 

science course at the level now known as the junior

high school was becoming apparent. Experiments were 

underway indicating that highly specialized sciences 

were not meeting the needs of the first-y ar pupilso 

However there was no agreement as to what the content 

of such a course should be. 

3 
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In 1920 the National Edu ation Association re

port, l Reorganization of Science. in Secondary Schools, 

made definite recommendations as to the nature of 

such a general-science course. The content was to 

consist of topics or units rela ed to the citizens' 

needs in science, and drew its materia s from any of 

the specialize sciences which helped meet these needs. 

With the development of the junior-high school, 

the organization of appropriate science courses for 

grades seven and eight as well as for grade nine be

came necessarye Finally, in 1932 with the publication 

of the Thirty-first Yearbook2 of the National Society 

for the Study of Education entitled, A Program for Sci

� Teaching, an authoritati e statement was made 

concerning the need for an integr ted program of sci

ence fro kindergarten through twelfth grade. The 

Thirty-first Yearbook recommended general science as 

lscience Education in American Schools, National 
Society for the Study ofEducation, Forty-sixth Year
book, Part I. Chicago: Distributed by the University 
of Chicago Press, 1947, p.153 citing Committee of the 
National Education Association, Commission on Reorgan
ization of Secondary Education, Reorganization of Sci
�• Washington: GoverP.rnent Printing Office, 1920.

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

4 



a three-year sequence in grades seven, eight and nine. 

However the content at the var·ous levels proved to be 

repetitious and failed to meet the objectives suggested 

for it. As M llinsonl points out, this situation still 

exists. 

Present status 

Studies by Pettit2 and Hunter3 of various general 

science textbooks reveals that there is little agree

ment as to the number of areas to be included, whic 

may range from six to eightee in any one grade. The 

topics are often unrelated, show little adaptibility 

for individua differences, tend to be superficial, 

and do not contain new, pertinent developments in 
I 

scienceo Seeger4- in his manuscript ., On Teaching "All 

lA paper en itled "Motivation in Junior High 
School Science," 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, 14, 1962 . 

2Pettit, Donald D ,  "The Content of Junior High
School Science.n School Science and Mathematics, XL 
(October 1940), 643-54. 

-

3Hunter, Go w. and Parker, Alice L., 0The Sub
ject Matter of General Science." School Science and 
Mathematics, XLII (December 1942 ), 869-77.

4Fischler, Abraham S , "Science for Grades Seven, 
Eight and Nine." School Science and Mathematics, LXI 
(April 1961), 279 citing Seeger, Raymond J., On Teach-
2:.!!Z. n All About Science,'- m nuscript copy, September 4,
1960,3"; 4. 
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.I 
About Science," concludes: 

"In looking ove_ the various textbooks, 
I was complet y at loss as to what h d 
motivated t e cho:ce of the par icular con-
cepts the grades �ss:g ed for teaching 
them. From the viewpoint both of logical and 
psychologica 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 grad level, to 
teach 'all about science', but not at all a 
hopeful desire to learn science as a way of 
understanding nature 'What is worse, the same 
material is frequently repe ted in consec tive 
grades with no obvious cu..mulative progress or 
cu ricular relationo Why then are particular 
topics selected for dominating ones? What about 
scientif · c goals? Evidently any answer to this 
basic uestion depends upon one's own concep
tion of science itself. n 

E uc tors 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 year, or even longer. Another approach is the un

graded science 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 

problema In both cases, the teacher is the key to 

the success of the progrfu�. He must be trained in all 

branches of science, understand child behavior, and be 

operating in a functional labo atory. 

6 
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Some cormnunities are ·ntro-ucing a separate 

science in each grade--biology in grade seven, chem\

istry in gra eight and physics in grade ni!le .. V Many 

educators1 , 2 believ that thi i unwise. They argue 

that when a child looks at his environment he does not 

see it subdivided biologically, chemically, and phys

ically. The e separate disciplines are man-made and 

often prevent students from seeing the relationship be

tween the various disciplines within the scient,ific en

terprise. 

Another approach is the introduction of biology or 

earth science in grade nine for the academically able 

studenta This too, has met with varying degrees of 

success. B-a�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 ta e three more years of sci

ence aa compared with eighty-five percent of the "con

trols n who had had II general science 11 in grade nine. 

110c. cite, p.28O0 

2Mallinson, "Motivation in Junior High School
Science," op. cit., p,.7. 

3Fischler, op. cit., p.281 citing Brandwein, 
Watson, Blackwood, A Book of Methods� New York: 
Harcourt, Brace, & Co�9°58", p.324. 

7 
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Many curriculum workers in the field of junior

high-school science are now committed to a policy of 

spiralling plac rr�0·,�'� ,. 1 In this scheme, many of the

same concepts or ge' alizations of science are in-

eluded in each year's work. The experiences of the 

pupils and their application of these principles 

vary from year t.o year, with the expectation that in 

succeeding years their understanding and control of 

the concept will be constantly enlarged. 

Experi ntation 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 

s01v·ng science problems� Curtis2 points out: 

"Within the past two decades, • • •  there 
has been an increasing tende cy to teach science 
vicariously, rather than exper·entially • • •  the 
all-too-common practice is to have pupils 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.158. · - . 

8 

2curtis, F. D • ., "Basic Principles of Science T ach
ing.0 The Science Teacher, XX (M rch 1953), 58. 

.... 
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,I 
Sc� ,rab1 proposes that the conventional classroom 

be trr:·.::-::-- ormed into a completely inquiring one in which 

lee::" .·,J �nd textbook are challenge � 1:'c::." the student, 

this means relin uishment of habits of p ssivity and 

dependence on teacher and textbook in favor of an 

active learning 0where lecture and textbook cease to 

be authoritative sources of information and become 

materials to be dissected and analyzed o" 

For the teacher this attitude of inquiry requires 

new skil and habitso The student does not learn to 

11learn for himself't without help. It is the responsi

bility o the teacher to aid him in discovering what 

to look for during scientific inquiry, and what ques

tions to ask of the material he is reading. 

The fact that many students do not, in their 

courses, deal directly with lifeJttself is pointed 

up in a study by bbott2 to determine the relative 

demand for connnerci 1 products by high schools in \ 

biological studies. In a random sampling of over one

hundred schools throughout the United States, he found 

�Schwab, Joseph J., and Brandwein, Paul F., The 
Teaching of Science. Cambridge, Massachusetts: Har
vard Universi y Press, 1962, 66. 

2Abbott, Cyril, uno Biology Teachers Use Live
Materials?n American Biology Teacher, XVI No. l 
(January 1954), 15.

9 
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10 

that biology teachers lean heavily on charts and 

11pickled1' specimens ( .59%) and that living organisms ( 8%) 

are scarcely ever used. 

Misconception of the function of experiments 

Experiments are used by teachers for a variety of 

purposese For some an experiment is simply an atten

tion getter; others seem to have little more than en

tert inment in mind. The more serious teacher, hope

fully, tries to relate his experiment with the material 

being studied. Even here the true function of experi

mentation may not be taking placee The authors of the 

Forty-sixth Yearbook1 observe: 

t It is regrettable that, in a majority of 
scienc classrooms in which demonstrations and 
individual pupil experiments are performed, 
the chief, if not the sole function served by 
these activities is to verify fac s a nd prin
ciples already learned." 

This results in pupils' attempting to "make the an-

swer come out right, tt and telling 11 what ought to have 

happened ., tt instead of w· at did happen. Since the pri- · 

mary purpose of exp rimentation is to secure answers 

to problems, this practice is the antithesis of inquiry. 

Writing in this regard, Alberg2 says: 

lForty-sixth Yearbook, op. cit., p._51-2. 

2Alberg, B., "Any Old Experiments?" Science 
Teacher, ·xxx (October 1963), 28. 



"The I legitimacy I of the experiment as 
an ex eriment (and not a directed exercise to 
be followed isquitequestionable if all the 
answers c n be found in the book. The question 
here is whether th so-c lled 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. 11 

Poor choice of experiments 

11 

What shall determine the choice of experiments for 

junior-high-school science? Shall it be those that 

teachers learn d to do in college science classes? 

Hilgers1 found these to be th experiments or demon

strations most commonly us d� Obviously this is a. 

poor basis for choice. 

Shall it be an experiment carried down from a 

high-school-sci nee course, and simplified for junior

high-school students? Little has been done with the 

planning of science experiences suited to the needs 

of young people at varying levels of maturity. The 

Forty-sixth Yearbook2 calls for this kind of planning.

11 Instead of placidly accepting ·c ite 
science experi nces pushed down from the 
grade levels above, good teaching emands 

1Hilgers, Robert J., "Practices and Techniques
in Science Teaching." Science Education, XXVI (-Jan
uary 1942), 16-21. 

2op. cit., p.157.

p 
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that science experiences be planned for the 
maturity of the particular pupils involved.n 

For learning to be effected, the student must 

12 

be intellectually involved as well as physically in

volved. It would seem, therefore, that experimenta

tion needs to be focused on important, basic relation

ships in the student's immediate environment--relation-. 

ships in which he is involved but which he does not 

understand. The Forty-sixth Yearbook1 concludes: 

"There is a great need for the develop
ment of an adequate series of demonstrations 
to be used in junior high school 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 t e 

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 junior-high-

l1oc. cit., p.160. 



,I 
school teachers is the reporting of an experiment in 

"story" form. Commenting on this student activity, 

the Forty-sixth Yearbook1 states: 

"Rarely is the reporting of an experiment in 
complete 1 story 1 (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." 

