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CHAPTER I 

INTRODUCTION 

Today, science education literature is saturated with teaching de

signs which have been created by a number of organizations that were 

established for the exclusive purpose of producing new approaches to the 

teaching of science (19). The varying views of how best to teach 

science, which probably equals the number of researchers involved, are 

reflected in the multitude of forms that science education programs 

have assumed. A majority of the educators, working on new teaching 

approaches, endorse inquiry that centers about laboratory work (22). 

Superimposed on the inquiry theme are two more important themes. One 

theme is of special interest to the teacher in that it holds that the 

student at work should emulate the scientist at work (1, 211, 32, 36). 

The other theme is of special interest to teacher-training instituions 

because it assumes that students who become teachers tend to teach in 

the manner in which they have been taught (5, 31). 

In order to so expose students and teachers to science, great 

emphasis has been laid upon laboratory work, especially upon the manipu

lation of laboratory apparatus. This emphasis upon laboratory work in 

the new approaches ranges as widely as do the approaches themselves; 

that is, from kindergarten through college (28, 7). Usually a par

ticular modern approach will have as a part of its overall program 

inexpensive but quite ingenious laboratory apparatus. Much time and 
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effort on the part of the teacher, as well as the student, is spent in 

mastering the manipulation of ingenious pieces of laboratory equipment. 

This study addresses itself to the question of what effect the 

manipulation of laboratory apparatus has upon one of the processes that 

the student should master during his study of science. That process is 

the interpretation of experimental data as defined by the American 

Association for the Advancement of Science in its modern approach en

titled Science,! Process Approach,(9). 

Background of the Study 

The studies discussed in this section served to establish a back

ground for this study. Completed dissertations, reports, and articles 

were reviewed in order to ascertain whether a study similar to this one 

was available for perusal. The three following dissertations were among 

the most closely associated works found. 

One study done at Oklahoma State University by Oshima was entitled 

"Changes in Attitudes Toward Science and Confidence in Teaching Science 

of Prospective Elementary Teachers" (24). Oshima's study concerns ele

mentary education majors who were exposed to two different teaching 

methods while taking a nine-week science methods· course. The two 

methods of instruction used were lecture-demonstration and individual 

investigation. At the end of the study, the conclusions drawn by the 

investigator were that the groups did not significantly differ in (1) 

their attitudes toward science, (2) their scores in science achievement, 

and (3) their student-teaching behavior. Only their confidence toward 

teaching science differed significantly (.05). The individual investi

gation group scored higher in confidence. 
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In a study by Postle entitled "The Value of Laboratory Work in the 

Natural Sciences for Students in Programs of General Education," three 

groups of general education students were used (29). When tested for 

proficiency and reasoning ability, those people who were exposed to 

laboratory work did not score significantly different from those people 

who were not exposed to laboratory work during the course. 

Another study by Oliver entitled "The Efficiency of Three Methods 

of Teaching High School Biology" employed three methods of teaching 

biology: the lecture-discussion, the lecture-discussion with demon

stration, and the lecture-discussion with demonstration and laboratory 

exercise (23). The investigator found no significant differences among 

the three groups in their ability to retain factual information, 

No studies involving the process of data interpretation were dis

covered, and as a re.sult, this study came to be more of an exploratory 

rather than a definitive work. However, the teaching method treatments 

used in this study were based upon the method of inquiry teaching de

veloped by Dr. J. Richard Suchman at the University of Illinois in 

Urbana, Illinois (42). Dr. Suchman's method of teaching by inquiry has 

been referred to as the "Suchman Method" and Chapter II of this study 

contains a rather detailed description of his work. 

Specific Statement of the Problem 

The principal objective of this study was to discover whether the 

manipulation of laboratory apparatus or the viewing of the manipulation 

of laboratory apparatus--a demonstration--had a significant effect upon 

the ability of elementary education majors to correctly interpret ex

perimental data. Research on the principal objective of the study 
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demanded the development of an instrument because there was no appropri

ate instrument available at the time of the study. 

Specifically, the study attempted to ascertain significant dif

ferences as mentioned in the hypotheses. The study compared three 

methods of instruction in science relative to the interpretation of 

experimental data. 

Hypotheses 

The princi.pal hypotheses tested in this study were: 

1. There is no significant difference in scores concerning ability 

to correctly interpret experimental data made by education majors who 

have experienced the Suchman method of inquiry exclusively and those who 

have witnessed a demonstration employing laboratory apparatus, in addi

tion to having experienced the Suchman method of inquiry. 

2. There is no significant difference in scores concerning ability 

to correctly interpret experimental data made by elementary education 

majors who have experienced the Suchman method of inquiry exclusively 

and those who have manipulated laboratory apparatus, in addition to 

having experienced the Suchman method of inquiry. 

3. There is no significant difference in scores concerning ability 

to correctly interpret experimental data made by elementary education 

majors who have witnessed a demonstration employing laboratory apparatus, 

in addition to having experienced the Suchman method of inquiry and 

those who have manipulated laboratory apparatus, in addition to having 

experienced the Suchman method of inquiry. 
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Need for the Study 

Time, effort, and money are required to set up and maintain labo

ratory apparatus. Any instructional innovation that might save a little 

time, effort, or expense on the part of the institution training ele

mentary teachers, which in turn could be used by the elementary teacher 

while on the job, would indeed be worthy of research. 

Limitations of the Study 

There were several limitations involved in this study that may 

have been influencing fact.ors. 

1. The population used for analysis was limited to only senior 

female, elementary education majors at Oklahoma State University. None 

of the students used in the analysis had previous teaching experience 

and their ages did not exceed twenty-five years. 

2. Since the participation of the cooperating student teachers 

was not on a voluntary basis, there may have been some covert reluctance 

on their part to participate in this study with full enthusiasm. 

3. The actual topics of academic study used in the instruments 

concerned physics and math. Few elementary education majors have had 

extensive experience with physics and math; therefore, there may have 

been some hesitation on their parts to participate in this study with 

a normal measure of confidence. 

Assumptions of the Study 

The following assumptions were made: 

1. The instrument used in this study was valid in measuring 

ability to correctly interpret experimental data. 



2.- The experiments selected for application in this study were 

the type suitable for the exercise of data interpretation. 

3. The topics selected for di,scussion. were conunensurate ·in dif

ficulty with the ability of the student teachers used in this study. 

Definition of Terms 

1. Apparatus-·An instrument, device, or piece·of equipment that 

is essential for the proper execution of laboratory work. 

2. Approach-·A large organized manner or theme of teaching of an 

.entire subject body complete with all texts, laboratory books, labora• 

tory equipment, films, etc. It · is usually set up by a cotnllli ttee such 

as: Biological Science Curriculum. Study, Physical Science Study Com· 

tnittee, etc. 

3. Data••Phenomena, observations, occurrences, and measurements 

used as a basis of reckoning or some facts on which an inference is 

based. More specifically, materials serving as a bash. for discus don 

and further thought or action (9). 

4. Demonstration--A showing emphasizing salient phenomena, and 

principles which always involved the apparatus that was used by the 

laboratory group. 

6 

5. Demonstration group--The class group that received a demon

stration by the teacher of the same experiment upon which the laboratory 

group worked. 

6. Experiment--A trial made to confirm or disprove-some principle 

·or effect. 

7. Inquiry group--The class group whose entire treatment following 

the pretest consisted solely of the Suchman method of inquiry. 



8. Interpretation--A student's explanation, conception, belief, 

version, judgment, or elucidation concerning experimental data. 

7 

9. Inquiry method--A teaching method in which a student follows a 

series of procedures very much like the procedures used by a scientist 

in solving a problem (22). 

10. Laboratory--A space devoted to experimental study, especially 

a place where something is prepared or some operation is performed with 

some special apparatus. 

11. Laboratory group--The class group that actually performs the 

experiment that the demonstration group saw demonstrated. 

12. Lecture--A formal discourse intended for instruction 

13. Pretest--The instrument administered to all groups just fol

lowing the television tape viewing and just preceding the treatment. 

14. Posttest--The instrument administered to all groups shortly 

after the treatment. 

15. Process·-A mental ability, skill or practice essential in the 

solving of scientific problems (5). 

16. Manipulation--The act of treating or operating apparatus with 

the hands. 

17. Method--A regular way or manner of teaching; a set form of 

procedures of instruction. 

18. Retest--The instrument administered to all groups after the 

practice teaching experience. 

19. Suchman method of inquiry--An inquiry method of teaching in 

which the students, after seeing the manifestation of a scientific 

principle, put a series of verbal questions answerable by a "yes" or a 

"no II to the teacher ( 42). 
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20. Topic--The subject of a discourse or any section of it. 

Organization of the Study 

This study is composed of five chapters. Chapter I is the intro

ductory chapter and contains sections which relate the background of the 

study, the specific statement of the problem, the hypotheses to be 

tested, the need for the study, the limitations of the study, the as

sumptions of the study, and the definition of terms mentioned in the 

study. Chapter II is entitled "Review of the Literature." In that 

chapter, pertinent literature is discussed under the topic headings of: 

"Inquiry in Science Teaching," "Programs of Science Teaching Approaches, 11 

"Educators' Views on Science Teaching Methods, 11 "Science--A Process 

Approach," "Data Interpretation," "The Suchman Method," and a "Summary." 

Chapter III is concerned with methodology and design. That chapter in

cludes a descri.ption of the sample used in the study, the design of the 

instruments used in the study, the manner of application of the instru

ments used in the study, the data gathering procedure, and the statisti

cal design of the study. Chapter IV contains the findings of the study. 

Topic headings of that chapter include: "Results of Hypotheses Test," 

"Analysis of the Chi-Square Tables," and a "Summary of the Findings." 

Chapter V bears the title of "Summary, Cone lusions, and Recommendations." 



CHAPTER II 

REVIEW OF THE LITERATURE 

Our advance in education is limited to the level obtained by 

skilled teachers working on the basis of past experience just as the 

technical advances of the 18th century metallurgist was limited to the 

experience of the artisan. This paraphrased statement was made by 

Conant (10) in 1947. Fortunately, today, science education is advancing 

and the advances being made are seldom based on past experience of the 

teacher. Conant went on to say that scientists developed molecular and 

atomic models, and subsequently with the new models, metallurgy advanced 

beyond the wildest dreams of the artisan. So it is today, because 

models of teaching method have been created that are, no doubt, quite 

beyond the wildest dreams of the skilled teacher who was trained a few 

decades ago. 

Inquiry in Science Teaching 

According to Schwab (35), there exist two kinds of inquiry: stable 

inquiry and fluid inquiry. Stable inquiry is directed toward the em· 

bellishment of what is current. When the current set of principles no 

longer fits the problem at hand, then fluid inquiry should be brought 

into action. 

Fluid inquiry then proceeds to the invention of new conceptions 
and tests them for adequacy and feasibility. Its immediate goal 
is not added knowledge of the subject matter, per se, but 
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development of new principles which will redefine that subject 
matter and guide a new course of effective, stable inquiries. 

About the time of Sputnik, science education underwent a fluid inquiry 

purge. Today, stable inquiry, in the form of new ways in which to 

teach science, is flourishing. 

The common denominator of the new models in education is inquiry. 

Inquiry may take many forms and involve many terms, but it is ubiquitous 

in science education today (33). The word "inquiry" has been used so 

much that Joseph Schwab (30) has coined the word "enquiry" in reference 

to science teaching. 

In order to have an inquiry curriculum there must be teachers 

trained in the inquiry approach. About a program of teacher education 

in the inquiry curriculum, Schwab (31) says: 

A teacher whose own study has been dogmatic and doctrinaire 
will be unprepared to teach science as inquiry. A teacher whose 
own training has demanded, or done little to discourage, acqui
escence, dependency, and passivity will, in all likelihood, demand 
the same of his students. The first of these strictures bears 
mainly but not exclusively on the teacher's training in the 
subject matter. He will need to have a substantial part of that 
training in the form of inquiry into inqui.ry--enough of it to 
equip him with the ability to read and understand reports of 
inquiry. He will need to become familiar with the sorts of 
questions whose answers illuminate such materials. He will, him
self, need to understand the ways in which invention and obser
vation, datum and conception, interpenetrate to form the growing 
fabric of scientific knowledge. It is in this way, by developing 
the compecence to participate in the movement of scientific 
inquiry, that the teacher of science can, in truth, be a scientist.. 