13 

Another student activity frequently required is 

the making of representative drawings of apparatus 

set-ups and biological specime s. Reviewing the rela

tively extensive research on this issue, the writers 

of the Forty-sixth Y�arbook2 f.ound an inverse rela

tion hip between the degree of attention focused upon 

artistic an exact reproduction and the attainment of 

the goals of science teaching. 

Research further indicates that the inking or 

coloring of laboratory drawings is likewise wholly 

ineffective as a means of realizing major objectives 

of a science course. 

Requiring pupils to trace drawings from text

books, as is frequently observed in ninth-grade and 

high-school biology classes, is without justification 

and can only be condemned. A more beneficial prac-

110c. cit., p.55.

2 ·b·d J. l. •

\ 
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,I 
tice is that of aving students make diagrams or 

sketches to reco d their observations.1

Meaningless records 

14 

A study of the secondary schools of Minnesota by 

Hilgers2 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 1 chemi try and p.ysics the 

combination laboratory manual and workbook was used 

most frequently. 

The use of the published workbook came into great 

favor in the 1930 1 s. Powers3 in an experiment involv

ing twenty-eight pupils in ninth-grade general science, 

found the se f-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. 

110c. cit., p.56.

2 ·top. Cl. " 

3Peterson, George W., and Douglass, Harl R.,.
"Published Workbooks versus Pupil-Made Notebooks in 
Ninth-Grade General Science.tt The School Review, 
XLIII (October 1935), 609 citing Powe s, Stuart c.,
"A Study of the 1 Self-made 1 Pupil Laboratory Manual 
versus the Traditional Laboratory Manual.' Unpub
lished Master 1 s Thesis, Ohio State University, 1931. 
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Peterson and Douglass1 found little demonstrable 

difference between the relative efficiency of the work

book and of the notebook as a device for learning 

general science in grade nine, 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 xclusively the device of having pup· s 

r cor their observations by fil�ing in blanks with 

single words or phrases. Although this practice is an 

attempt to lighten the teacher's load it has met with 

"vigorous and merited criticism.02 A 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 learping and performance in other situ
ations .• ,u

In its broadest meaning, transfer of learning is basic 

to the whole i ea of schooling. Knowledge is of du-

110c. cit., pp. 6 12-13. 

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

3Bigge, Morris L. Learning Theories For Teachers.
New York: Harper & Row, 1964, p.243. 



bious value unless its possessor is able to recognize 

the situations in which to use it and knows how to 

use it. Facts, princip es and broad understa�dings 

must be made functional in the student' life or he 

and the teacher are, essentially, wasting their time •. 

16 

However, the ability to apply facts depends on 

one's ability_to recall them, and this ability deteri

orates unless the facts are constantly reviewedg 

Striking evidence of this high rate of forgetting is 

provided by the studies of Tyle7
1 and otherso The re

sults of these researches revealed that within a year 

after high school pupils and college students had com

pleted 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 scientific principles. 

These same studies show that while three years after 

the end of one course, the students had forgotten 

about seventy-two percent of the f'acts, they had gained 

fifty-eight percent in their ability to apply principles. 

1curtis, op. cito, p.57 citing Tyler $ Ralph W., 
"Permanence_ of Learningott Journal of Higher Education, 
IV (April 1933), 203-04 and 11Wh t High School Pupils 
Forget.u Educational Research Bulletin, Ohio State 
University, IX (November 19, 1930), 490-92. 

I 
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A mast ry of scientific principles and the ability 

to apply them in �ife situations depends on the extent 

to which problem-solvin is m de a real part of the 

science teaching program. Fischler1 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 is the distance to? How many 
electrons? Or, What is the valence of?' It 
is time for a changeo • • •  Questions asked 
ought to be of the 'how' or 1 why 1 variety. 
Measurement ought to be incorporated and used 
wherever possible. Students must understand the 
principle before they can understand its ap
plicationo 1 . 

In an effort to determine to what exte t problem

solving takes place in the teaching program, Newton2 . 

made a survey of teacher-made science tests in junior

high-school general science, on the theory that a 

teacher's method of teaching wi�l be reflected in his 

tests. From seve een public school systems in fifteen 

geographi ally dist ibuted states he t bulated fifty

seven tests o the basis of two clas�es of questions: 

(1) those which require the statement of a principle

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

1Fischler, Abraham S., 11 Junior High School Science." 
School Science and Mathematics, LXIV (January 1964), 23. 

2Newton, David E., 'Th Problem-solving Approach-
Fact or Fancy? rt School Science and Mathematics, LXI 
(November 1961), 619-22. 

g a 
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� from the application of some principle or from a 

process of reasoning. In order to provide a basis 

for co�? rison, a group of uen textbook company tests 

were also surveyed in the sarne raannero 

18 

Results of the survey indicate that both teacher� 

prepared tests and published tests rely heavily on 

straight factual, memorization-type questions. Less 

than one-fifth of the questions reviewed could con

ceivably be class d a.s "thought" questions. 

It is most gratifying to r�alize that students 

want material that is functional rather than merely 

factual.. Their interest is on ttour side. tt Keislar1

exhorts t achers to dispense with a te�pts to reinforce 

study with such things as high marks, cash, trinkets· 

or prizes. The excitement of the resolution of a 

paradox, or an i triguing questi n is sufficient re

inforcement. What is more Keis �r believes that 
\ 

whe students are guided to discover for themselves\the 

principles that u derlie a group of problems, there 

is some evidence that they solve new classes of prob-. 

lems mor quickly than when they a e 11simply given 

the rule." 

1Keislar, Evan R., "The Learning Process and the
Teaching of Science." Science Teacher, XXIX (December 
1962), 21-25. 
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Summary 

The four-fo d probl with which every junior-

high-school teacher o science wrestl s has been 

examined. In 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 

relationship; he must devise a method of student

recording of these principles ahd rel tio hips dis

covered which is brief but relevant a meaningful; 

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. 

19 
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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 implied in Chapter I. 

These deficiencies are: 

1. Fragmented content;

2. �perimentation without focus;

3. Ineffective student recording of activity;

4. Lack of transfer.

Pertinent Content 

Selection of basic relationshiEs 

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 environments. 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 11basic relation-

ship" implies a relationship from which the de.velopment 
. . 

of understanding of a specific area, topic or concept 

of science emerges. Four criteria of a basic relation

ship were accepted for this study. 

1. 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 environment. For 



,I 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. 

4. The relationship must be one which occurs in

phenomena connnon to the students' experience. 

22 

The basic relationships selected on these criteria

were as follows: 

I. Biology Unit: The relationship between

phylogenetic groups of animals and plants and the 

external struct�re 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. 

r.v. Chemical Elements: The relationships among 

elements with respect to the proportions in which they 

combine ., their ionization in compounds, and their-rela

tive weights. 

V. Earth Science: The relationship of the

earth and the inclination of its axis to the direct 



✓ rays of the sun.

Organization of content

23 

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. Since 

four different images are formed as the distance is 

varied, the material was organized into four lessons. 

Experimentation as Inquiry 

In this study a 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-s_olving--are implicit in this de:rinition. 

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 analyzing 

data related to th centra concept of the. lesson. In 

order to record data about a concept they had to be 

aware of the factors to be observed. For example, a 

basic concept related to refraction of light is 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 concept. 

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 science 

c_oncepts sufficiently well to enable them to identify 

s·ituations in which the concepts apply. 

No particular position of a lesson can be isolated 

. .... , 
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and identified as II 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 life, 

for example the application of r lative �eights to the 

quantity of a toxic or potent drug found in t he 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 to 

which transfer had taken place. Fischler1 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 il

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 Relationship� 

The basic relationship of this unit is a distinc

tive superficial structure of a group of plants or 

animals, compared to that same structure in other plants 

or animals. Thi"s 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 �ounted 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 

o�igin 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

tures. 



., Organization of Biology Unit 

Living plants and 
animals 

I. Plant Groups
A. Seedless plants
B. Seed plants

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

II. Animal Groups
A. No skeleton
B. External skeleton

1. Insects
2. Spiders
3. Cray fish
4. Millipedes

c. Internal skeleton
1. Fish
2. Amphibians
3. Reptiles
4. Birds
5. Mammals

Comparative 
structures 

seeds 
principal parts 
seeds 
cones, needles

flowers 
flowers, fruits 

skeleton 
body 
number of walking legs 
wings 
eye pattern 
leg type 
legs per body segment 
appendages 
fins 
body 
scales 
beak, feet 
teeth, :feet 

• 

29 



,, 
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 textures, leathery and membranous, is the sig

nificant taxonomic point 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 (4) 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. 

30 



Organization of lessons on insects 

Wing� Order 

1. Wings scaly Lepidoptera 

2. Wings straight Orthoptera 

3. w·ngs laced Neuroptera 

4. Wings sheathed Cole opt era 

5. Wings membranous ( 2) Diptera 

6. Wings membranous (4) Hymenoptera

7. Wings leathery and
membranous Hemiptera 

8. Wings uni orm Homoptera 

9. Wings equal Isoptera 

10. Wings unequal Anisoptera 

11. � ingless Siphonoptera 

31 

Ex�ple 

Butteri'ly 

Cockroach 

.Laced wing fly 

Beetle 

Fly 

Bee 

Bug 

Cicada 

Termite 

Dragonfly 

Dog flea 
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Comparison of monocot flowers (sample lesson) 

33 .· 

The flowers of monocotyledonous plants display 

clear structural relationships. By comparing the 

principal types of flowers, a distinctive structure of 

most common orders 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-sectional 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 charac terist.ics are found in the flowers of common 

garden plants such as the onion, garlic and asparagus, 

as well as the familiar Easter lily and the hyacinth • 

. Organization of lessons on monocot flowers 

Distinctive structure Order Example 

1. Flower-superior ovary
6 stamens 

Liliales Tulip 

2. Flower-inferior ovary Iridales Irises 
6 stamens 

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

4. Flower-mounted on Graminales Grasses 
fibrous spike 

5. Flower-mounted on Pandanales Cat-tails 

6. 
fleshy spike 

Flower-mounted on Arales Jack-in-the-
spadix Pulpit 
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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 clase. 