In other words, the teacher should be taught in the same manner that 

he will be expected to teach. 

Textbooks in science education are bearing out the feelings of 

Schwab. In the preface of the textbook, Teaching Science Through 

Discovery, by Carin and Sund (2), the authors say: 

The concepts of teaching science as inquiry and as methods for 
investigation are developed and coupled with the vast accumulation 



of. t:E:sted id-=as :1nd principle.s. Evidence paints clearly toward 
an active progra.rn :Jf science education utilizing problem solving 
techniqu-2s. Procedures for the active involvement of professional 
scienti&ts, blended into cooperative planning and teaching of 
science with children, are given as guidelines for teachers and 
supervi.so:rs, who recogni'Ze the ne1::.d for greater structure and 
continui.ty i.n the. science program. 

The new approache& in thE teaching ,>f science that have been developed 

since the advent. of Sputnik do embody the features about which Schwab, 

Carin, and Sund wrote. 

Programs of Science Teaching Approaches 

Pr0f1::ssi.:m::tl sd.lic'nti.sts and educators have been active in the p Lan-

ning of new science education programs. The fruits of their labor has 

taken the form of new approaches in the teaching of science. Because 

of the involvement of many interested and capable professionals con-

tempora:ry teaching methods, especially in science education, have be.en 

the product of many minds. A glance through the Report of the 

International Clearinghot1se .2!1 Science and Mathematics Curriculum 

Developmenti;, reveals that there exists a large numbe.r of organizations 

whi.ch have be.,.n f.Jrmed :tor the sole purpose .:if creating new approac:hes 

in the teaching of science (19). There is available to the scie.nce 

teacher an e·ven greater numbe.r of different approaches since a few 

0rganizat.ior!S have produced more than one approach. The new approaches 

encompas:3 more than Ile\i' teaching techni.ques; they are manifestations 

of Conant' & "new models" in education. 

The first new approaches that were developed and put to widespread 

application in the clasaroom were programs that were designed expressly 

for secondary level curricula. After the secondary level approaches 

were in use:, t:hen beth el-2-menta.ry and college level programs emerged. 
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Although there are now many elementary level approaches available, there 

is but one well known new approach that was intended for the college 

curriculum. The Berkeley Physics Course is that modern college level 

approach (28). 

One early organization, circa 1959, established for the purpose of 

creating a new approach in the teaching of physical science, was the 

Physical Science Study Connnittee. A noted collaborator of the Physical 

Science Study Committee program was Jerrold R. Zacharias of the 

Massachusetts Institute of Technology. The Physical Science Study 

Committee physics program, the Chemical Bond Approach, and the Chemical 

Education Materials Study program were all designed for application at 

the secondary level (4, 3, 26). By 1963: 

Reports from PSSC, CBA, and CHEM Study teachers over the 
past few years have clearly indicated that an understanding of 
the nature of experimental physical science and some of the 
basic scientific skills could and should be acquired by the 
students before they take these courses in the senior high 
school. This served as the starting point to evolve a 
laboratory-oriented introductory physical science course 
which would properly equip students to meet the challenges 
of modern senior hi.gh school courses. 

Those words were written by Uri Haber-Schaim of Educational Services 

Incorporated i.n the. preface of the Introductory Physical Science text 

(2.5). The Introductory Physical Science approach was a product of the 

Physical Science Study Connnittee, and was designed for junior high school 

sc.udents. 

More than once the same scientists and educators have served on 

connnittees that ha.ve designed teaching approaches. Livermore worked 

with programs in secondary level chemistry and then again was associated 

with an approach for elementary school. students (4, 18). Zacharias, a 

pioneer in physics at the secondary level, with his work in the Physical 
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Science Study Committee physics approach, helped produce a program for 

elementary students entitled the Elementary School Study (13). It too, 

like its sister studies, is a complete work that includes special labora-

cory apparatus. 

Educators' Views on Science Teaching Methods 

A chain reaction, set off by the many new approaches that have come 

into being, produced a plethoric number of articles. In each article, 

the author expressed his own interpretation of the new approaches. 

Heathers (16) envisioned three processes at play in elementary 

school science: first, the process of inquiry with use of the sci en-

tific method; second, the process of nature in the cause and effect re-

lationship; and third, the process of applying knowledge through the use 

of the process of inquiry in nature. About the relationship of process, 

Gega (14) wrote: 

Most modern educators realize that for intelligent func
tioning it is at least as important to learn science thinking 
skills and attitudes (processes) as principles and facts of 
science (products). 

Neal (20) has written that the laboratory school at Colorado State 

College is involved with a program that was designed to lead the pupils 

in the ways that scientists work, think, and organize material. "In 

the ways of the scientist," appears many times over in comments con-

cerning the new approaches. In another article, Neal (21) stated that 

a major purpose of science education for children is to develop their 

ability to use methods of scientific inquiry that lead to critical 

thinking. Critical thinking or analytical thought demands the strength-

ening of several skills, such as recognizing and stating problems, 



selecting pertinent and adequate data, formulating and evaluating 

hypotheses, formulating conclusions, and applying conclusions and 

methods of scientific inquiry. 

14 

In the same vein, Hawkins (15) says that the difficulty that col

lege students have with the intellectual process does not stem from the 

complexity of college work, but rather from their home background and 

first years of formal education. For example, a student must have a 

concept of relativity of motion or at least realize the simple geometric 

relationship of light and shadow or he cannot begin to appreciate 

Ptolemaic astronomy. A student must have at his disposal a structure 

on which to build new concepts and expand old ones. 

In reference to the first years of formal education of which 

Hawkins mentioned, Utah State University is working on a project called 

"The Elementary School Science Project." Under this program, elementary 

pupils have been reported to be capable of mastering sophisticated infor-, 

mation not taught to them in the past. A junior high school science 

curriculum was not moved down to the elementary school level in order 

to do this. Rather science is taught as the scientist practices it, as 

a process and as a product. The students not only learn some facts, but 

also they learn of the "structural features" of the subject (1, 44). 

Science--A Process Approach 

The American Association for the Advancement of Science, Commission 

on Science-Education promotes the philosophy that science is more than 

a mere body of facts; it is a way of investigating and exploring. 

Process, discovery, concept, and inquiry are all terms freely used in 

the new approaches. Science--~ Process Approach, created by the 
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American Association for the Advancement of Science commission attempts 

to bring all of these terms to a meaningful fruition of experiences for 

the elementary child (18). The American Association for the Advance

ment of Science approach was written by a group of people, two-thirds 

of whom were astronomers, biologists, chemists, geologists, mathemati

cians, physicists, psychologists, and science educators, and one-third 

of whom were elementary teachers, and elementary school supervisors (18). 

This is just one example of the cooperative efforts of both scientists 

and teachers to build a satisfactory science teaching approach. 

Science--A Process Approach contains several unique features in 

its design. The unique features constitute deliberate divorce from the 

traditional ways of teaching science or any other subject area. In the 

realm of student evaluation, all objectives are stated in terms of be

havior and are measured with a binary scale. There is no ambiguity; 

either the child shows to the teacher, during individual contact, that 

he understands the concepts involved in the process of the exercise, or 

that he does not. The results are tabulated by the teacher in a "yes" 

or "no" form. Special guides have been constructed to aid the teacher 

in evaluation (5). 

Before the writing of each exercise was begun, the objectives of 

the exercise were defined. Based on the objectives, a clear and con

cise set of processes, or ways of science, to be mastered by the student, 

were set. The basic processes according to American Association for the 

Advancement of Science, are observing, classifying, recognizing space/ 

time relationship, using numbers, communicating, inferring, and pre

dicting (6). 
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At the upper elementary grade level, the basic processes are inte-

grated into formulating hypotheses, controlling variables, interpreting 

data, defining operationally, formulating models, and experimenting (9). 

These processes are steps that the scientist climbs as he does his re-

search. The science student is thus guided to work with his challenges 

much like the scientist works with his. 

Another feature of inquiry-oriented learning is that it is un-

necessary in planning courses for elementary school teachers, to organ-

ize them according to the traditional disciplines because "it is be-

coming increasingly difficult to separate the various scientific 

disciplines and to separate the sciences from their social implications" 

(22). The American Association for the Advancement of Science approach 

adheres to this line of thought since it is process oriented rather 

than content oriented. 

Data Interpretation 

A closer look at just one of the American Association for the 

Advancement of Science integrated processes, that of interpreting data, 

reveals the character of inquiry as it related to process. Concerning 

interpretation, Schwab (34) writes: 

Problems are posed to which the student does not already 
know the 'right' solution. Goals are set which call for de
velopment by the student of plans of attack and patterns of 
experiment. There may also be the effort to set situations 
in which the student is to find and formulate a problem as 
well as plan procedures and carry them out. In still other 
cases, the student is called upon to exercise judgment and 
choice concerning the parameters to be chosen for study, the 
indicators to be used, and the interpretation to be put on the 
data noted. 
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The Science--A Process Approach Commentarx for Teachers (7) has this to 

say about the meaning of data interpretation as an integrated process: 

The process of interpreting data is inherent in all of the 
other processes. It is presented as a separate process in 
Science--~ Proce,ss Approach to stress the, usefulness and often 
the nuances of this relationship. When a child is observing, 
classifying, using numbers and space/times relations, communi
cating, measuring, inferring, predicting or engaging in any of 
the other integrated processes, he is also interpreting data at 
many points along the way • • • He deals with· raw, unorganized 
data .••• He then organizes the raw data into sets and classifi
cation of his own choosing .••• He begins to learn to interpret 
data quantitatively. Graphing is introduced a little later as 
a useful means for communicating and interpreting ••• He learns 
the purpose of classification in data collecting .••• 

Thus it is that the interpretation of data, as a process, is inexorably 

woven into the matrix of inquiry. 

The Suchman Method 

J. Richard Suchman (43) has developed a fascinating version of the 

inquiry approach. He has worked exclusively with K-6 students at the 

University of Illinois. The Suchman method of inquiry, strikingly un-

like other inquiry methods, makes only remote· use of laboratory hard-

ware. In lieu of the student's manipulating apparatus in experimenta-

tion, Suchman has prepared a series of 16 millimeter, silent, color 

films. The film clips·last from three to five minutes.each, and are 

episodes that depict short physics demonstrations. The demonstrations 

show the action of selected cause and effect phenomena. Film segments 

are shown to the class and are immediately followed by a period in which 

the students ask questions of the teacher. The questions are so struc-

tured as to be answerable by a "yes11 . or "no" response. With this in-

quiry method format, the children themselves seek to solve the riddle 
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of why a cartesian diver bobs up and down, or why a bimetallic strip 

bends the way it does. Concerning inquiry guided learning, Suchman (42) 

wrote: 

To these children and others who are inquiring into the 
causes of physical phenomena, science is the discovery of new 
relationships. Children sometimes discover by accident; and 
sometimes by a skilled teacher. Whichever way it occurs, 
children are typically thrilled by the sudden new insights, and 
the learning that results has deep roots. But if we are going 
to teach the child how to discover meaningful patterns inde
pendently and consistently in a highly complex environment, 
we must teach him how to probe aggressively, systematically, 
and objectively, and how to reason productively with obtained 
data. In other words, we must teach the skills of inquiry. 

Suchman' s (42.) comments about the film segments are: 

In addition to their motivational function, the films pose 
cause-and-effect problems in very specific terms. They make 
available some parameters and suggest areas where important 
additional parameters might be·sampled. In short, the films 
provide a portion of empirical experience which the child must 
then relate. to{ his conceptual system. To the extent that these 
systems are no.t: sufficiently developed to accommodate the 
experience, he must expand and strengthen them through inquiry 
until he is capable of explaining the episode. 

Again from the same article, Suchman (42) gave his reasons for using the 

"yes" or "no" format. 