There is also a large segment of middle class business 

and professional men and a large Negro population. 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 sections 

of seventh-grade students, totaling 123 students. Three 

of these sections are so-called "bright" or n�verage 11

pupiis; · three sections are considered to be 11 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 g�ade, 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 testo 

The control group was composed of the 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 0 bright, 1• n average" and "slow learners." The_ir pre

vious training in science was similar. 

Data concerning the levels of intelligence of the 

students in both groups are founi 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 24 19�83 91 - 100 14 14.43
81 - 90 19 15.70 81 - 90 15 15.46 
71 - 80 18 14.88 71 - 80 1

i 1•
43

61 - 70 11 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 4 3.31 21 - 30 5 5.15 
11 - 20 4 3.31 11 - 20 10 10.31 

0 - 10 5 4.13 0 - 10 5 5.15 

31 

Table I shows that the scores of 72.72 percent of

the experimental group lie above the fiftieth percen

t_ile whereas 60.82 percent of those of the control

group are in that range. 

The Learning Program 

The basic text used by both the experimental and 

control groups was Living Things by Holt, Rinehart and 

W_inston, and an un ublished syllabus used in the school 
\ 

system, "Science and the Science Student," prepared 

under the direction of Harold Hungerford. 
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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 experim ntal group. 

The goals of this lesson are to (1) observe the 

s-ructures 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 wel

fare. 

The class began with the reading of the appropriate 

pages in the text intr.oduc ing 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 indivi ually 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 

d 



observe the compound eyes, mucous mouth parts, wing 

stubs and feet pads. The significance of these strucr

tures to the surviv,. l of the fly was discussed·. 

A short classro m fi entitled, "The House Flyn
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was used to show how many of these same structures make 

the fly detrimental to man's welfare. 

The control gro p, 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 occasion 1 direct observation of natural 

phenomena. Student records required were written 

reports. 

The Achievement Test 

n 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 �acts a nd prin

ciples. The second items require responses to problems 

or anecdotes, thus testin 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 consolidated into one 

test for the purposes of this study to provide measure

ments for a broad ran e 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 4-6) 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' grades. A copy of the test is 

found in the Appendix. 

3 
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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 

agai assured that the results of the test would not 

affect their grades. 

• 
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CHAPTER IV 

A..liIALYSIS 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 techniques. 

Raw Data 

As stated in Chapter III, an experimental science 

test was ad.ministered at the beginning of the first se

mester of the sevent grade to both experimental and con

trol groups, and again at the end of the second semester. 

The raw scores for both groups on the pre- 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 programmed for the IBM 1620 com

puter system at Western Michigan University for an 

analysis of covariance weighted for I.Q. 
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TABLE II 

INTELLIGENCE QUOTIENTS AND RAW SCORES ON SCIENCE TEST 

OF THE EXPERIMENTAL AND CONTROL GROUPS. 

Test I.Q. Pre- Post- Control I .Q. Pre- Post-
Group Test Test Group Test Test 

A 120 53 67 A' 124 67 74 

B 106 36 42 Br 91 44 55 

c• 152 88 104 er 90 43 46 

D 114 46 52 nr 90 36 42 

E 136 56 75 E' 112 48 75 

F 103 55 59 F' 79 46 28 

G 90 30 44 G' 121 63 89 

H 107 51 71 H' 92 40 58 

I 108 70 78 I I 131 70 13 

J 118 74 91 J' 119 53 66 

K 115 68 84 K' 78 36 31 

L 110 35. 46 Lr 90 40 43 

M 120 71 76 M' 119 45 66 

N 126 40 65 Nr 100 25 40 

0 92 30 45 0' 102 61 60 
. .

p 131 60 64 pr 123. 55 69 

Q 114 43 55 Qr 118 54 59 

R 93 68 66 Rr 110 36 45 
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Test. I.Q. Pre-. 
Group Test 

s 99 47 

T- 113 56 

u 128 64 

V - 94 33 

w 06 (L7 

X 96 ·52

Y . 132 60

z 115 59

AA 116 55

BB 112 63

cc 115 49

DD 109 45.

EE 94 27

FF 110 42

GG 100 32

HH 100 37

II 113 41

JJ 103 30

KK 96 37

LL 79 22

TABLE I I (Cont • ) 

Post- Control 
Test Group 

59 s• 

63 T' 

87 U' 

I
44 V' 

�-6 w: 

54 X' 

62 y, 

65 z, 

�t. 
AA' . '-· 

64 BB' 

68 cc• 

56 DD 1 

29 EE' 

64 FF' 

34 GG' 

40 HH' 

57 II' 

41 JJI 

39 KK' 

45 LL' 

I.Q. Pre- Post-
Test Test 

114 49 59 

83· 45 45 

101 38 71 

104 33 53 

114 � 41 67 

97 37 43 

144 6J 87 

147 71 83 

97 30 35 

97 34 31 

101 50 55 

105 56 57 

86 34 40 

121 49 65 

151 77 84 

127 45 56 

84 33 42 

120 53 56 

93 40 42 

109 29 56 
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TABLE II (Cont.) 

Te t I .Q. Pre- Post- Control I .Q. ·Pre- Post-
Group Test Te t Group 'J;1est Test 

. .

MM 87 36 2�l MM' 128 41 51 
I 

NN 125 74 91 NN 1 .104· . 34 55 

00 99 39 32 00 1 88 29 56 

pp 106 52 55 pp, 113 43 53 

QQ 107 37 40 QQI 110 37 62 

RR 117 50 62 RR 1 133 62 70 

ss ·96 61 68 ss• 110 53 63 

TT 101 50 54 TT' 1_15 57 82 

uu 123 60 83 UU' 122 57 83 

vv 111 43 52 VV' 100 55 63 

ww· 98 31 37 WW' 111 33 43 

xx 127 48 55 xx• 111 36 35 

yy 104 35 55 yy, 102 39 57 

zz 119 43 51 zz• 103 53 51 

AAA 102 43 :31 AAA' 94 37··· 59 

BBB 114 38 46 BBB 1 114 51 76 

CCC 105 38 . 60 CCC' 122 48 62 

DDD 105 36 43 DDD 1 100 27 35 

EEE 118 42 52 EEE 1 89 39 41 

FFF 126 Lr3 62 FFF 1 119 34 55 
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TABLE II (Cont.) 

T st I .Q. Pre- Post- Control I.Q. Pre- Post-
roup Test Te t Group . Test Test 

GG-G l2L� 51 73 GGG' 118 52 66 

HHH 88 41 35 illIB' 113" 37 36 

III 118 26 44 III' 97 33 45 

JJJ 128 69 71 JJJ' 105 47 65 

KKK 117- 41 54 KKK' 92 26 27 

LLL 136 38 57 LLL' 115 41 41 

MMM 107 45 52 MMM 1 77 16 43 

NrN 125 37 59 NNN' .115 45 57 

000 109 52 70 000 1 113 35 61 

PPP 114 38 5 PPP' 129 47 49 

QQQ 134 41 53 QQQ' 124 67 70 

RRR 110 61 65 RRR 1 121 61 63 

sss 107 35 .53 sss• 111 65 68 

TTT 122 39 56 TTT' 91 38 52 

uuu 145 88 99 uuur 105 29 45 

vvv 136 46 68 VVV' 102 23 36 

WWW 130 63 85 WWW' 126 58 71 

XXX 119 65 72 XXX' 125 78 84 

YYY. 108 46 50 yyy, 133 56 68 

zzz 138 48 57 zzz, 92 34 43 

AA.AA 95 37 51 AAAA' 127 68 81 

C 
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' 
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TABLE II (Cont•) 

Test I.Q. Pre- Post- Control I.-Q. Pre:.. Post-
Group Test T st Group Test Test 

BBBB 94 35 25 BBBB 1 114 40 64 

cccc 99 54 65 CCCC' 144 81 83 

DDDD 111 36 42 DDDD 1 114 43 ,50 

EEEE l�ut- .52 47 EEEE' 116 64 74 

FFFF 112 50 68 FFFF' 103 30 37 

GGGG 123 55 .58 GGGG 1 109 
. 

29
.

53 
. .

HHHH 108 49 64 HHHH 1 89 33 39 

IIII 126 34 44 IIII 1 95 40 .57 

JJJJ 96 46 51 JJJJ' 105 36 52 

KKKK 109 33 40 KKKK' 130 60 71 
I 

LLLL 114 42 49 LLLL' 112 25 41 

MMMM 79 38 3.5 MMMM' 100 40 51 

NNNN 117 39 72 NNNN' 82 32 38 

0000 117 70 ·76 0000 1 85 22 29 

pppp 122 34 40 ppppt 93 40 33 

QQQQ 116 50 63 QQQQ' 98 32 33 

RRRR 101 31 40 RRRR' 109 68 7.5 

ssss 19 44 51 SSSS 1 62 31 29 

TTTT 131 81 97

uuuu 136 88 96

vvvv 124 83 88

e 

1 
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TABLE II (Cont.) 