All probes are verbal, originate from the children, and 
must be so phrased as to be answerable by 'yes' or 'no. 1 

Keeping the inquiry at the verbal level permits the teacher 
and the rest of the group to keep track of most of the infor
mation the children are obtaining. The questions mustft'origi
nate from the children because the selection and design of 
questions are as much a part of inquiry as the interpretation 
one makes of the answers. The questions must be answerable 
by 'yes' or 'no' because in this way only can the child be 
discouraged from transferring control of the process to the 
teacher. 'Yes' or 'no' questions are hypotheses. The 
teacher in answering merely establishes the tenability of 
the hypotheses. If the children are permitted to ask, 'Why 
did the can collapse?,' the responsibility for selecting the 
kind of information to be supplied next would be on the 
shoulders of the teacher. The children would thus be re
linquishing their roles as inquirers by returning to the 
traditional dependent role of obedient listeners and 
memorizers. This would inhibit the occurrence of inquiry 
behavior. 



In support of his method of inquiry, Suchman (42) said: 

Most of the children who r~ceive training become more productive 
in their design and use of verification and experimentation. 
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They develop a fairly consistent strategy which they can transfer 
to new problem situations. They make fewer untested assumptions; 
they formulate and test more hypotheses; and they perform more 
contra lled vs. uncontrolled experiments in the course of their 
inquiry. 

Suchman has apparently struck at the heart of inquiry without the 

aid of mechanical devices which usually play an integral role in. the 

teaching of science. More than. one science· educator has b.een awi;ire of 

this inquiry-device relationship:. Schwab· (31} mak::e-s ref·er·ence ta, labora

tory apparatus in t~s- of st'ud.ent& S©:l!l(ght £.or :s~:Lenti.J!c;;;}J;~!g:i.1:1g· •. > 

We have sough':t' the student who. is attracted by the ~ubject 
matter of our science or by its. technical. methods and devices: 
.live things, te1escopes, electronic devices, dissection, col
lecting, construction • • • These criteria are useful, but they 
are not enough •. Taken alone, they may identify stable inquirers 
and standard engineers. They provide little, however, by which 
the i;;tudent of original mind and bent for frontier investigation 
can identify himself and be attracted. 

Sunnnary 

Schwab (31) succintly sunnnarized the characteristics of the tra-

ditional science curriculum-when he wrote: . "lhe traditional courses 

have been, on the whole, a literal trei;ttment of science and rhetoric of 

conclusions." · He went on toJsay that conventional courses have been 

prone to give· full attention to the conclusion or the end product of in-

quiry rather than accenting the process that braught about the conclu-

sion. Because of emphasis on a content oriented approach rather than a 

process oriented approach, a false ·image of what science really is was 

conveyed. to the student. The new approaches are· the antithesis of 

Schwab's opinion of the traditional way of teaching because the me·thod 

of reaching a conclusion is emphasized more than the conclusion itself. 
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.Among the modern inquiry approaches available today, two have been 

selected by the investigator to form the foundation on which this study 

is built. The Suchman method of inquiry (42) and the process of data 

interpretation as defined by the .American Association for the Advance

ment of Science (9) was the bases for the methodology and design of the 

study which is discussed in detail in the next chapter. Chapter III 

also mentions the actual topics that. formed the academic port.ion of the 

instruments used in the study as well as the modern approaches from 

which the topics were selected. Sample description, instrument design 

application of instruments, data gathering procedure and statistical 

design are all subheaded parts of Chapter III. 



C:MPTER III 

METHO:OOLOGY AND DESIGN 

Description of the Sample Induded in the Study 

The sample included in this study consisted solely of students en

rolled in three sect.ions of Education 4K2, Science in the Elementary 

School Curriculum, during the spring semester of 1967 at Oklahoma State 

University. Education 4K2 is a science methods course designed for 

prospective elementary school teachers. The course deals with the pur= 

poses, selection and organization of content, teaching and learning pro

cedures, and evaluation of outcomes in elementary school science. Edu

cation 4K2 is a senior level course meeting only during the first half 

of the semester. The second half of the semester is occupied with prac

tice teaching which was done off campus. All of the students in the 

course had taken at least one high school laboratory science course, 

usually biology; at least two years of high school mathematics, usually 

four hours in geometry; at least eight semester hours of college science, 

usually four hours in bological science and four hours in physical 

science; and at least six semester hours of college mathematics. All 

participants in the study had maintained at least a 2.3 overall grade 

point average (4.0 = A) while enrolled in the university. 

There were several restrictions that were enforced upon the sample: 

(1) Sampling was· restricted to women students since there was but one 
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male in the total class enrollment population. (2) Sampling was restric

ted to exclude any students who were over twenty-five years of age. 

(3) Sampling was restricted to exclude any students who had not been in 

attendance at all of the data gathering sessions. The total number in

cluded in the final analysis was seventy students, none of whom had 

taught prior to their enrollment in the class. 

Design of the Instrument Used in the Study 

A search for a suitable instrument with which to measure an indi

vidual's ability to interpret experimental data was unsuccessful, and 

the investigator was obliged to construct one for this study. The in

strument consisted of pretest, posttest and retest segments. The pre

test and the posttest were composed of four parts, each of which were 

given on different days. At the time of the administration of the tests, 

there were twenty questions in each part of the pretest and the posttest. 

Therefore, there was a total of one hundred sixty questions, eighty in 

the pretest and eighty in the posttest, given during the first phase of 

testing. During the second phase of testing, the retest was adminis

tered. A validation jury composed of nine experts selected sixty 

questions from the posttest which they deemed to be most valid and ap

propriate for the interpretation of data. These same sixty questions 

that were taken from the posttest were assembled to make up the retest. 

Each question of the instrument closely followed the form of questions 

found in the Physical Science Study Committee physics questions pub

lished by the Educational Testing Service (12) in that they were of the 

multiple choice variety, having five responses from which choices could 

be made. There was but one correct answer for each question. 
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The physical science topics from which the experimental data were 

drawn were deliberately selected. The intention was to select physical 

science topics that did not inexorably rely upon the use of laboratory 

apparatus for the interpretation of experimental data. Four physical 

science topics were chosen as vehicles for the interpretation of data. 

The, topics were borrowed from experiments found. in three modern ap

proaches intended for elementary school, junior high school and high 

school work. The particular experiments involved were: (1) Molecular 

Layers" which was adapted from an Introductory Physical Science Experi

ment entitled "The $ize and Mass of an Oleic Acid Molecule" (25), (2) 

"Inertia" was modified from a Physical Science Study Committee labora

tory experiment entitled "A Variation on Galileo's Experiment'' ( 27), 

(3) "Conservation of Mechanical Energy and Components of Work" was based 

on a Physical Science Study Committee laboratory experiment entitled 

"Changes in Potential Energy" (27):1 (4) "Levers"was adapted from an 

American Association for the Advancement of Science, Science--A Process 

Approach experiment entitled "Analysis of Levers" (8). The investigator 

adapted four sets of laboratory instructions for use in this study from 

the laboratory dir~ctions written for the corresponding modern approaches 

from which the physical science topics were taken. The laboratory in

structions used in. this stt,1.dy can be seen in the appendix. 

Four taped television lectures, with the investigator as the lee~ 

turer, were produced for use in this stt.1dy. The television sequences, 

lasting from sixteen to twenty-eight minutes each, were intended to serve 

as the sole source of factual information allowed the students since no 

texts, previous assignments, or advanced notices of any kind concerning 

t'l).e physical science topics to be taken up, were given to the students. 
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The television lectures were planned and written by the investigator in 

the television script form suggested by Draper (11) before any taping 

took place. One complete script and three scripts in outline can be 

seen in the appendix of this study. The equipment used to tape the 

television lectures included a Sony model GVC-100 television camera and 

a Sony model SV-300 one-half inch television tape recorder (40). All 

recording was done on campus in the ~cience education classroom-labora

tory before class meetings. The students viewed the television tapes 

during the class period in the classroom-laboratory on a Stechell

Carlson model 2100 twenty-one inch monitor (38). 

There always exists the possibility that one lectt,1.re can be pre

sented in as many different ways as there are teachers to give it. 

Then too, one teacher may present a lecture a little different each time 

he gives it. Therefore, the impetus for the engagement of taped tele

vision as an instructional medium coupled with the Suchman method of 

inquiry arose from a continued effort to eradicate the spurious factor 

of teacher influence upon the different groups of students used in this 

study. With taped television., each student group received exactly the 

same lecture in its most minute detail.. 

Manner of Application of the Instrument 

During registration, the students of Education 4K2 were allowed 

free choice of any one of three meeting times. Assignment to groups 

was, therefore, considered to be random, although groups of friends may 

have chosen the same meeting time after consulting with each other. The 

investigator made no effort to control choice factors of meeting time 

selection. Class meeting times can be seenj.n Table I. 
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TABLE I 

CLASS MEETING SCHEDULE Of THE THREE STUDY GROUPS 

Group 
Stude1;1ts in 
Attendance 

Students in 
the Study 

Meeting Times on * 
Mondays and Wednesdays 

Inquiry 31 20 10:30 - 11:45 a.m. 

Dem,onstration 27 20 12:30 - 1:45 p.m. 

Lecture 40 30 2~00 3:15 p.m. 

* All groups met Mondays, 3:30 - 3:50 p.m. 

Before registration was completed for Education 4K2, the three 

groups to be used in the study were labeled sequentially with the inquiry 

gro~p meeting first, the demonstration group second, and the laboratory 

group last. The decision as to which group was to meet which time was 

made far in advance of registration and was prompted by the availability 

of teaching personnel. Each group met at different times for one hour 

and fifteen minutes on Mondays and Wednesdays and simultaneously for 

twenty minutes at different locations on Monday afternoons. As it 

turned out, there were thirty-one students in the inquiry group which 

met 10:30 to 11:45 a.m., twenty-seven students in the demonstration 

group which met 12:30 to 1:45 p.m., and forty students in the laboratory 

group which met from 2:00 to 3:15 p.m. However, the actual number of 

students used in the statistical analysis of the study was twenty, 

twenty, and thirty, respectively. Since Oklahoma State University sub-

scribes to a teaching block program, the students met classes for one-

half of the semester and then did nine weeks of practice teaching before 

returning to the campus at the end of the semester. Mondays were chosen 

as days for data gathering since each of the.groups met classes twice on 



26 

that day. The third 9 fourth, sixth, and final Monday meetings were 

designated as data gathering sessions for the pretest and the posttest. 

All of the Education 4K2 students returned to the campus at the end of 

the semester for one day only. On that final class meeting of the 

semester, the retest was administered t9 the three groups~ 

Data Gathering Procedure 

At the beginning of the data gathering sessions, each of the three 

grou.ps was shown the. prepared closed-circuit taped television lecture. 

The students were encouraged to take notes while viewing the television. 

Immediately following the completion of the television tape, the members 

of the group took the part of the pretest that concerned that day's 

physical science. topic. Scratch paper, but no notes, were allowed 

during the pretest administration. The test periods were exactly 

twenty minutes long and were electrically timed. Following the col lee-· 

tion of the pretest booklets and answer sheet, all students were en

couraged to again look at their notes that they had taken during the 

television lecture. 

Up to this point, each of the three groups 1 exposures were iden

tical; i.e., television viewing, quickly followed by the pretest. The 

treatment of the groups followi.ng the pretest administration was super

vised by the investigator in the inql)iry and the demonstration group 

and by another teacher in the laboratory group. 

The inquiry group experienced an interlude of inquiry immediately 

after taking the pretest. The Such.man method of inquiry (42) was the 

exclusive method of treatment of the inquiry group. It allowed the 

participants to ask questions requiring a "yes" or "no" answer of the 



teacher. The students were encouraged to consult their notes and to 

converse with their classmates. Usually, a spokesman at each table, 

after a conference with her table mates, asked the questions. The 

questioning of the teacher extended to the end of the period. 
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One week before the data gathering sessions began: all three groups 

spent one period in training for the Suchman method of questioning. The 

three groups saw two brief television sequences which were patterned 

after Suchman's own short film clips (43). The students in all three 

groups·posed questions concerning the topics seen. The training session 

included a pedagogical discussion about the merits of this method of 

teaching. The reason why the Suchman method was chosen for this study 

was to further limit the spurious factor of teacher influence when 

answering questions of the students. The "yes" or "no" answer of the 

teacher supports only truths or falsehoods and. has little bearing on 

whether the students are following a prescribed train of thought. 