Test I .Q.1 Pre- Post- Control I.Q. Pre·- Post-
Group Test Test . Group Test Test 

wwww 93 37 .22 

xx.xx 104 19 43 

YYYY. 128 5L� 
I 

65 

zzzz 12L� 67 -70

AA.AAA 104 27 5�-

3BBBB 148 56 79 

ccccc 125 63 70 

DDDDD 85 32 41 

EEEEE 82 40 20 

FFFFF 85 43 35 

GGGGG 114 52 58 
. 

HHHHH 111 44 61 

IIIII 88 24 38 

JJJJJ 99 46 64 

KKKKK 118 55 70 

LLLLL 101 61 62 

l"ll-W11vIM 9_6 26 30 

NNNl"N 76 24 30 

00000 139 36 55 

ppppp 102 32 39 

QQQ,QQ 105 41 45 
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Analysis of the Test Scores 

Table III su.."llmarizes the gains for the experi

mental and control groups. For the experimental group 

the gain was 9.18 poin sand for the control group, 

11.22 points. 

Group 

Experi-
mental 

Control 

TABLE III 

SUMMARY OF GAINS ON THE SCIENCE 

ACHIEVEMENT TEST 

Mean on Mean on Mean 
Pre-test Post-test Difference 

47.04 56.22 9.18 

44.51 55.73 11.22 

The significance of the difference between the 

mean gains of the two groups was calculated by an 

analysis of covariance. From this calculation the "F" 

value was found to be 2.9718 which fails to indicate 

the difference i� significant at the five percent 

level. The summary of these calculations is found 

in Table IV. 

t 

-

. 
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TABLE IV 

SUMMARY OF ANALYSIS OF COVARIANCE 

Source of Variation df 

Between groups l 

Within groups 216 

Total 217 

Mean Square 

191.9160 

64.5775 

50 

F 

2.9718 



CHAP ER V 

SUMMARY, CONCLUSIONS I.ND RECOMMENDATIONS 

Th . P oblem 

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 

(�inety-seven students), taught by another instructor, 

made up the control groupo Both groups were adminis

tered an experimental science achievement-test at the 

be_ginning of the seventh grade and again at the end of 

the second semester. 

During the school year, the experimental group 

wa_s 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, t e significances of the difference 

between the mean gains of the two groups as computed 

by means of an analysis of covariance. The weighting 

factor was the I.Qo 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: 

1. 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. 

2e The mean gain in the total scores of the con

trol group was 2.04 points higher tha� the �ean 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. 



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 

general science than the traditional method used w · 1..1.

the control group. 

Rec ornme nd at ions 

In so far as the conclusions in this.study are 

valid 9 the following recommendations are offered: 

1. Although the experimental teaching technique

did not prove to be particularly effective in this 

study, it is 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 technique, 

oriented toward the experimental effort attempted here 

might be used, if such a test becomes available. 
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J. In order to eliminate the personality variable

involved in having a different instru?tor f?r 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 Relationships of Light To Image Formation 

Image formation related to the fundamental laws 

of light provides the basis for the concept in this 

unit. A clear light bulb filament of V shape (Westing

house 200 watt) is used. as the object for real images 

::.n the basic experiment. Almost any object may be used 

for virtual images. 

Light ray diagrams constructed by the students 

provide tangible evidence of how the image is formed. 

R al light rays are represented by solid line seg

ments, virtual Y v8 by dotted lines. The amount of 

geometry applied may be varied according to the back

ground and abilities of th class. Materials for 

this activity 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� unit on light 

I. Aperture images

II. Plane surface images

A. Reflective images--mirrors

B. Refractive images--lenses

III. Curved surface images

A. Reflective images--mirrors

1. Concave

2. Convex

B. Refractive images--lenses

1. Concave

2.. Convex 
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Aperture image 

The light rays re lected from an object to form 

an image in a si. igle , edium will serve ·to introduce the 

facts that (1) light rays travel in a straight line, 

(2) light rays .can be seen only when they are re lec

ted from an object .o 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 sc een. 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 

image. This construction provides a visual aid in 

understanding these three factors of light ray be

havior. 

f 
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Plane surface ref_ective ima es 

The relationshi� of r9f_ect d light rays to a 

plane reflective su_·:""ace may e illustrated by 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 a plane mirror 

at an angle, the angle of incidence can be observed to 

be equal to the angle of reflection. 

The 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 .rays, extended beyond the mirror as 

dotted lines (virtual light rays), form the comparable 

points of the imageo 

Students are encouraged to discover application 

of this principle such as the periscope, galvonometer. 

. . 

and ordinary dresser 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 by the 

image formed by lig t rays reflected from an object 

unde_ 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 

normal when entering the water 

An understanding of this basic law of refraction 

is required in order for the student to record what he 

has observedo With a rectangle to represent the · 

aquariu.rn and a: point source for the object, he must 

then construct line segments representing the re

fracted light rays. His drawing will make clear why 

a swimming pool appears to be more shallow than it is, 

thus necessitating the lab ling of depth as a safety 

precaution. 
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Curved surface reflective images 

Light rays reflected fr•om an object to a· curved 

reflective surface may be used to sh9w how.images are 

formed by the 1 w of reflection. This can be demon� 

strated by placing a clear light bulb filament be

tween the focal poinu 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 classo 

The concave mirror can be diagrammatically re

presented by an arc whose chord is perpendicular to 

65 

a horizontal line, the principal axis. The reflection 

of the light ray parallel to the principal axis from 

a given point on the object is 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 thus con

structed and t.e angle of reflection copied. The sec

ond light ray is represented as the normal, intersect� 

ing the first to produce the comparable point of the 

object on the image. An image 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 t·he use made of curved 

mirrors. 

.L. 



Organization of curved surface reflective images 

lo Concave mirrors 

a., Objoc·� � JOnd cc::rce:;. .... of curvature 

bG Object at· the center of curvature 

c. Object between the center of curvature
and the focal point 

d. Object between the focal point and the
mirror 

2. Convex mirror
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Curved surface refractive images 

The image o�med by light rays reflected from an 

object t:-::"ouc·-� a - ·c:....,7ed 7 ens will illustrate the re-

- atio·�s:::-.ip '.:.,1.., .., ;e,;;;- ·c: I.., 1 ,1 0.1. ref actio · and L""(lages 

formed by lenses.· Place the filament of a clear light 

bul at the center of curvature of a convex lens and 

project the image onto a screen. A real, inverted 

image is observed by the classo 

68 

Fo� th student record the convex lens is dia

grammatically ro,r�santed by t ro arcs whose common 

chord is a perpendicular bisector of a horizontal line, 

the principal axisQ An understanding of the law of 

refraction is required in order to construct the line 

segments which represent light rays as they enter and 

leave the surface of the iens at an angle to the normal 

(a line segment from the center of curvature of the 

lens to th point WI'-ere the ligh� ray parallel to the 

principal axis of the lens strikes the lens surfac }. 

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 lie;ht ray is· con

structed to the center of the lens as.a straight line 

segment. By the convergence of these tw9 light rays 

a comparable point :on the image is formed. The prin-

f 

.a. l '· 



cipal axis may be used to represent the formation of 

the other extremity� An image analysis correlates the 

experiment and the s�udent activity. 

This type imr�e is used in reproductive pro

cesses w�ere a real image identical to the object is 

desiredo 

Organization of curved surface refractive images 

lo Convex lens 

a. Objec beyond center of curvature

b. Object at center of curvature

c. Object between center of curvature and
the focal point 

d. Object batween the focal point and the lens

2. Cone ave lens
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Aun· In Motion Relationships 

The relationship of motion to objects.intro-

uces. he hysical concepts of velocity, power and 

accelera ion. Each of these relationship. will be 

demonstrat d or experienced experimentally. The 

materials necessa y for these experiments are a stop 

watch and a variety of objects in motion. Before the 

experiment is begun, the procedure for solving the 

problem algebr ically is ou'lined. Each student rep

resen s the problem diagrammatically and solves it 

individually, using that system of mathematics which 

he prefers (fractions ., decimals, etc.). He then makes 

a mathematical reco d of the demonstrated experiment� 

Applications of the principles studied in this 

unit enable pupils to understand many of the basic 

motion pheno ena of the physical universe. The pr c

ti al nature of the experiments and student involve-• 

m nt in the_ help torr-a e pupils aware of a eas in 
. . 

which the e principles pply in their daily life. 

Organization of a unit in physical relationships 

1. Speed . . . . . . Linear 
Circular 

2. Work • •  a • • • •  Work quantity 
Work timed 

3. Acceleration • • •  Linear
Circular
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Uniform snee 

· Dist a ce _d tin rela·cio ships serve as an in-

teresting basis for a study of uniform speed. A 

typica experim- t • igh-i:; o ;:;i · o" producing a h rp 

sound at the end of ong corridor. With the length 

of the hall and the speed of sou d given g the time 

interval between the source and echo sounds can be 

observed. Then t e nterval may be checked experi

mentally by measur·ng the ti e ith a stop watch. 

Each stud nt shows tangible record of the rela

tionship by his-mathematical prediction of the re

sultso The long distance traveled in a short time 

helps to clarify the relationship of speed to dis

tance traveled. Application of this speed to jet 

planes and rockets and the cons quent necessity of 

instrument flying could be pursued. 

Organ zation of uniform s eed 

Linear Uniform S:eeed 

Speed s = D ❖ T Ball throw 

Distance D = s X T Battery-driven 

Ti T = D ❖ s Sound echo 

Circular Uniform SEeed 

toy car 

Sc = D ❖ T Earth's surface speed 

72 

Speed 

Distance 

Time 

D 

m 

= Sc 
= !) 

X 

X 

T 

Sc 

Earthts revolution distance 

Moon 1 s evolution of earth time 
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Work 

Distance, weight and time relationships are 

studied to understand the physical mea·ning of work and 

power. A student contest of speed in climbing a stair

case may serve as an experiment in time rate of doing. 

workQ The procedure is outlined with the students 

and the data filled in as the information is obtained. 

With the verti�al height of the staircase and the 

student as weight recorded, �:e then measures the 

climbing tirneo Each student may use his own time or 

the shortest time attained by a class member. 

This cor-cept helps pupils understand the relation

ship between the we;i.ght of any vehicle and its power. 

Organization of work 

Wor·k Quantity 

Wk = Wt x D 

Wt= Wk "' D 

Student climbing 

1: 4 pulley system 

Work 

Weight 

Distance D = Wk · \.'lt Inclined plane 

Work Tir'.led 

Power 

Work 

'l'ime 

P = (Wt x D) f T Student climb timed 

Wk= PT 

T = Wk f P 

Rated motor in operation 

Rated rocket with given 
weight and altitude 
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Uniform acceleration 

The relationship•between uniform change in speed 

and directio form the basis for understanding uni

form accel ration. A variety of objects may be u ed 

.f"o observation of acceleration relationships. If a. 

bucket of water is swung overhead with sufficient 

ace leration--greater than gravity--the water will 

rerain in the bucket. Before a student does this, 

the radius (the stu ent's arm to the center of 

r v·ty o · the bucket) is recor ed by each person. 

As the bucket is swu� j) : the time for one swing is 

recordedG From this the velocity is calculated and 

then the acceleration. A circular acceleration 

graph may be required of the student to make the 

concept more tangible. The mathematical procedure 

aids in o:t>ganization of the experimental facts • 

. This princip e 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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Organization� uniform acceleration 

Uniform Linear Acceleration 

Acceleration 

Distanc-e 

Time 

A= 2D .! T2
• 

D = .AT
2 

.:. 2 
• 

T = V 2D : A 

' 

\ 

Gravity (freely falling 
object) 

Vertical ball throw 

Freely falling object 
from a given height 

Uniform Circular Acceleration 

Acceleration A= v2 

Velocity V =✓A
0

R 

Radius :\ = v2:. 
. 

•

R
• 

Ac 

Small bucket of water 
swung vertically 

Maximum speed on circu
lar student run 

Min'imurn radius for cir
cular student speed 
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A Unit In Chemical Relationships of the Elements 

The more common elements reveal chemical and 

.hysica relations ips when gr uped cc rding to the 

numb r of lectrons i the val ce orbit of the atoms. 

bservation f plysical conditions a nd of chem-
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i a activity of th ele ent will be the basic experi-. 

rnentationo The student ctivity will be the geometric . 

construction of an atom of an element from each chemi

cal gr p. Vale ce is illustra ed by the number of 

alectron in the outer orbit, atomic n ber by posi-

tive particles in the c nter nd atomic weight by 

the sum total of neutral and positive particles in the 

center circle of the diagrarao 

Applic tion of the princ·ples illustrated will 

enable the stu ents to distin uish between the chemical 

and physical meaning of metal. The students also see 

that che ical activity is dependent on two things: 

the number o� v lence electrons and the affinity of 

the nucleus fo those electronso With these principles 

th y can explain phe omena which they have observed,. 

est blishi g a foundation to which they may relate their 

present knowledge of elements, and upon which further 

concepts may be built 
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Organization of chemical relationships of the elements 

lo Combini�g relationships 

2o : nic rolati nshipa 

3. Weighc relationships

Combining relationships 

The ratio of combined atoms in compounds pro

vides evicance of v2�c�ce in atoms, and illustrates 

the law o� combining p ·oportio s for mo ecules of 

compounds 

Decomposition of water by electrolysis into 

oxygen and hydrogen atoms in a ratio of one to two 

can be observed directly, since both products are 

gases and the number of atoms in.each is directly 

proportional to the volume of each product. In ad

dition to this, it c�n be observed that the oxygen 

atoms are liberated L�·the positive pole, thus having 

a negative valence and the hydrogen atoms are liber

ated at the negative pole, thus having a positive 

valenceo 

The valences of these two products are then re� 

lated to the valence of e.lements in all the other 

chemical groupse This relationship is shown in the 

following outlineo 

80 
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Organization of combinin� relationships 

Chemical Combining Experiment 
Group Rele.tionships 

I J ... + .h-:, 
lfa + H20 ➔ NaOH + H2

:::r Hg+ 02 2Mg + o2 � 2Mg0

III Al + 02 4A- + 302 -> 2Al2o3

IV C + 02 C + 02 ➔ CO2

V p --:- 02 p4' + 50
2 ➔ P4010

VI s + 0
2

s + o2 ➔ so2 

VII Cl+ u 2Cl + 2H2o-+- 4Hc1 + 02
.uz

VIII He + Ne Inert 

\ 
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Ionic rolationships 

The rolation�hip of atoms to the gain or loss 

of elect;:=-...,!�s c2n be demonstrated by common chemical re

actio·ns. The experiment consists of com.YT1on chemical 

reactions which are of economic importance and whose 

function depends upon ions from each chemical group. 

The hypothesis of ionization would require the 

presence of positive particles, protons, in the atoms. 

These are ;oo:m..:tric•ally constructed, equal in number 

to the nur.:ber of electrons, in the nucleus of the rep

resentative atoms (I-VIII)o The atom thus diagrammed 

co�responds to the ions formed in the experiment. 

Addition cf t�c common inorganic radicals will com

plete an introduction to the common ions. 

Application of this relationship will facilitate 

an understanding of compounds (combining proportions), 

solubility (ionization), and fundamental atomic struc

ture (atomic number)o 

Ij the following outline a coP�ise organization 

of ionic r-elationships·is presented. Experiments have 

been chosen to illustrate the variations in electron 

gain and loss
J 

introducing the concepts of atomic 

nmnber and radicalso 
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Organization of ionic relationships 

Group Solution Use Ex;eeriment Ion 

I NH4Cl D.1.·y cell Zn->- zn++ + 2e -

2r"iH4 + 2e -+- 2NH) + H + 
2 NH4 

II PbS04 Auto 
battery Pb ➔ Pb++ + 2e-

Pb+++ S04 = --r Pbso
4 

Pb++ 

III A_(OH)3 Water pur- 2Al+++ + 3s04= + )Ca( OH)2➔
ification 

2Al(OH)3 + 3caso4 Al+++ 

IV Non-ionic 

V rr
3

Po4 Fertilizer Ca3 ( P04)2 + 3H2so
4

➔

6H+ + 2(P04}� + 3CaS04 P0
4-

= 

VI Ca{OR)2 Plaster Ca(OH)2 +CO2-,..

ca++
-

co ::+ co3
- + H 02 3 

.VII HCl Water 2Cl2 + 2H20 -l:--
oxygen-

ator L�H+ + 4c1· + 02 c1-

VIII Neon Neon Inert conductor 
gas light 

\ 
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Weight relationships 

A co:m.pa.r·ison L1 weight of a.toms from the common 

0loments will serve ".';o :'_:-:'.:roc.uce the re.lationship of 

relative weight to quantit�tive measurement. Comparing 

the weight of a golf ball (heavy atom) with ping pong· 

balls (light atoms) serves to make this relationship 

tangible. The nu.�ber of ping pong balls will cor

respond to tho atomic weight of the golf ball.. With 

this introduction the stu· ents understand Avagadro's 

Nur.:ber as applied to g:"am atomic weights. Cori:imon 

elements may be used.in measu�ing or weighing pre

scribod numbers of atoms o

The additional mass required by relative weights 

can now be added to the geometric diagram of each 

- type atomo These particles, (neutrons) are placed in

the nucleus ,!) equal in :number to t he difference between

the atomic number and the atomic weighto

These principles introduce concepts that open 

an l.!ndcrstcnding of elementary quantitative analysis 

with interesting. applications in pharmacy; medical 

prescriptions 9 and micro..,techniques., Relationship 

between elements and gram atomic weights is shown 

in the following outline of this series of lessons. 

1 ._ 



rrganization of weight relation.ships 

Gro1..n., Elenent; - P�:T sic.?}. �tv.�c� Gram atomic weight 
- - -- ---

I Hycrcgen G ... ,. ·-' 11.2 liters at SoToPo

II Nercury Liquid 14.9 CCSo 

·I:i:I Aluminum Solid 26.98 grams 

IV Lead Solid 207021 grams

V · Nitrogen Gas 11.,2 liters at S.,T.P.