The ·demonstration group, after participating in the pretest, wit

nessed a demonstration of an experiment that was adapted from the ap

propriate,modern approach based on the physical science topics seen on 

television that same day. The dialogue of the demonstration teacher was 

mini~al during the demonstration. The students were encou~aged to refer 

to their notes taken while the television lecture was in progress. Once 

the demonstration was over, the students were allawed to ask question!:! 

in keeping with the SucQman inquiry method; i.e., questions answerable 

with a "yes" or "no." 

The laboratory group, following the pretest, was presented with 

written instructions for the day 1 s laboratory experiment. The students 

worked on the experiment in squads of three or four individuals. The 
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experiment was the same one, with the same apparatus, that was performed 

by the teacher in front of the demonstration group. The students were 

encouraged to review the notes taken during the television lecture, con-

verse among themselves, and ask questions of the teacher in the same 

form that questions were asked in the other two groups. 

On the same Mondays that the pretests were given, all three groups 

of students met simultaneously but in different rooms. Each group was 

given the section of the posttest based on. the day's physical science 

topic with a twenty minute time. limit again. imposed. The forementioned 

procedures were repeated four times on four diffe-ttrit Mondays during 

the first nine weeks of the semester. Finally, when the students re

turned from their n.ine week off-campus-practice teaching experience, 

the.y were then administered the retest segment of the instrument. 

Briefly, a summary of the data gathering procedure is as follows: each 

of the three groups saw the same taped television lecture and then took 

the same pretest; each group received a different treatment involving 

either inquiry~ demonstration, or laboratory; each group took the same 

post test; and fin.1;1lly, nine weeks later, each group took the same retest. 

Statistical Design 

Even though the students who made up the population of this study 

were screened to meet the prerequisites that were established for stu

dent teachers at Oklahoma State University, the investigator could not 

be sure that. the population upon which the study was performed was of 

normal distribution. Therefore, according to Siegel (37) non-parametric 

statistical tests were in order. Si.nee the hypotheses involved only 

significant differences of the three groups, taken two at a time and 
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the instrument, on final analysis, contained only sixty questions on 

which to base·conclusions, a decision to look for central tendency 

rather than variance was made. Finally, the groups were independent and 

the data gathered was of ordinal value. In consideration of the charac-

teristics of the study, the two tailed form of the median test was se-

lected to test the hypotheses. Siegel (37), in reference to the median 

test, stated: 

The median test is a procedure for testing whether two 
independent groups differ in central tendencies. More·pre
cisely, the median test will give information as to whether 
i.t is likely that two independent groups (not. necessarily of 
the same size) have been drawn from populations with the same 
median; the alternative hypothesis may be that the median of 
one population is different from that of the other (two tail 
test). • • • The test may be used whenever the scores. for the 
two groups are in at least an ordinal scale. 

The pretest, posttest~ and retest were subjected to the median test for 

two independent samples and "N" equal to or greater than twenty. With 

an ''N" of equal to or greater than twenty, the final statistical analy~ 

sis appears in the form of a chi-square table. The two tailed form of 

the median test was used since the hypotheses did not predict in which 

direction the final results would be. 

The pretest served as a tool for detecting significant differences 

between the groups previous to experiencing the treatment. The posttest 

was used to detect any significant differences between the groups shortly 

after the treatment exposure. The retest was ~ployed to detect any 

significant differences between the groups some-time after the treat-

ment. A comparison of the students' ranks of the posttest and the re-

test made it possible to then test for reliability. All testing was 

done relative to the interpretation of data and the significant dif-

ference limit was set at the .05 level of confidence. 



30 

Content validation of the instrument used in this study was ac-

complished by submitting the pretest, posttest and retest segments of 

the instrument to a panel of nine experts. The validation panel included 

four physicists, a chemist, an astronomer, a meterologist, and two 

science educators. In the book, Foundations of Behavioral Research, 

Kerlinger (17) has written the following about content validation: 

Content validation, then, is basically judgmental. The 
items of a test must be studied, each item being weighed for its 
presumed representativeness of the universe. This means· that 
each item must be judged for its presumed relevance to the 
property being measured, which is no easy task. In many cases, 
other 1competentu judges must also judge the content of the 
items. The universe of conten.t must, if possible, be clearly 
defined; that is, the judges must be furnished with specific 
directions for making judgments, as well as with specification 
of what they are judging. Then, some method for pooling inde
pendent judgments must be used. 

Those questions that received either a majority of comments, no matter 

how slight, or those questions which contained a serious defect, even 

if only one juror mentioned it, were cast out. Twenty-two questions 

were so removed from the total of one hundred sixty questions and they 

were not included in the statistical analysis. The post test was thus 

reduced to sixty questions by the jury. Later the students were again 

the recipients of these same sixty questions in the form of a retest. 

A posttest=retest comparison made it possible to determine a meas-

ure of reliability of the instrument. The statistical tool used for 

the measure of reliability was the Spearman Rank Correlation Coefficient 

for tied observations (37). The reliability was found to be .535. 

In brief, the statistical design was as follows: the pretest was 

used as a tool for ascertaining whether the three groups had equal 

standing before the treatment. The posttest served the purpose of de-

tecting differences among the groups following the treatments. In 



31 

conjunction with the posttest, a retest was used in a test~retest situ

ation.. A panel of experts established the validity of the test questions 

and test reliability was measured with the Spearman Rank Correlation 

Coefficient statistical tool. In the next chapter of this study, 

Chapter IV, the results obtained from using the statistical design 

mentioned in this chapter is discussed. 



CHAPTER IV 

THE FINDINGS OF THE STUDY 

A detailed discussion of the statistical results of this study con-

stitutes the body of this chapter. Pretest, posttest, and retest seg-

ments of the instrument were utilized in gathering data from which 

a.ssessments could be made of the comparative effectiveness of the teacp.-

ing methods used in this study. The statistical test applied in ana-

lyzing the data was the median test (37). Since each of the three 

treatment groups contained twenty or more students, it was necessary to 

employ the d1,i-square form of the median test to the data gathered. 

The level of confidence, alpha, was set at .05 for significant differ-

enc es. The raw data collected from each student included in this study 

appears in.this chapter and the st&tistical procedures used on that data 

are appropriately indicated. 

Results of Hypotheses Tested. 

-1-
Indicated in Table ]1 are the raw scores made by the students on 

the pretest segment of the instrument used in this study. The maximum 

possible score on the pretest was 78, and the range of the scores at-

tained was from 2.7 to 70. The laboratory group contained both the 

highest and the lowest score;:i. The median test was applied to the pre-

test scores for the purpose. of determining whether, the three groups of 

students were significantly different, at the .05 level of confidence, 
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in their ability to interpret experimental data correctly before any 

treatment was given them. There was no significant difference between 

the scores on the pretest of any of the groups that was detected by the 

median test. For the pretest, the null hypothesis of no significant 

difference was accepted. 
/'' 

Seen in Table I~ are the scores made on the posttest by each of 
.. / 

the three groups. The maximum possible score on the posttest was 60 

a~d range in scores was from 25 to 54. Again the laboratory group con-

tained both the highest and the lowest scores. After statisti.cally 

treating the scores with the median test j no significant difference was 

found between the inquiry group and the demonstration group. The null 

hypothesis of no significant difference between the inquiry group and 

the demonstration group on the posttest was accepted. No significant 

difference was detected between the inquiry ~roup and the laboratory 

group either. Therefore, the null hypothesis of no significant dif-

ference between the scores of the inquiry group and the laboratory group 

had to be accepted. When the raw scores of the demonstration group were 

compared to the.laboratory groupus raw scores 9 again no significant 

difference between the groups was found. The null hypothesis of no sig-

nificant difference between the demonstration group and the laboratory 

group in relation to their scores on the posttest was accepted. Finally, 

in summary, there was no significant difference found between any of 

the groups on ei the;r the pretest or the posttest. 

Nine. weeks after the administration of the posttest, the same 60 

.~ 

\t· test questions, in the form of a retest, were again posed to the stu
~j 

·-~ents in each of the three groups. 

the three groups of students. 

In Table IV are the retest f;lcores of '\ · I l ~\:,,' . 
The laboratory group no longer contained 

__, 



Inquiry Grot,tp 
(N = 20) 

54 
54 
50 

.49 
48 
47 
47 
47 
46 
46 
46 
44 
43 
43 
43 
42 
41 
40 
39 
37 

Median is 43.5 

TABLE II 

PRETEST RAW SCORES FOR THREE GROUPS 
(N = 70) 

Demonstration Group 
(N = 20) 

50 
49 
46 
46 
46 
46 
45 
45 
43 
43 
42 
42 
42 
41 
41 
41 
41 
41 
40 
39 

2 * X for Inquiry-Demonstration is .• 90 

x2 for Inquiry~Laboratory is .16* 

x2 for Laboratory•Demonstration is .16* 

* Not ~ignificant at .05 
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Laboratory Group 
(N = 30) 

70 
55 
52 
50 
50 
50 
49 
48 
47 
47 
46 
44 
44 
44 
44 
43 
41 
41 
39 
39 
39 
39 
39 
39 
35 
34 
34 
32 
32 
27 



Inquiry Group 
(N = 20) 

48 
47 
45 
45 
42 
42 
42 
41 
40 
39 
38 
38 
37 
.37 
37 
36 
36 
33 
31 
30 

Median is 39 

TABLE llI 

RAW SCORES OF ~OSTTEST FOR THREE GROUPS 
(N = 70) 

Demonstration Group 
(N = 20) 

51 
50 
49 
45 
44 
44 
44 
44 
42 
41 
41 
40 
39 
39 
38 
38 
35 
34 
34 
33 

2 * X for Inquiry-Demonstration is .40 

2 * X for Inquiry-Laboratory is .29 

2 * X for Laboratory-Demonstration is 2.46 

* Not significant at .05 
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Laboratory Group 
(N = 30) 

54 
53 
53 
52 
51 
46 
44 
41 
41 
40 
39 
39 
39 
38 
37 
36 
36 
36 
35 
34 
33 
33 
33 
33 
31 
29 
28 
28 
28 
25 



Inquiry Gro\,lp 
(N = 20) 

38 
37 
35 
35 
35 
34 

.32 
32 
32 
31 
31 
30 
30 
29 
29 
28 
28 
27 
24 
21 

TABLE IV 

RETEST SCORES FOR THREE GROUPS 
(N = 70) 

Demonstration Group 
(N = 20). 

39 
39 
36 
33 
33 
32 

. 32 
32 

.32 
31 
31 

.30 
30 
30 
29 
29 
28 
23 
22 
16 

Med;(.an is 30 

2 X for Inquiry-Demonstration is .OO 

2 * X for Inquity-Laboratory is 3.94 

x2 for Laboratory-Demonstration is 3.94* 

* Significant at .05 
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Laboratory Group 
(N = 30) 

50 
46 

,42 
38 
34 
32 
31 
30 
30 
29 
29 
28 
28 

. 28 
28 
27 
27 
27 
27 
26 
26 
26 
25 
23 
21 
20 
20 
17 
17 
17 
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both the maximum and minimum scores. The range in scores on the retest 

was from 16 to 50 with the demonstration group having the lowest score 

and the laboratory group retaining the highest s~ore. Even though the 

demonstration group was the holder of the lowest score tabulated, there 

was no measurable difference, with the median test employed, between the 

inquiry group and the demonstration. group. Therefore, the null hypothe

sis of no significant difference between the inquiry group and the dem

onstration group was once again accepted. However, unlike the posttest 

scores~ the retest scores indicated a significant difference between 

the inquiry group and the laboratory group. The null hypothesis of no 

significant difference between the inquiry group and the laboratory 

group based on the final testing was, therefore, rejected. Since no 

measurable difference appeared between the inquiry group and the demon

stration group, and since the inquiry group differed at the . 05 level of 

confidence from the laboratory group, then the demonstration group also 

differed significantly from the laboratory group. The null hypothesis 

of no significant difference between the demonstration group and the 

laboratory group was, therefore, also rej ei;:ted. 