VI Sulfur P..morphous 32 grams 

VII Iodine Amorphous 126 .. 9 grams 

VIII Neon Gas 11.2 liters at SoToPo

\ 

\ 
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A Unit In E�rth-Sun Relationships 

The inclinatio· � o±:' ·:;he �arth I s axis to the per

pendicular ray<> of tr.1...:.. ::im� :.s the basic concept in

volved in u�derstanding earth-sun relationshipse 

The fact that the change in the earth's axis 

is only relative to the perpendicular rays of the 

sun can be demonstrated by mounting a globe on the 

free e:-id of ·che l1.orizontal demonstration bar at an 

angle of 24° � allowing it to revolve around the 

s�ngle vertical b�ro The sun may be represented by 

89 

a slide projector with a square fieldo Revolving the 

earth will dcx.o:1s'c1"a.te the earth 1 s significant seasonal 

positions (solstice and equinox) as well as signifi

Cajt lines of latitudeo Rotating the earth will dem

onstrate significant changes in length of our path 

in daylight and darkness as well as significant lines 

of longitude.,, 

Students represent the earth's significant posi-
. . 

tions in relation to the sun by multi-stage diagrams 

of the earth as a circle, the sun's rays indicated by 

�hading one vertical half of eacho 

With this background, the pupil can see the re

lationship between the change in seasons and change in 

length of day and night. In addition this principle 

is prerequisite to experimental determination of lati

tude and longit�deo 

• 



Organization of� unit in earth-sun relationships 

Seasons Inclination of Earth's Axis 
-----

Winter Win-::;,e:,:- so:::.;3tice to spring equinox. 66°-90°

Spring 

Surmner 

Fall 

Spring equinox to su..rnmer solstice. 90°-114°

Su..r:nner solstice to fall equinox • •  114°-90°

Fall equinox to winter solstice • •  90°-66°

Significant len6t;:h.s 

Local lengths 

L. _titua.e

Significant la·citudes

Local latitude

Longitude 

Significant longitude 

Local longitude 

90 
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Experimental determination of length of� day 

Variation in length of daylight and darkness 

can be shown to be a resu,_t of the earth's inclination 

to the perpendicular r-ays of the Dun� 

If one vs local latitude is ·represented. by a 

be.nd of opaque tape on the mounted globe, the relative 

length of day and night can be observed as the earth 

is rotated while at the correct seasonal position o

Given a piece of piain paper and protractor, the· 

students can reconst�uct the demonst:."'at:;..on geometr·i

cally, rep:.1esent.::.ng _the earth ·as a circle, the axis 

inclined according to the date and the pt ch. a chord 

to the circle perp·endicular to the axis at the proper 

latitudeo The circle is shaded through its vertical 

center line to represent daylight and darkness., The 

fractional part of the total path in daylight multiplied 

tir.�es twenty-four hours will be an estimate of the. 

length of that day e The students may then check their 

estimate-by comparing their· computed length of that 

day with the actual lengtho Actual length may be 

found either by use of an almanac or by measurement .. 

A study of the significant lengths of day and. 

night precedes this �eterrnination of the local length 

of a particular dayo The series of lessons may be 

organized in the following manner� 



OrR:anization of J.essons in len5th of day and night 

_., Sig�ificant leI'�;-:..: .. & o:.:' d2..y .'.lnd night 

a., WiEtO:C' :: .):..st ice 

b. Spring Gquinox

c.. Su..rnmer· solstice 

dQ Fall equinox 

2o Local length of day and night 
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Experimental determination of latitude 

Correlation of the significant lines of latitude 

with the altitude of �he su� du�ing an equinox enables 

one to observe his own latitude. The basic experi

ment consists of 11shooting the sun" with a protrac

tor and straight edge to calculate the altitude of 

the SUUo

The studentc represent the earth by a semi

circleo The classroom floor is represented by a tan

gene drawn to the perimeter a:� an arbitrary point of 

the :1.orthe::-n, daylig:.1.t quadrangle formed by the axis 

a�d equator. From this diagram the pupil can see the 

conplimentary relationship between the altitude and 

2snith angle and �herefore of latitude. 

This principle enables the student to locate 

his 9osition north or south on the earth's surface, 

just as would be done in solar navigation v

Determination of local latitude is preceded by 

a study of significant lines of latitude p as shown 

in the outline of this series of lessons o

94 
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Organization of lessons in latitude 

lo Significant li�es of latit�de 

TIME (N ., Hem ., ) POSITION OF SUN 

Equinox 

Wint0r 
solstice 

S 'U!l'.L"110 !'

solstice 

Equin.:ix 

Uin�er 

solstice 

Sw.:::r.2.er 
solstice 

Equinox 

90°N North pole Horizontal 

66°N Arctic circle Horizontal 

24°N Tropic of Cancer Perpendicular 

o0 Equator Perpendicular 

24 °s T:·opic o:t: Capricorn Perpendicular 

66°s Antarctic circle Horizontal 

90°s South pole Hori�ontal 

2e Local latitude 

95 
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Experimental dete�mination of longitude 

Ccrrelati0� of significant lines of longitude 

with the position of the sun di.:ring an equinox enables 

o�e to dotermine his own longitude� To observe this

experimentally we determine noon by the sun's apex. 

97 

The difference betwsen this time and noon, London time,. 

is then computed o The nu_mber of hours difference 

multiplied by fifteen degrees per hour will indicate 

the nu..rnber of degrees one is from the prime rne:-idian .. 

Students record this observation by representing 

the earth with a circ�e, the north pole as its centere 

They then divide the cir�le into twenty-four equal 

arcs, each arc bei�g fifteen degrees, the emount the 

earth rotates per houro Thus a tangible view of 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 eignificant lines of longitude precedes this de

termination of local longitude o



Organiz�tion of lessons in longitude 

-c

TI��-IE 
--

12 noon 

6 PcM. 

o
0 Prime meridian 

90°E. East 90° meridian 

90°vJ o West 90° meridian 

12 mid- 180° International date line 
night 

2o Local longitude 
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:i::ON 04' SUN 
--

Zenith 

Eastern horizon 

Western horizon 

Opposed zenith 
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This is a test of you� understandings in science and your ability to work with 

problems in science. The test questions look like this: 

s1. We use a thermometer to measure

a) rain.
b) snow.
c) air pressure.
d) time.
e) temperature.

Mark your answer to question s
1 

on your answer sheet. 

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 60 problems like this one. 

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

scratch paper; and :hen 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. 
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!mportant Facts and Prindples --

1. Which of the following causes the greatest 7. Thunder is heard after a flash of lightning because
-:.1.'usence from school? a) the air is full of moisture.

a) colds b) light travels faster than sound.
b) scarlet fever c) sound travels only through air.
c) mumps d) sound travels in straight lines.
d) measles e) sound t" ... els faster than light.
e) chicken pox

8. The main difference between clouds and fog is that
2. You will p1·obably live longer than your grand-

parents because a) one is denser.
b) one is heavier.

a) hor;rns are better heated than in the :Jast. c) one is closer to the ground.
b) people retire sooner than they used to. d) one contains more dust.
c) modern homes are air conditioned. e) one contains more water vapor.
d) people are stronge1· ·chan they used to be.
e) more is known about the causes of disease.

9. Day and night are caused by the

3. =f water co 1tains ha:·rnful bacteria, it can be
m'.lde s....:a to d,:ink by 

a) phases of the moon.
b) revolution of the earth.
c) revolution of the sun.

a) st:•aining it through a clean cloth. d) tilt of the earth's axis.
b) boilirig it for at least 10 minutes. e) rotation of the earth.
c) mixing it with air.
d) allo ving it to stand in sunlight.
e) adding a teaspoon of baking soda. 10. The seasons change because the

a) earth's axis is tilted.

4. '::':-ie most common cause of home injuries is b) sun turns on its axis.
c) moon travels around the earth.

a) fires. d) earth turns on its axis.
b) poisons. e) earth's orbit is oval.
c) falls:
d) electric wiring.
e) careless use of guns. 11. Moonl" ght is ca;.J.Sed by

a) gases on the moon.

5. Rock wool and fiber glass are good insulators
because they

b) radioactivity on the moon.
c) lib"ht reflected from the earth.
d) light reflected from the sun.

::.) :o.osorb heat. e) the moon's hot surface.
b) contain dead air spaces.
c) reflect heat.
d) allow air to circulate. 12. The star nearest to the earth is
e) are good conductors. a) Vega.

b) Alpha Centauri.

6. Clothes dry fastest outside when the air is c) the North Star.
d) Orion.

a) cold and moist. e) the sun.
b) cold and dry.
c) warm and moist. Go right on to the next page. 
d) warm and dry.
e) none o.:: these.
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I. Volcanoes are found mainly in

a) desert regions.
b) mountainous regions.
c) offshore regions.
d) arctic regions.
e) deltas.

l. 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.
b) smothering it.
c) cooling it.
d) combining with-the fuel.
e) combining with the oxygen.

>, Which of these is not a form of oxidation?

a) melting of ice
b) rotting of wood
c) burning of coal
d) rusting of iron
e) burning of fuel in a rocket

1. Soap suds are produced best with

a) ocean water.
b) lake water.
c) rainwater.
d) well water.
e) tap water.

3. Which of these is important in controlling
insects?

a) ear y plowing
b) field mice
c) bees
d) birds
e) fertilizers

19. Bees are important to farmers chiefly because

38 

they

a) serve as food for birds.
b) make honey.
c) 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.
b) teeth.
c) digestive systems.
d) milk glands.
e) backbones:

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
p) 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.
c) 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.
b) the ice will not cool the food so well.
c) the food will cool faster.
d) the ice will not melt.
e) the food will not spoil.

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. 

2{. The sepals of a flower protect the bud before 
the flower opens. Where are the sepals? 

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

25. If d,is is an apple blossom, which part will
develop into the apple?

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

2 6. Where are the seeds formed? 

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

27. Where are the pollen grains "ormed?

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

28 0 By holding a plant upright, the stem helps the 
plant to get 

a) chlorophyll.
b) air :;.nd sunshine.
c) watei·.
d) nitrogen.
e) minerals.

,/ B

/' . .
H 

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

a) absorb rainwater.
b) make food.
c) protect the planto 

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

30. Green plants make their own food using sunlight
&nd

a) chlorophyll.
b) nitrogen.
c) oxygen.
d) carbon monoxide.
e) proteins.