In summary, the pretest and the posttest scores indicated no sig

nificant difference between any of the groups. The retest scores did 

not indicate any measurable difference between the inquiry group and the 

demonstration group but they did indicate significap.t differences at the 

.05 level of confidence between the inquiry group and the laboratory 

group, as well as between the demonstration group and the laboratory 

group, 
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Analysis of the Chi-Square Tables 

Interesting characteristics of the data gathered became evident on 

closer inspection of the chi-square tables. The information in Tables 

V and VI indicate that on the posttest, nine students of the inquiry 

group scored ~bove the population median and eleven students scored 

below) while on the retests, some nine weeks later, the situation was 

reversed, with eleven students scoring above and only nine students 

scoring below the population median. In comparison, on the posttest, 

the demonstration group contained twelve students that; were above the 

median and eight students that were below the median. However, by the 

ti.me that the retest was administered, the demonstration group was iden

tical to the inquiry group in respect that it too contained eleven 

students above and nine students below the population median. Although 

the inquiry group, as a whole, did not do qui.te as well as the demon

stration group on the posttest, it did equally as well as the demon

stration group on the retest some nine weeks later. 

When the inquiry group was compared to the laboratory group, a 

significant difference did not appea~ between the groups on the posttest, 

but di.d appear on the retest. The information upon which this obser

vation was based can be seen in Tables VII and VIII. It can be seen 

that while the inquiry group in.creased its number of students above the 

median after nine weeks, the laboratory group failed to do the same. 

The laboratory group had ten students above the median and twenty below 

the median on the postte$t and then had seven students above and twenty

three students below the median on the retest. 



TABLE V 

CHI-SQUARE TABLE OF THE POSTTEST FOR THE INQUIRY GROUP 
.AND THE DEMONSTRATION GROUP 

(N.= 40) 

Median Inquiry Group Demonstration Group 

Above 9 12 

Below 11 8 

Total 20 20 

2 * O{ = .70 . X =, .40 

* Not significant 

Median 

Above 

Below 

Total 

O{ = 

TABLE VI 

CHI-SQUARE TABLE OF THE REtEST FOR THE INQUIRY GROUP 
AND THE DEMONSTRATION GROUP 

(N = 40) 

Inqui,ry Group Demonstration Grqup 

·11 11 

9 9 

20 20 

.00 2 x = .oo 

39 

Total 

21 

. 19 

40 

Total 

22 

19 

40 



Median 

Above 

Below 

Total 

(){ 

* 

TABLE VII 

CHI~SQUARE TABLE OF THE POSTTEST FOR THE INQUIRY GROUP 
AND THE LABORATORY GROUP 

(N = 50) 

Inquiry Group Laboratory Group 

9 10 

11 20 

20 .30 

x2 = ·* = • 70 • 29 
I 

Not significant 

Mec;lian 

Above 

Below 

Total 

(){ 

* 

TABLE VIII 

.CHI~SQU~E TABLE OF THE RETEST FOR THE INQUIRY GROUP 
AND THE LABORATORY GROUP 

(N = ·50) 

Inquiry Group Laboratory Group 

n 7 

9 23 

20 30 

x2 = * = ·.05 3.94 

Significant at the .05 l.evel of· confidence 

40 

Total 

19 

31 

50 

Total 

18 

32 

.50 
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Finally, when the posttest and retest scores of the demonstration 

and laboratory groups were compared, the trend of greater disparity 

between the groups continued as can be seen in Tables IX and X. On the 

posttest the demonstration group had twelve students above and eight 

students below the population median while the laboratory group con-

tained ten· students above and twenty students below the median •. The two 

groups were not significantly different at the .05 level of confidence 

and the null hypothesis was accepted for the posttest. Nine weeks later 

on the retest, the demonstration group had fewer students above the 

median than before but the laboratory group had lost students from above 

the median also. The demonstration group had eleven students above and 

nine students below the population median while the laboratory group 

had seven students above and twenty-three below the population median. 

The difference between the groups on final testing had become signifi~· 

cant at the .05 level of confidence and the null hypothesis was re-

j ected. 

The statistical tool employed in finding the reliability of the 

instrument used in this study was the Spearman Rank Correlation Co-

efficient for tied observation (37). A correlation was determined be-

tween the posttest and the retest scores and was found to indicate a 

reliability coefficient, r, of .535. 
s 

Summary of Findings 

On final testing, the retest evinced that the inquiry group and 

the demonstration group were identical in their ability to interpret 

e~perimental laboratory data. The null hypothesis of no significant 

difference between the inquiry and demonstration groups was accepted. 



TABLE IX 

CHI-SQUARE TABLE OF THE POSTTEST FOR THE DEMONSTRATION GROUP 
AND THE I,.ABORATORY GROUP 

(N = 50) 

Median Demonstration Group Laboratory Group 

Above 12 10 

Below 8 20 

Total 20 30 

a = .• 20 x2 = 2.46* 

* Not significant 

';['ABLE X 

CHI-SQUARE TABLE OF THE RET~ST FOR THE DEMONSTRATION GROUP 
AND THE LABORATORY GROUP 

(N = 50) 

Median Demonstration Group Laboratory Group 

Above 11 7 

Below 9 23 

Total 20 30 

2 * O{ = .05 X = 3 .94 

* . Significant at the ,05 level of confidence 

42 

Total 

. 22 

28 

. 50 

Total 

18 

32 

50 
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On final testing, it was discovered that the inquiry group scored 

significantly different, at the .05 level of confidence, from the labora

tory group. The null hypothesis of no significant difference between 

the inquiry and the laboratory group was rejected. 

On final testing, it was found that the demonstration group scored 

significantly different from the laboratory group at the .05 level of 

confidence. The null hypothesis of no significant difference existing 

between the two groups was rejected. 

Lastly, on :final testing it was seen that the inquiry group and 

the demonstration group each had more students scoring above the median 

than below within the group and each had a greater total number of 

students scoring above the median than did the laboratory group even 

though the laboratory group had one-third more students than either of 

the other two groups. 



CHAPTER V 

SUMM.ARY, CONCLUSIONS, AND RECOMMENDATIONS 

Summary 

The purpose of this study was to discover whether the manipulation 

of appa.rat:us 9 or the viewing of the manipulat::Lon of app,aratu.s had an 

,~Efect: upon the stud.,.:nt 1 s ability to c,}rrectly interpret. experimental 

data. The defini ti.on of the process of interpreting data was taken from 

Scien_ce--~ Process ~ 1 by the American Association :for the Ad

vancement o:t Science (9). The interpretation of data is considered by 

them to be one of the integrated processes that a student should mast.er 

during his elementary school study (7). In accordance with the purpose 

of the study, an attempt was made to detect significant differences be

t.we.en thre,2 groups of student.a. The student groups were labeled inquiry 

group, demonstration group, and laboratory group. Group identification 

was determined by the amount of laborat:ory apparatus manipulation in 

which the stude.nts engaged. (1) The inquiry group received no ex

posure to the manipulation of laboratory apparatus. (2) The demon

stration group ·witnessed a demonstration that involved the manipulation 

of laboratory apparatus by the instructor, and (3) the laboratory group 

actually manipulated laboratory apparatus while engaging in laboratory 

e..xperiments. The groups were tested relative to their ability to cor

rectly interpret experimental data. The instrument used in the testing 

44 
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of the groups was constructed by the investigator expressly for this 

study. 

Inquiry is the underlying theme of nearly all the modern approaches 

to the learning .of science, and, ~ince the Suchman method (42) of in-

quiry was of a type that did not rely upon the manipulation of apparatus, 

it was the method selected for use in this study. The Suchman method 

of inquiry differs from other methods of inquiry in that the students 

manipulate no apparatus, however, after seeing a physical phenomenon 

reproduced, the students then ask questions of the teacher concerning 

that phenomenon. Only a verbal response of "yes" or "no" is made in 

answer. Suchman ( 42), the originator of the method, has said about the 

"yes" or "no" format: 

The questions must originate from the children because the 
selection and design of the questions are as much a part of 
iriquiry as the interpretation one makes of the answers. The 
questions must be answerable by 'yes' or 'no' because in this 
way only can the child be discouraged from transferring con
trol of the process to the teacher. 'Yes' or 'no' questions 
are ~ypotheses. The teacher in answering merely establishes 
the tenability of the hypotheses. 

The instrument used in this study was constructed by the investi-

gator, reviewed by a panel of nine experts for validity, and rendered a 

reliability of .535. The students used in the study were females who 

were under twenty-five years of age and were members of the Education 

4K2 class entitled, "Science in the Elementary School Curriculum, 11 

which was a class for prospective elementary school teachers. The data 

used in this investigation was gathered during the spring semester of 

1967 at Oklahoma State University. 

Basically the design of the study was: 

Each group of students viewed taped television lectures adapted 

from experiments found in several modern approaches to the teaching of 
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science. The approaches, from which borrowing took place, included the 

Physical Science Study_Committee physics course, the Introductory 

Physical Science course, and the Science--! Process Approach course of 

study (26, 25, 7). 

Immediately following the viewing of the television tape, each 

group was administered a pretest instrument. After the pretest, each 

group received a different treatment: (1) The inquiry groµp experienced 

.an interlude of the Suchman method of inquiry. (2) The demonstration 

group viewed a live demonstration involving the manipulation of some. 

laboratory apparatus. The demonstration was followed by a short Suchman 

inquiry interlude. (3) The laboratory group did an experiment using 

the apparatus which the demonstration group saw used. After reading 

instructions concerning the experiment, members of the laboratory group 

were allowed to ask Suchman-type questions while they worked on their 

experiment •. Shortly after the treatment, each group was administered 

a posttest, and finally, nine weeks after the posttest, the groups were 

retested. 

The hypotheses tested in this study were: 

1. There is no significant difference in scores concerning ability 

to correctly interpret experimental data made by elementary education 

majors who have experienced the Suchman method of inquiry exclusively 

and those who have witnessed a demonstration employing laboratory 

apparatus in addition to having experienced the Suchman method of in

quiry. 

2. There is no significant difference in scores concerning ability 

to correctly interpret experimental data made by elementary education 

majors who have experienced the Suchman method of inquiry exclusively 
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and those who have manipulated laboratory apparatus in addition to having 

experienced the Suchman method of inquiry. 

3. l'here is no significant difference in scores concerning ability 

to correctly ;interpret experimental data made by elementary education 

majors who have witnessed a demonstration employing laboratory apparatus 

in addition to having experienced the Suchman method of inquiry and those 

who h_ave manipulated laboratory apparatus in addition to having experi

enced the Suchman method of inquiry. 

Conclusions 

A non-parametric test was applied to the raw data gathered from the 

tests' scores. The instrument c9nsisted of three segments which were 

administered during different phases of the study. The segments were 

pretest, posttest, and retest. 

The pretest was administered before the three groups received 

different treatments. Since statistical analysis of the pretest scores 

supported the null hypothesis of no significant difference, it was then 

assumed that the three groups were at the same ability levels concerning 

that topic at the beginning of each data gathering session. The null 

hypothesis was thus accepted for the pretest. 

The posttest, administered after the three groups had received dif

ferent treatments, failed to uncover any significant differences among 

the groups. The null hypothesis was again accepted and once more the 

assumption was made that after different treatments, the groups remained 

at the same level of ability with regard to the interpretation of data. 

The retest, given nine weeks later, did, however, reveal some sig

nificant differences. It was found that the inquiry group and the 
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demonstration group both had more students scoring above the median than 

they had below. It was subsequently found that no differences existed 

between these two groups for the retest, and the null hypothesis of no 

significant difference was then accepted. It was also discovered that, 

although the inquiry group did not score significantly different from 

the demonstration ~oup, it did score significantly higher than the 

laboratory group. The demonstration group also scored significantly 

higher than the laboratory group. In summary, the inquiry group and the 

demonstration group remained the same, but both of these groups differed 

significantly from the laboratory group. 

Based on these. results, i.t could be inferred that ability to inter-

pret experimental data correctly may relate inversely to the amount of 

manipulation of the·laboratory apparatus in which the groups were en

.~ Nine weeks after the posttest, the inquiry group and the demon= 

stration group exhibited equal ability with regard to data interpre-

tation; i.e., the group which saw a demonstration of the experiment by 

the instructor scored no higher when tested than did the group .which 

did not. Both groups had seen television tapes that dwelt upon the 

principles behind the experiments and both were allowed to ask questions 

which. could be answered with a· "yes" or "no P" 

Both of these groups, when compared with the laboratory group, did 

better than the group which performed its own experiments. It would 

appear that even though this latter group did the experiments, nine 

weeks later the laboratory group apparently did not remember as much 

about the principles as did the other two groups who did not actually 

do the experiments themselves. 
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A very weakly supported inference migh~ be that the group which 

received.the least help in the form of acquaintance with laboratory 

apparatus relied more heavily on their own resources than did the other 

two groups. It might be more reasonable to infer that the students in 

the laboratory group had their attention ~nd efforts focused upon the 

accomplishment of the laboratory experiment and the manipulation of the 

apparatus set before them .rather than upon the princ;Lples and mathe

matical entanglements found in the exercise. It is the feeling of the 

investigator that both of these factors had an influence on the results 

of this study. 

Recommendations 

As a preface·to the recoI!1Ilendations, it should be noted that al

though this study used some concepts in physics as a vehicle for con

tent, the objective of the study should, in no way, be construed to be 

that of teaching physics· in a science method course. 

There are several recommendations concerning further study that 

have stemmed from this investigation. The following recoll1Ilendations 

are intended to strengthen, as well as broaden the scope of this study, 

should future investigations of this type be contemplated. 

Recommendations for strengthening the study are: 

L In this investigation the taped television lectures were of 

varying lengths. The lectures ranged from sixteen minutes to twenty

eight minute segments. In the future, the television segments should 

riot exceed twenty minutes duration in consideration of student attention 

span and the most efficient utilization of seventy-five minute class 

period. 
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2. The instrument designed for this study was validated by a ma

jority of nine experts in physical science. In consideration of comments 

from the validation panel, the instrument could be strengthened with an 

increased emphasis on graph and table founded data interpretation. 

Perhaps even photo~raphs, like those used in the Science·-~ Process 

Approach, might be incorporated into future instruments (9). 

Recommendations for broadening the study are: 

1. The instrument of this study involved content belonging ex

clusively to one area of physical science, that of physics. In order 

to broaden any future study ·that might have associated objectives, other 

areas of both the· physical and the· life science should be· considered as 

content vehicles. 

2. Carefully selected pre-service elementary school teachers:were 

the only students incl~ded in this investigation, however, in possible 

future studies, other students with different backgrounds.and ages might 

be encouraged to participate. 

3. Science~-~ Process Approac]J. described eight basic science 

processes and six integrated science processes.in its program. Only 

the integrated process of data interpretation was drafted into this 

study. Future studies might include other processes as well. 

Finally, there are two reconmendations, based on the results of 

this study that might be incorporated into the teaching of a science 

methods·· course. They are: 

1. When the sole objective·of a particular exercise is to inter

pret experimental data correctly, laboratory work should be dispensed 

with, and the outcome of that exercise will not be altered appreciably, 

provided: (a) that the exercise being done is of the type suitable to 
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the interpretation of data, (b) that well organized instruction con

cerning the topic involved is provided, and (c) that sufficient time is 

allotted for the posing of questions by the students. 

2. taboratory exercises used in the teaching of a science methods 

course should etnphasize the techniques of the approach and the·processes 

involved. The content of the exercise on the other hand should not be 

emphasized at that time, but rather discussed at some time other than 

when the students are involved in the manipulation of laboratory appa

ratus, unless there has been sufficient preparation made on the part of 

the students for the exercise prior to performing the exercise in class. 

Since no other closely associated studies were found, this study 

became an exploratory rather than a definitive piece of research. 
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''MOLECULAR LAYERS" 
(Television Script) 

VIDEO AUDIO 

.Open with a tight closeup shot of a Would you believe that there is a 

carton of milk being spqled across conn1:?ction between the spilled 

a kitchen table. milk accident that you have just 

witnessed and the method by which 

scientists might compute the di-

mansions of an invisible building 

block of nature? I hope that you 

do believe me, because this is the 

case; and the invisible building 

block to which I refer is·the tiny 

molecule. 

Long shot of speaker Let me help you construct a mental 

picture of how the measurement of 

an object invisible to all but 

the electron microscope might be 

approximated with neither the aid 

of sophisticated devices nor so-

phisticated personnel to operate 

highly sensitive apparatus. I 

hope that you will take down a few 

notes, mental or otherwise, as we 
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VIDEO 

Medium closeup of speaker 
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AUDIO 

discuss this topic for the next 

15 minutes. 

Let's imagine that you have a job 

that requires you to hammer and 

pound on a chunk of metal until 

the metal forms into a thin sheet. 

Imagine not any metal, but rather, 

some particular metal like lead 

or, better yet, gold. We have to 

be concerned about our selection 

of a metal because some metals are 

brittle and will crumble when 

struck, while others have that 

property of malleability that we 

are seeking. Gold can be ham

mered so thin that it will allow 

the passage of light through a 

thin sheet. The light that comes 

through the gold sheet has a 

greenish cast. Very thin sheets 

of gold, called gold foil, will 

stick to clean glass panes and 

that I s why we can have real gold 

letters on glass doors and win

dows. A craftsman can "float" 



VIDEO 

Tight closeup of speaker 

Medium shot ~f aluminized mylar 
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AUDIO 

these letters on a clean, smooth 

surface. 

Now, I wouldn't try to convince 

you tqat the gold foil that is 

used for making letters is only 

one molecule thick. Uowever, can 

you think of a substance that just 

might be thinner in terms of the 

numbers of layers of molecules, 

assuming that molecules form in 

layers, of course; or, in other 

words, what material might contain 

fewer strata or layers of mole

cules when stretched out very 

thinly? Well, it is always easier 

to suggest what might not be, 

rather than what might be. 

The shiny surface on this piece 

of plastic is aluminuni.. The alu

minum was fixed on the mylar plas

tic sheet by a special process. 

We are not concerned with the 

mechanics of the process,. but 

rather with the fact that the alu

minum layer is nearly one molecule 
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VIDEO AUDIO 

Write number on the chalkboard 

thick. The thickness of this 

piece of plastic including the 

aluminum layer is less than five 

ten thousandths of one inch thick. 

That is about 0.0005 11 or 5 x 10- 5 

inches. That is a dimension about 

1/3 the thickness on one hair on 

your head! The plastic sheet is 

many, many times thicker than is 

the aluminum layer. This i.s all 

grand, but in order to secure such 

a thin molecular layer on the sur

face of a plastic sheet, we must 

employ sophisticated personnel and 

equipment. Earlier, we implied 

that we could approximate mole

cular dimensions with simple ma

terials and techniques. Perhaps 

a liquid would be more satisfac

tory for our purposes. Milk cer

tainly is not very thin. Water is 

really no candidate either, mainly 

because of its ability to stick 

together so well as to form drop

lets. What about this? 



VIDEO 

Long shot of oan of Conoco motor 

oil 

Tight closeup of speaker 

Tight closeup of oleic acid bottle 

so labeled 
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AUDIO 

This is a can of motor oil. The 

hottest brand going. You have, I 

am sure, seen oil slicks on water. 

An oil slick causes that beautiful 

iridescent blue-green-purple-gold 

color on a sunlit water surface. 

Since oil has a lesser density 

than water, oil will float on the 

·water surface. An extremely small 

volume of oil will quickly cover 

a large surface area on water. 

There is a liquid that will spread 

out over water even thinner than 

does oil. The liquid that will 

give us an exceedingly thin film 

is oleic acid. Oleic acid will 

spread itself out on a water sur

face until it is just one molecule 

thick. I expect that you are now 

thinking, "How does he know that 

the layer of oleic acid is only 

one molecule thick?" Please don't 

expect an air-tight proof. Proofs 

in science are usually very intri

cate. 
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VIDEO .AUDIO 

However, in order to support my 

contention that the layer is one 

molecule thick, let me pose an 

analogy. We will have to do a 
,. 

little figuring first. Next, we 

need to find the thickness of a 

diameter of a single bee bee. 

Closeup on a graduated cylinder Now, let's see. '!here are 116 

3 cm of bee bees in the graduated 

cylinder. 

Wide shot of speaker at laboratory Now, let's pour the bee bees into 

table the pie tin. 

Speaker pours bee bees from Isn't that amazing? '!hey just 

graduated cylinder into pie tin and fit. Only one bee bee thick layer 

smiles covers the entire bottom surface 

of the pan. See what a little 

preparation before class time will 

do for you!! 

Next we need to find the thickness 

or diameter of a single bee bee. 

How can we do that? 

Pause--speaker then picks up ruler Do you get the hint? 

Speaker measures diameter of circle The diameter of our circle of bee 

of bee bees in the pie tin bees measures to be just about 20 



VIDEO 

Write on chalkboard 

Tight closeup of figures on screen 
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AUDIO 

centimeters. 

Volume is equal to length times 

width times depth or thickness. 

We also know that area equals 1 

times w. Now, how can we find the 

2 area of a circle? A equals II 
c 

r .. 

We also know that r equals the 

radius of a circle and that the 

diameter of the same circle is two 

times the radius. The radius is 

one-half the diameter, also. So, 

let's measure the diameter of our 

bee-bee circle. 

D equals 20 cm and the radius is 

just 1/2 that or r equals 10 cm. 

Let's record our data on the chalk-

board. Next, we know that II is 

3.14 or 22/7. Let's use 3.14; I 

always have problems with frac.

tions. A equals II r 2 which 
c 

equals 3.14 times (10 cm) 2 or 314 

2 cm. V equals 1 times w times d 

. and A equals 1 times w; therefore, 

V equals A times d. All we need 

to find now is the depth of 
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VIDEO AUDIO 

Tight closeup shot to measure 

diameter of a single bee bee 

Long shot of Speaker 

thickness. We divide both sides 

by A; V equals A times d; V/A 

equals (A times d); V/A equals d; 

d equals V/A. Filling in data we 

. 3 3 get d equals 116 cm /314 cm. 

Let's divide the data out. There 

is the result .37 cm. O.I<., just 

for the fun of it, I am going to 

.check the results mechanically. 

That's not a bad approximation! 

.37 cm calculated to .47 cm meas-

ured. It is only .1 cm off. Of 

course, we can't use a micrometer 

to measure the dimension of a 

molecule; but, I hope that with 

this little analogy, you will 

agree that we don I t really need 

to. If we were to use only half 

our former volume of bee bees, 

then what could you expect the re-

sults to be concerning the area, 

providing that the thickness of 

the layer did not change? 

While you ponder that question, 

and before we leave the topic, 
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Medium closeup of speaker 
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there are a couple .of points worth 

mentioning. One is. that we have 

pictured the oleic acid molecule 

as being spherical in shape, sort 

of like a bee bee. In reality, 

the oleic acid molecule has a 

length that is about ten time.s its 

diameter. It is long and thin. 

We considered the bee bee to be 

spherical, but we calculated its 

volume as if it were a cube. The 

volume of a sphere is 4/3 TI r 3 • 

We know that the volume of a cube 

is a single side times a single 

side times a single side or a side 

length cubed. 

Actually, the oleic acid molecule 

stands almost upright on the water 

surface and is neither spherical 

nor cubical. So these are the 

main reasons that I was so careful 

to say "approximate the dimensions 

of a molecule." Still, calcula-

tions by way of our analogy are 

only about 100 times greater than 

results obtained by highly 
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sophisticated methods. Our re

sults are only two orders of 

magnitude off. This may at first 

seem like a large error, but with

out our experiment, we would have 

known nothing of the size of the 

oleic acid molecule except that it 

was too small to see. Scientists 

often must approximate, just as 

we have, in doing their work. Our 

data is still q~ite valid and use

ful, providing that we rea"lize its 

discrepancies. 