31. Which statement best describes the main job of
a flower?

a) To produce seeds
b) To make food
c) To store food
d) To attract bees
e) To carry on photosynthesis

Go right on to the next page. 
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- ." ... Study of Simple Iv achines -

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

A -Lever 
B -Wed6e 
C -Wheel-ai:.::--4.x:le 
D -Pu:.ey 
E -Inclmsd Pl2.:1e 

Decide which simple machine would be 
most useful to do each of the jobs iisted 
below. 

1 A man wants. to raise a box to the top of a tall 
builC:i ,g. 

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

A man is pushing a baggage cart up an airport 

'.l) A b) B c) C d) D e) E

,. A boy scout is chopping wood for a campfire. 

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

,. A man is j_acking up his automobile. 

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

,. A girl is twisting a doorknob. 

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

' A woman is digging up dirt with a spade.

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

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

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

- 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 
wl1Gn the .birds' toes are curled around an 
object. As the toes curl around a tree-limb 
or wi:::-e, 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 stater.:.e::1t is all true. 
t -if the statement is likely true. 
? -:: you cannot tell from this study whetl!er 

the statement is true or false. 
f -ii 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) 

40. Some animals sleep while standing on all four
legs. ( T -t -? -f - F) 

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

42. All birds that sleep while standing on one leg

40 

are water birds. (T -t -? -f -F) 

43. Canaries have locking tendons in their feet
and legs. ( T -t -? -f -F) 

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

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

46. Many birds prefer to live in birdhouses, rather
than sleeping outside. ( T -t -? -f -F)

Go right on to the next page.
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-- , n Experiment wM, G,•,.::en n!: --

Tom wrote these notes in his science notebook: 

"We filled a small medicine dropper with 
g:·cen ir:k. Then Mary put the d:·op:1e:· i:1 a 
gl::.ss of water withod squeez:r!6 o,1t 2.ny 
ink. The teacher left the glass on 1 ;:;�· ds::s:( 
without lettiag ai-,yor:e toJ.c>. �-- 'i/.1er. we 
came to school the nex. c.2..y, all the w,;.ter 
in the g!ass was green. '' 

4: 7. Which statement best e::plains what happened? 

a) A liquid takes the shape of its container.
b) H2::..ting a lic.uid makes the molecules move

faster.
c) The molecules of a gas move faster than

those of a liquid.
d) The molecules in a liquid are always mov

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

the g:ass.

48. Wh::.ch sta-.:ement best explains why Mary· wa.s
aole to fiL the dropper with green ink and keep
it from running out while she placed it in the
water?

a) Air pressure pushes i.n all c:rectio:1s.
b) Air molecules are always moving.
c) .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 observ:1tion with the green ink. Which
is :1ot 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 t:::.blet 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
witho-1t 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
af�ect the experiment?

a) There would be no difference.
b) ':'he water would evaporate quickly.
c) The green color would stay in the dropper.
d) The green color would spread more slowly.
e) The green color would spread faster.

-- An Experiment with Geranlum 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.
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.
b) stomata.
c) palisade cells.
d) chlorplasts.
e) vascular bundles.

Go right on to the next page. 



-- A Study of Sour.c!s 

All som�ds :l.re caused by the vibration, or 
back-and-forth movement, of the molecules 
of some material. Differences in sounds 
2.�·e ca�sec. by differences in the way objects
vibrate.

For exa,.:ple, if objects vibi·ate s:i.owly, tr.e 
sounds produced are usually low" :: c��2.0 ·s 
nbra:;:e r:::.pidly, th"' sou-1ds a:r2 !:igl,e::--. 
S0.iw objects vibrate so fast t!-J.at the sound 
cannot be hear by human ears. 

" A !na:1' s voice is deeper than you:· voice because 

ai his vocal cords vibrate more slowly than 
YOlll'S. 

b) his vocal cords vibrate more rapidly than
yom·s,

c) :.e tal'.rn louc�er than you do.
d) he has _arger lungs than you have.
e) his voca: co:-ds have a back-and-forth move

me:1t.

In :::. pi:::.no, ion� heavy st:·ings produce low notes, 
:::..1d sl:.ort thin strings produce high notes. The 
reason for t!:".e differences is that 

a) tU . ...-1 strings vibrate tco rap:.dly to he heard
by numans. 

b) long heavy strings are used the r:-,ost and
'·' il� last longer.

c) long heavy strings vibrate faster than short
thin strings.

d) long heavy strings vibrate more slowly than
short thin strings.

e) iong heavy strings stay in tune better.

,. There are special dog whistles that can be used 
to c8Jl dogs" The dogs can hear the whistle, but 
r.::ost peop:e cannot. The reason is that 

a) dogs have longer ears than humans.
b) dogs are tramc:o. to hear the whistle.
c) dogs have better ears �nar; humans.
d) the whistle vibrates very rapidly.
e) the whistle vibrates very slowly.

' .._,e;ienLsts know that no sounds can be neard in
outer space. The reason is that 

a) lig:-,t travels faster than sound.
b) there a:-G no molecules m outer space.
c) cosmic rays in outer space des(roy sound.
d) it is too dark in outer space.
e) it is too cold in vder space.

-- 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. 

!.Jater, they put tp.e tissue-paper "window" 
on one· of the real windows in their room. 
1·1i_en the sun shone on the window, Jo:n
s::..w 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.

58. People 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.

59. 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
b) g�·een
c) red
d) white
e) black

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

a) absorbed none of the sunlight.
b) reflected all the sunlight.
c) absorbed some of the sunlight.
d) transmitted all the sunlight.
e) refracted the sunlight.

42 
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· �'1.is is a test of your understandings in science and your ability to work with
problems in sc!..ence. T::1e tes·� cuestio s look like this:

s
1 . The e:::rth revolves around the sun about once every

a) 12 hot.:rs.
b) 24 b.ours.
c) 7 da�1s.
d) 28 days.
e) 365 ¼ d1ys.

Mark your ar..swer to question s
1 

on your answer sheet. 
1 The ea:::-th revolves a.round the sua once a year - once every 3654days. 

The answer is 365 ¾ days, and you S30uld have marked the fifth answer 
space for problem s

1
. Be sure that you filled in the fifth answer space 

with a heavy black ma0�!<. 

In this test you will find 75 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. 

Yo· _ score will be the nur.::.:..er of answers you get right. Be sure to mark 
one answer - ' e answer you think is righ - for each problem. 

[: . 
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- lmportant·'Facts and Principles --

J'he 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
c) 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 by erupting volcanoes. ,· 

In plants, the term photosynthesis refers to the 
a) assimilation of carbon dioxide.
b} green coloring matter.
c) 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.
c) 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.

7. 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.
c) auxins are necessary for plant tropis;ms

to occur.
d) plant leaves reach for the light ..
e) sunlight encourages plant growth.

8. 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.

c) 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.

9. 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.

10. 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. 
J molds. 

e) yeasts.

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

a) All bacteria are harmful.
b) All bacteria are useful'.
c) 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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Bae eria in the blood stream may be destroyed 
by 

a) blood plat lets.
,, b) plasma. 

c) red corpuscles.
) toxi s.
) w ite corpuscles.

Mate ·a1 for growt and r pair of body iss ·es 
comes mainly from 

a) fats.
b) proteins.
c) stare s.

) s gars.
e) vitamins.

Fossils are most ely to be fo d in 

a} g anite.
b) lava.
c) marbl .
d) obsidian.
e) shale.

The r etal obt i ed from hemat· e ore ·s 

a) copper.
b) iron.
c) lead.
d) uraniu
e) zinc.

oil erosion can be reduced by 

a) crop rotation.
b) contour p owing.
c) dry farming.
d) grass burning.
e) intensive cultivation.

P oject Mohole is a effort to 

a) measure the cosmic rays in o ter space.
b) reac the deepest part of the ocean.
c) reach the mantle of the earth.
d) send a manned sa el ite to the moon.
e) send television signals around the world.

Tides are ch· efly t e result of the action o 

a) earth uakes.
b) hurricanes.
c) solar storms.
d) t e moon.

) t e sun.

19. The principle of buoyancy is not primarily
involved in the operation of -

a) a balloon.
b) a sailboat.
c) a submarine.

) an airplane.
e) an ocean liner .. ·

20. r_. : ; ource of energy that we use least 
ef °lcie t y ·s 

a) coal.
b) natural gas.
c) oil.
d) sunlight.
e) water power.

21. A physical property of a substance may be
identified by

a) analyzing it under a spectroscope.
b) burning it.
c) reducing it to a powder.

) testfng it wit • cid.
e) weighing it.

22. Chemical compounds are always formed when

a) a gas is changed into a liquid.
b) a solid is me ed.
c) a substance is changed in o a gas.
d) two or more s bstances unite.
e) two substances are mixed.

23. 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 a non-moving
liquid.

24. White light may be dispersed by a

a) lens.
b) mirror.
c) polarizing glass.
d) pr·sm.
e) quartz glass.

Go right on to the next page 
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5. The best type of wire to use o the heat·ng
element of an electric toaster is

a) al inum. 
b) copper.
c) nichrome.
ct) silver.
) tungsten. 

3. W en coal is b rned,

a) all the coal is rec: c tc .!.shes. 
b) 11 he matter is co vert o ene: gy.
c) the coal is change to other chemical

substances.
ct) the elements in the coal are destroyed. 
e) t e matter ·n the coal isappe rs.

I. Large bodies of w ter

a) heat and cool at the same rate as la
b) heat more rapidly and cool. mo e slowly

t an lal').d.
c) heat and cool more ra_ idly than land.
d) heat more slowly a 1d cool more rapidly

han and.
e) eat an cool more slowly than and.

t The large-scale movements of air masses a e 
regulated chiefly by 

a) barometric pressure.
b) jet st ams.
c) the phases of the moon.
d) e humidity of the mass.
e) the tempe ature of the mass.