And finally, if you were to 

actually carry out this experiment 

using oleic acid instead of bee 

bees, you would very soon discover 

that just one full drop of oleic 

acid would cover an entire swim

ming pool. So it might be desir

able to dilute the oleic acid in 

alcohol. After a drop of the di

luted mixture hits the water, the 

alcohol soon evaporates and leaves 

only the o leic acid in .a small 

circle on the surface of the water. 



VIDEO 

Tight closeup of a printout of the 

summary 
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AUDIO 

A good ratio of mixture would be 

one part o leic acid to 499 parts 

of alcohol. Ratios can be ad

justed to the size of swimming 

pools or pie. plates used. Knowing 

the ratio of mixtures would help 

with the actual counting. of the 

number of molecules in the drop. 

Also it is difficult to see oleic 

acid on the water so if some chalk 

dust or powder is spriqkled on the 

water surface before the oleic 

acid is placed on the water, then 

the results are quite visible. 

Now let's quickly recap what we 

have seen during the past few 

minutes. 

(1) ·Some substances can be spread 

so thin that they are but one 

molecule thick. 

(2) If we know the volume of the 

substance to begin with, and 

(3) the area that the volume re

quires when one molecule 

thick, 
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VIDEO AUDIO 

Long shot of speaker with table and 

chalkboard 

Fade out 

(4) then we can calculate the 

thickness of a ~ingle mole

cule by: Vol~e/Area equals 

depth, 

(5) and, finally the thickness of 

the layers approximate the 

dimensions of the molecules 

of the substance used. 

Now we are going to give you some 

data to work with and a selection 

of several different interpre

tations of that data in the form 

of multiple choice items. Would 

you try your hand at approximating 

molecular dimensions? 



SUMMARIZED OUTLI'NES OF THE TELEVISION SCRIPTS 

Inertia 

The opening shot is of a low friction puck gliding across a table 

top. The accompanying dialogue in the scene is in reference.to perpetual 

motion according to the Webster dictionary definition. The next shot is 

of line drawings of several types of wheel-like devices which were un

successful attempts to make perpetual motion machines. The drawings are 

followed by a closeup of a real radiometer which is set in motion by a 

bright light being focused upon it. Simultaneously, the dialogue is pre

sented concerning the workings of the radiometer. The picture then 

changes to the lecturer pushing a chalk eraser across the top of a 

laboratory demonstration desk. The lecturer very briefly mentions some 

of the history concerning the laws of motion up to the time of Galileoj 

and leads into Galileo's famous mental experiment about the ball on a 

slope. This is the same experiment described in the Physical Science 

Study Committee physics text book. The next few minutes of the tape is 

devoted to the operation, by the lecturer, of an apparatus consisting of 

a ball bearing and a slope similar to the one sketched in the Physical 

Science Study Collllllittee physics t~t book. While using the slope appa

ratus, the lecturer defines velocity and force. Questions are put to 

the audience concerning· the performance of the ball bearing on the 

slope. However, the answers are not given by the lecturer, since the 

questions are intended to point out key properties of inertia. Finally, 
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in conclusion, a six point summary is printed out on the screen as the 

lecturer reads them aloud. The tape ends with the question, "Do you 

believe that perpetual motion is possible?" 

Conservation of Mechanical Energy 

The scene opens showing a room with a pendulum suspended from the 

ceiling. A man enters and sets the pendulum in motion, allowing it to 

swing for a few oscillations. Standing with the back of his head touch-

ing the wallj he pulls the bob up to the tip of his nose and lets it 

swing free. The camera pans to follow the bob. An instant before the 

bob reaches his nose on the return swing, a voice says, "Let's stop it 

right there!" The picture snaps to the lecturer who asks the audience 

whether they think that the man suffered a broken nose. A lecture 

about motion and energy follows in which work, potential energy, and 

kinetic energy are defined .. and discussed. Some props such as a slinky 

spring and sling shot are used, but the major portion of the tape is 

taken up with. very tight shots of a pad of paper on which the lecturer 

sketches d;i.agrams, puts down new terms, and writes out equations such 

as: Work= force x distance, mgh + ~v2 = Total energy and mg = weight. 

Energy due to the gravitational field of the earth is compared to a 

spring pulling objects back to earth, and the definition of a newton is 

stated in simple terms. A printout of the summary of the points men

tioned in the tape is put on the screen and is read out loud by the 

lecturer. Finally, the audience is asked again whether the man at the 

beginning of the tape was struc;k with the· pendulum bob. The opening 

scene is then rerun.with its- ending, and the audience sees that the 

pendulum could rise no higher than it.started, and could not possibly 
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have struck the man I s nose. 

Analysis of Levers 

At the opening of the tape, the lecturer stands behind a· laboratory 

demonstration desk and says, "The great philosopher, Archimedes once 

said, 'Give me a place to stand and. I will move the earth,' and in 

making this boast, Archimedes was undoubt;edly referring to the lever." 

The lecturer proceeds to discuss the three classes of levers and uses 

a meter stick and a world globe to illustrate a lever in action. He 

shows where the fulcrum, point of effort or force and the resulting lift 

positions are located on the lever. Diagrams of levers found in human 

body such as the jaw with its hinge points are discussed. A beam bal

ance and a seesaw help in introducing mechanical advantage, however, 

mechanical advantage· per se · is not mentioned. Although several equations 

involving force applied and lever arm distance are written out and dis

c1,1ss!;ld, the "law of the lever" is never stated. Recognition and appli· 

cation. of a formula for lever analysis is left to the students. A 

·printout of the su~ary of the salient points mentioned during the lecp 

ture is shown and is narrated by the lecturer. The tape closes with.the 

·lecturer stating that the class will be given an opportunity to test 

their skill at working with data concerning levers and weights. 
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MOLECULAR LAYERS 

Molecules and atoms are so small that we cannot see them to measure 

their size. By using an indirect method, however, we can get an indi

cation of the order of ~agnitude of the qimensions of some molecules. 

· A· small quantity of oil placed on the surface of water will spread 

out to form an exceedingly thin fil.m. The thickness of this film is at 

least equal to the thickness of one oil molecule. Hence if we can find 

the thickness of the layer of oil, we can conclude that the thickness 

of the oil molecule is at most no greater than the thickness of the filtn. 

Oleic acid is a good example of an easily available material that 

will form a thin film. One drop of pure oleic acid dropped into a small 

swimming. pool will cover its entire surface. Of course, if the whole 

surface of the pool is covered, you: are not sure the film could not be 

.thinner. To get the thinnest pqssible film in a small container, we 

shdl use. a drop of a dilute solution of oleic acid in alcohol,. 

Measure 5 cm3 of oleic.acid and 95 cm3 of alcohol into a graduated 

cylinder·. and place t;he solution in a clean bottle. Shake the mixture 

well. Then measure off 5 cm3 of this solution and mix with 45 cm3 of 

alcohol. Calculate the concentration of this solution. 

Fill a large, clean, shallow tray with water to a depth of about 

one centimeter. Dust~ng the surface of the water lightly with chalk or 

lycopodium powder will make the film visible. (Chalk rubbed on sand

paper will produce clean_ chalk dust.) 
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To make sure the film is caused by the oleic acid and not by the 

alcohol, first drop one or two drops of alcohol in the tank with the 

eyedropper. What do you observe? 

Now use the eyedropper to apply a drop of oleic acid solution. 

Measure the average diameter of the film and calculate its area. Do 

two drops form twice the area of one drop?· How about three drops? What 

conclusions do you draw from your answers? 

Find out how many drops of this size there are in a cubic centi-

meter and, using the volume of the drop and the area of the layer, cal-

culate the thickness of the layer. Estimate the accuracy of this cal-

cu.1.ation, considering the error introduced in each step. 

If the thickness of the layer were magnified to 1 cm, how tall 

would you be on the same scale? 

If the layer is consi.dered to be one molecule thick and the mole-

cules are assumed to be essentially cubes, how many molecules would fill 

one cubic centimeter? 

3 The density of oleic acid is 0.89 gm/cm. What is the mass of one 

molecule? 



A VA..RIATION ON GALILEO'S EXPERIMENT 

Galileo argued that an object moving horizontally would continue 

to move horizontally forever at constant speed. He supported this argu

ment with his observation that an object accelerates when it moves down 

an incline and decelerates when it moves up, reaching nearly the same 

height it had when it started •. We can perform a similar experiment with 

a pendulum, observing the fall of the pendulum bob on one side of its 

swing and its rise on the other. 

Suspend a pendulum at least 3 m long from the ceiling or a suitable 

stand. Clamp the pendulum thread 40 or 50 cm above the bob so it swings 

from this point and not from where it is suspended (Figure 1). Bring 

the bob sideways until it is a measured distanced above the lowest 

level of its swing. Let it go. Compare the distances the bob travels 

on either side of the lowest point. How does the highest level reached 

after release compare with the height from which the bob was released? 

Now, instead of letting the pendulum swing through a normal arc, 

interpose a barrier so that, when released, the pendulum swings from 

the barrier (Figure 2). What do you predict about (a) the horizontal 

distance the bob will travel upon release, (b) the level to which it 

will rise? Try it. 

Next, with the barrier in the same place and the clamp at various 

positions ranging from the initial one to the point of suspension, let 

the bob go from a measured height above the lowest level of its swing. 

Determine how high it rises at the end of its swing and roughly measure 
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the distance from the center point. Give each pendulum length several 

trials. Be sure to let the bob go from the same posi,tion each time. 

From your data, can you make a conjecture about the height and the 

horizontal distance the bob should reach from the same point of release 

if the pendulum could be made 10, 50, or thousands of meters long? 

.What do your :results suggest would happen to a ball moving on a 

perfectly smooth, horizontal surface? 

.Do you think perpetual motion is possible? 
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CHANGES IN POTENTIAL ENERGY 

Hang a spring from a stand and attach a mass to it. Lift the mass 

a. few centimeters above its rest position and let it fall. At the top 

and bottom of its motion it is at rest. When the mass is at the bottom 

of its motion, its energy is stored in the spring. At the top of its 

motion its energy is stored in the gravitational field. Compare the 

change in gravitational energy with the change in potential energy 

stored in the spring. 

You can find the change in potential energy of the spring when it 

is stretched a distance A x from x 1 to x 2 by calculating the work done 

in stretching it from x1 to x 2• The change in gravitational potential 

energy when the mass falls this same distance Ax can be found by cal-

culating the work done in lifting the mass through the distance Ax. 

You can then compare the graviational energy lost as the mass falls from 

rest to its lowest point with the spring energy gained as the spring 

stretches. 

To find the potential energy of the spring, we first find how the 

extension x of the spring is related to the force that stretches it. 

Hang known masses on the end of the spring and find the extension x in 

meters and note the corresponding force F. Plot a graph of x as it 

corresponds to F. Is F proportional to x for this spring in the range 

of your measurements? 

F If your graph is a straight line, find the spring constant k = -
x 

from the slope and write down the potential energy ratio of the spring, 
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that is, the equation for the energy stored in the spring as it corre

sponds to the extension of the spring. 

Now hang a mass on the spring and support it with your hand so the 

spring extends about 10 cm more than its natural length when hanging 

without the mass. Mark the lower end of the unloaded spring position 

and the point from which you drop the mass. Release the mass and note 

how far it falls. Mark the lowest point of the fall. (Use wire inserts 

i.n the peg board for marking the spring extensions.) Release the mass 

several times until you have accurately located the lowest point of the 

vibrations. 

Calculate the loss in gravitational potential energy and the gain 

in potential energy of the spring when the mass falls. How do they 

compare? Repeat the above experiment, releasing the mass from a point 

about 15 cm from the lower end of the unloaded spring. Repeat the ex

periment with a lesser mass and calculate the change in gravitational 

potential energy and spring potential energy when the mass falls from a 

point about 5 cm below the end of the unloaded spring. 

Is energy conserved in these interactions between the masses and 

the spring? Are they elastic interactions? 

What is the sum of the two potential energies when the mass has 

reached the halfway mark in its fall? How does this compare with the 

initial energy of the mass? How do you explain this? How could you 

check your explanation? 