). A cold front is most generally fol owed by 
weather hat is 

a) calm.
b) clear and cool.
c) extremely windy.
ct) warm and cloudy.
e) warm and humid.

l. .uman control over the movement of large air
masses

a) is p obably imposs·ble.
b) will require vast quant·ties 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

luna p.robes.

Study of utrients in Corn -

One day the st dents in South Junior High School 
were testing food to find out what nutrients are 
p esen i corn. The following statements are notes 
t at were wr·tten in the notebook of one of the 

A. "We crushed a dry corn seed and tested it
wit iodine. turned black. "

:S. "We c ushed a dry co n 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 o the following statemen s: 

31. Corn seeds contain starch.

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

32. Corn seedlings change starch into sugar.

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

33. A growing corn seedling oxidizes food.

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

34. Dry corn seeds contain little or no sugar.

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

Go right on to the next page. 
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Study of DD 

:n this part of the test you wi find the desc i t·o 
)fan experiment, ollowed by a ser·es o sta eme ts. 
�ea the descript · on of the experiment and then 
:lassify each of the statem nts u • e one o" the 
:o ow· g categori s:

T - Definitely True, prove by t' e stu y.
t - Probably t ue in ight of the study. 
? - Not relevant o t study. 
f - Probably false in ight of the stu y. 
F - Def'ni�ely False, proven by the study. 

�/hen wild hou eflies wer collected fro an a ea 
v _ r no insecticide cont L ·ng DDT had been used, 
bout 99 percent of these fl· es were killed by an 
irdinary e .. os _ e to DD . The ema· ing 1 per-
:e t o  surviviI:.g ·es, when allowed o mate and 
·epro uce, p oduced offspring whic wer res·stant
o DDT. A g e ter amount of DDT than that used on
h first generat· on was r quired in orde to kill
19 percent o these offsp ing.

:5. Ave y small percentage of the first-generation 
flies surv·ved exposu e to DDT. 

(T - t - ? - f - F) 

6. All houseflies are now resi tant to DDT.
(T - t - ? - f - F) 

,7. DDT should no onger be used as a insecticide. 
(T - t - ? - f - F) 

8. DDT and lead arsenate are bot insecticides.
(T - t - ? - f - F) 

9. There is evidence t at mosquitoes develop
resistance to DDT. (T - t - ? - f - F) 

0. A large proportion o second-generat· on house
"lies rema· ed alive when exposed to an ordi
nary amo nt of DDT. (T - t - ? - f - F)

Res·stance to DDT has created a probl m with
respect to co trol of houseflies.

(T - t - ? - .,, - F) 

2. Many ly sprays co tain DDT.
(T - t - ? - f - F) 

3. A greater amou t of DDT is required to kill
DDT-resistant houseflies than to kill ordinary

ouseffes. (T - t - ? - f - F) 

Ot er species of insects have developed res·s-
tance to D T. (T - t - ? - f - ) 

47 

45. DDT is effective for the control of many insects.
(T - t - ? - f - F) 

6. An ordinary exposure of houseflies to DDT kills
99 percent of the flies when they or their
a cestors have never been exposed to DDT.

(T - t - ? - f - F) 

Study of the Pia t M s --

or many years interest has been expressed as to 
w. ether life exists on the planet Mars. Observations

· at Lowell Observatory show that seasonal dark
arkings in each hemisphere of Mars become 

greener and more pro inent in the late s:pring 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 indicate1

a) Mars' equator is inclined to its orbit.
b) Mars must have the same crustal composi

tion as the earth.
c) Mars must have some form of vegetation.
ct) Mars is rotating on its axis.

· e) Mars must have an e liptical 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 b ot animals. 

· c) 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.
c) exclude plants but not animals.
d) exclude life as we know it ori earth.
e) are not · • portant in considering the possi

bilities of life on Mars·. 

50. Because of the thin atmosphe e , ., can 
be concluded that the

a) escape velocity is very high.
b) planet has a core of iron and n · ckel.
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 Stu y of a o·a ra of h art 

r e diagram below indicates the position of r _e 
earth on a certain day of the year. Use this diagram 
-� answering questions 51-55.

51. The ear h's axis is re r sented by le t r

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

52. Li e A epresents

a) Antarctic Circle.
b) Arctic CirclG.
c) ear 's axis.
d) Equator.
e) Pr"me Meridian.

53. n the Northern Hemisphere, the season of the
year is

a) spring.
b) summer.
c) fall.
d) winter.
e) imposs·b e to say.

54. t this time of the year, the distance between
e earth an the sun is

a) less than 93,000,000 miles.
b) mo e than 93,000,000 miles.
c) exactly 93, 000, 000 miles.
d) app oximately one light year.
e) approxi ately 186,000 miles.

55. he diameter of the earth can be measured in
two directions - by the line labelled A, or by a
line from E to F. Which of the following best
describes these two distances?

a) T e lengths of these two .:. es are not known.
b) The two li es are equal.
c) T e lengths of the two lines vary.
d) T e line rom E to F i he longer.
e) The ine th�o gh A is e onger.

A Study of Iron Ore Production 

Suppose that in 1950 all of the Minne$ota iron-ore 
producing areas experienced an increase in the 
t ns 0. i on ore mined. The following percents of 
1:..:. �-;:_3es are to be compared with the year 1949: 

48 

Mesabi Range 10% 
Cuyun� 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 - ? - f - F) 

57. The Mesabi produced only one tenth of the
total amount of iron ore mined in 1950.

(T - t - ? - f - F) 

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

59. The Spring alley Area has the greatest tonnagE
of ore available. (T - t - ? - f - F)

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

61. The Cuyuna produced he same number of tons
of ore as did the Vermilion.

(T - t - ? - f - F) 

62. Production of iron ore was greater in Sweden
than in Minnesota in 1950.

(T -:-- t - ? - f - F)

63. Considering all four deposits, Minnesota more
than doubled its output of 'iron ore in 1950.

(T - t - ? - f - F) 

Go right on to the next pa1 
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S-t1.:dy of Two Kinds of Thermometers -

We are concerned here w:th a comparison of two 
kinds of thermometers. One of these, known as the 
Centigrade thermometer, is shown on the left below; 
the other, known as the Fahrenheit thermometer, is 
s'""G\/,.._ o� .. t�.:e :-ight . 

. �"'3,rn:· f::2 ·'tems th:t follcw °Dy referring to the two 
li�er�-1.,1�::..e·�c .. :s s 10,1l:.1. 

Centigrade Fahrenheit 

Boiling_ 100° n 212° _ Boiling 
Point 7T Point 

rreezing _ 0° 32° _ Freezing 
Point Point 

oo 

64. How ma:1y degrees are there between the
freez:.ng point and the boiling point on the
Centigrade thermometer?

a) 32

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

b) 100
c) 180
d) 200
e) 212

65. How many degrees are there between the
freezing point and the boiling point on the
Fahrer.heit thermometer?

a) 32
b) 100
c) 180
ct) 200
e) 2U

66. How does a Fa..hrenheit degree compare with a
Centigrade degree?

a) The Centig:·ade degree is larger.
b) They are the same size.
c) The Centigrade degree is smaller.
d) Tl':e Fahrenheit degree is larger.
e) They vary with the thermometer used.

a) 5 degrees
b) 10 degrees
c) 18 degrees
d) 25 degrees
e) 48 degrees

68. If the freezing point on a Fahrenheit thermo
meter is 32 degrees above zero, then how
many degrees Fahrenheit above zero would
a temperature of 10 degrees on the Centigrade
thermometer be equal to?

a) 5 degrees
b) 10 degrees
c) 18 degrees
d) 25 degrees
e) 50 degrees

Go right on to the next pa1 

- />. 



SC C

- . -. S1.Jdy d Vision -: :o"th Water -

Jack placed a penny on the bob:om of a pan. He then 
si;ep:Jed back so he just missed seeing t>.e :penny 
_ever �he :·im of the p2.n (as in A). Ee rl-ca:ained 
standing in position, and continued to look at the 
bottom of the pan while another student poured 
wate:· slowly into the :pan so as not -�o :�eve the 
penny. As the water ro""e in -�he ::.::ian, U-.2 penny 
gradually c:i.me intc Tac1,;:' s view (as in :S). 

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

':'he statements th.at follow relate to the problem. 
Cl;;�ssify each o: the Ptatemen'�s according to the 
followi;:g: 

T - Defin�·�ely True, p"oven by the study. 
t - rrobably true ll. light of the study. 
? - Not !'elev:mt to the study. 
f - Probably :.:::.:.:..v :.:-. :ight of the study. 
F - Dcf:.11itely False, proven by the study. 

69. Jack :;:c.nained standing in the same spot while
the water was being poured into the pan.

(T - t - ? - f - F) 

70. When a beam o: light strikes water on an angle,
it bends upwara. (T - t - ? - f - F)

71. Jack began to see the penny because the water
acted as a :ens. (T - t - ? - f - F)

72. As the water was being poured, the penny did
mt move. (T - t - ? - f - F)

73. On leaving the water, the light reflected from
the penny ber:t toward the boy.

(T - t - ? - f - F) 

74. Since the penny appeared to be higher up than
it rea.i.�y was, Jack could see it through the
water over f e rim of the pan.

(T - t - ? - f - F) 

5[ 

Boy's eye 

� 
A 

Boy's eye 

�/ 
B 

Apply the information from the above statements in 
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) '.' at" the fish
d) somewhat " below" the fish
e) far " below" the fish

,-
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