ANALYSIS OF LEVERS 

First hold on to the 50 cm - 100 cm end of meter stick with one 

hand. Then, at random, loop two washers over the meter stick somewhere 

between 10 cm and 30 cm mark. N<;>te that the meter stick fulcrum is at 

50 cm. Next loop three washers over the 50 cm. - 100 cm end of the meter 

stick at a position where the two weights just balance. This may re-

quire some adjusting. Once you have secured a balance, record the cm 

mark of each weight in a table similar to the ones on Form A of the TV 

test. 

Repeat several trials with different weight positions while using 

two and three washer weights. Record these trials. 

Could you write an equation that would represent the relation of 

weights to distances of a lever? · If you can, write it out and test the 

data that you have gathered from the trials in your equation. Is it 

consistent for all data? 

Next,-repeat and record the data of the trials that you did above; 

only this time record the distance of the weights in centimeters from 

the fulcrum rather than simply reading the centimeter mark on the meter 

stick. 

Now can you write an equation that would represent the relation 

of weights to distances of a lever? If you can, write it out and test 

the data that you have gathered from the trials in your equation. Is it 

consistent for all data? 
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Make a new table with your data but this time entitle it "Distance 

in centimeters of sets of washers from the balance point of the lever 

multiplied by the number of washers." In other words, make a table that 

has in one column the distance that the two washer weight is from the 

fulcrum. Then multiply that distance by 2 because the weight is two 

washers. Place that product in a column headed "two washers." Do the 

same for the "three washers" column, 

Do you see a relation between the distances multiplied by two and 

the distances multiplied by three? Can you now write an equation show

ing the relation between weight and distance with a lever? If you can, 

plug in the data that you have gathered. Is the equation reliable? 

Finally, instead of two washers and three washers, make trials for 

four washers and five washers; and five washers and six washers. Plug 

this new data into your equation. .Does it still work? 

.Write a universal equation (use letters instead of numbers) that 

can be used with all levers. 

If you have time, separate the two washer group and hang two single 

washers a few centimeters apart on an end of the meter stick. On the 

opposite end separate the three washers group until each of the three 

washers are a few centimeters apart. Attain a balance. Write an e(!ua

tion that would satisfy this new condition. 



APPENDIX C 
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* l'ELEVISION LECTURE SERIES DAlA INTERPRETATION 

DIRECTIONS: 

Please do not mark in the question booklet. 

Please do however, 

1. Choose only ONE best answer for each question. 

2. Place the letter corresponding to your choice with 

the number of the question on the answer sheet pro-

vided. 

3. Use scratch paper and pencil. 

4. Answer the easy questions firi:it and then return to 

the more difficult. 

5. Make reasonably intelligent guesses. 

* Pretest segment given in four parts 
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Form A 
Title: ''Molecular Layers" 

TEST NUMBER ONE 

1. The best reason why oleic acid can be used in an experiment which 

is designed to acquire data that will allow the approximation of 

the size of an oleic acid molecule is: 

a. It is colorless. 

b. It is heavier than water. 

c. It can be purchased only from chem~cal supply houses. 

d.· It spreads to a one molecule thick layer. 

e. It causes light to. reflect blue and gold colors, 

2. In order to measure approximately the size of a molecule (by the 

method shown in the TV lecture) which of the following data 

a~semblages must be known? 

a. Volume and weight of the material used 

b. Volume and color of the ~aterial used 

c. Volume and area of the material used 

d. Volume and price of the material used, 

e. Volume and chemical composition of ~aterial used. 

3. In order to properly calculate the area of a circle of a thin film 

or layer, which one of the following data groups would be-absolutely 

essential? 

a. Circumference = ·16 cm 

b. The thickness of the layer equals -10 2 x 10 cm 

II = 3.14 and density 2.x 10 cm 2 
c. = 

82 



83 

d. 
-1 1 Density= 2.x 10 grams/2.x 10- cm 

e. TI= 3.14 and the diameter of the circle= 8 cm. 

4. In order to properly calculate the volume of a sample material, 

one would need which one of the following data·groups? 

a. 60¢ per liter and green in color 

b. 3.3 grams and very brittle 

3.3 3 and is packaged in a cylindrical container c. grams per cm 

d. Lemgth = 6 cm, width = 5 cm, and thickness= .00001 cm 

e. Length = 6 cm, width = 5 cm, and weight= .00001 grams. 

5. With the data: 6 2 -4 ' Area= 10 cm .and volume =·10 liters, one could 

.calculate which of the following? 

a. Density of the sample 

b. Distance between the molecules of the sample 

c. Thickness of the sample 

d. W~ight of the sample 

e. Value in c·ents of the sample. 

6. With the data: Volume= 10- 3 liters and number of molecules= 106 

one could calculate which of the following? 

a. Appro~imate volume occupied by each molecule 

b. Approximate weight of each molecule 

c. Thickness of sample 

d. Density of sample 

e. Color of sample. 

7. All aspects of a hypothetical experiment designed to measure the 

size of a gold molecule by the single layer method were fool proof 

except~· Within the list of aspects below is the single aspect 



that is suspect of causing the greatest error in the experiment. 

Which one is it? 

a. The color of the gold is not bright yellow. 

b. The weight of the gold sample is 19.3 grams. 

c. The sheet of gold to be used is not absolutely smooth on one 

surface. 

d. The gold is very old. 

e. The volume of the gold sample· is 1 
3 cm. 

8. Which one of the data groups below supplies the best.information 

which'.would make it possible to approximatethe cliameter of a 

molecule found in a thin layer that is only one molecule thick? 

a. 

b. 

c. 

d. 

e. 

Volume= 6,81 x l0- 3cm3 and.in column two of the periodic 

chart. 

Area= 4.2 x 10- 18 cm2 .and blue-gold color. 

3 Density= 1 gram/cm. 

3 7 2 Volume= 1 cm and Area= 10 cm. 

Price= $4.01/KG and non-toxic, 
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9. Which. one of the assumptions listed below would cause the greatest 

possible error in calculating the volume actually occupied by ONE 

oleic acid molecule? 

a. That all of the oleic acid molecules are of equal weight 

b. That all of the oleic acid molecules are of equal volume 

c. That all of the oleic ·. acid molecules are of the same color 

d. That all of the oleic acid molecules. are of different colors 

e. That all of the oleic.acid molecules are perfect cubes. 

10. Picture a cigar box with the lid open and filled with water. There 

is a device that will capture and measure all water forced.from the 
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box. The object is to force water out of the box, using one of 

the types of objects listed below. The only two rules are that 

there-can be no items protruding above the top of the box and the 

items must be placed in the box in a position that will drive the 

most water out of the box. Which one of the types of items listed 

below would most satisfactorily accomplish this task? 

a. Stacked pennies (cylinders) 

b. Marbles (spheres) 

c. Bee bees (spheres) 

d. Football charms from charm bracelets 

e. Dice (cubes). 

11. Data: Volume is 5 x 10· 2 cm3, thickness l x l0- 5cm. A piece of 

gold having the volume stated above was hammered into a thin sheet 

with a final thickness also stated above. What is the area of the 

sheet? 

2 x -7 2 a. •.10 cm 

b. 2 x l0- 3cm2 

.c. 5 x 103cm2 

d. 5 x 105cm2 

5 x 7 2 e. 10 cm • 

12. If the same volume ot gold is stated in problem No. 11 were ham-

mered until it was 1/2 the thickness stated in No. 11, its new 

area would be: 

4 x -7 2 a. 10 cm 

b. 1 x -7 2 10 Cti\ 

3 2 
.C • 2.5 x 10 cm 

d. 1 x 104cm2 

.. 5 x 7 2 e. 10 cm .• 



86 

13. A single layer of equal sized bee bees completely covers the bottom 

of a square pan that is 20 cm on a side. When the bee bees are 

3 poured into a graduate cylinder, they fill it to the 40 cm mark. 

The diameter of one of the bee bees is about: 

a. 0.01 cm 

b. 0.1 cm 

c. 0.5 cm 

d. 1 cm 

e. 2 cm. 

14. A single layer of marbles completely covers the bottom of a round 

layer cake pan. The radius of the pan is SO.cm. The area.of the 

pan is most nearly: 

2 a. 5,000 cm 

b. 5,000 cubic 

600 cm 2 c. 

d. 8,000 2 cm 

1,000 2 e. cm .• 

centimeters 

l~. A quantity of ball bearings 1 cm in diameter are purchased by 

volume. The volume purchased was 1.5 liters. Approximately how 

many ball bearings were bought? 

a. 15 

b. 150 

c. 1.5 

d. 750 

e. 1,500. 
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16. A quantity of confectioner's sugar fills a box 16 cm x 8.0 cm x 

5.0 cm. How many packages can be placed in a freight car 22 meters 

x 2.4 meters x 2.4 meters? 

a. 

b. 

6 x 104 boxes 

2 x 105 boxes 

c. 1,000.boxes 

d. 10 boxes 

e. 400 boxes 

17. Fifty cubic centimeters of spherical seeds are to be· laboriously 

counted out one by one. However, it is found that each seed has a 

radius of about .05 cm. One could then say that in the volume 

mentioned above, there should be a quantity of seeds closest to: 

a. 100 

b. 200 

c. 10 

d. 50 

e. 500 

18. A single human nerve cell may extend 100 cm from the spinal column 

to the foot and be as much as 10-4cm in average diameter. If we 

assume that each of the constituent atoms.of this structure occu

pies a volume of 3 x 10- 23 cm3, what total number of atoms is re-

quired to build it? 

a. 1 x 10-15 atoms 

b. 3 16 x 10 atoms 

8 
4 c. x 10 atoms 

d. 6 x 1010 atoms 

e. 2 x 10-4 atoms. 



.Fori;n A 
Title: Inertia 

TEST.NUMBER TWO 

Items 1 - 8 are concerned with matching different types of data with an 

appropriate type of motion. Each item mentions an object and its con-

dition as to motion. Please select the type of motion that the object 

will exhibit. 

Type of motion (same set for a. Speeds up until it hits some-

1 - 8, use only one selection thing or reaches bottom 

per item). b. Goes around at about a constant 

speed 

c. Slows down and stops 

d., All of the above 

e. None of the above. 

1. Automobile (out of gas and without b-,rakes) 

2~ Book which has.~ pushed so that it slides on desk 

3. Chalk which is dropped 

4. Ball rolling downhill 

5. Moon revolving around earth 

6. Earth rotating on its axis 

7. A molecule of water which has just passed over the upper edge of 

a waterfall 

8. Astronauts in orbit. 
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Support 

Light String 

Great Mass 

u Light String 

'( 

. Figure 1 

9. Refer to Figure 1 above: 

A powerful and swift downward directed force applied at Y would 

most likely result in: 

a. the string breaking at W 

b. the great mass·breaking at Z 

c. the string bre~king at U 

d. nothing happening 
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e. There is no scientific evidence available in order to· predict 

what most likely would result. 

10. Refer to Figure·l above. A powerful and slow steady downward di

rected force applied at Y would most likely result in: 

a. the string.breaking at-W 

b, the great mass breaking at Z 

c. the string breaking at U 

d. nothing happening 

e. There ·is no scientific evidence available in order to predict 

what most 1:ikely·would result. 
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11. A ball bearing is released from rest on the right-hand incline of 

the TV lecture slope apparatus from a height of 20 cm above ·the 

lowest point of its path. If there were no friction, what is the 

· highest possible vertical. rise of the ball bearing on the left-hand 

slope? 

a. Impossible to tell becat,tse the problem fai. ls to state if both 

incli~es are equally sloped 

b. 10 cm 

c. 15 cm 

d. 20 cm 

e. None of the above. 

12. A ball bearing is released from rest on the left-hand. incline of 

the TV lecture slope apparatus at a height of 15 cm above the 

lowest point. If there ·is no friction, what is the vertical t11.axi

mum to· which the ball bearing. could rise on the right-hand incline? 

a. Impos~ible to tell because the problem fails to state if both 

inclines are equally sloped, 

b. 10 cm 

c. 15 cm 

d. 20 cm 

e. None of the above. 

13. A ball bearing is released from rest on the right-hand incline of 

the TV lecture slope apparatus at a height of 10 cm above the 

lowest point. If there is no friction and if the left-hand incline 

rises vertically 1 cm for every 10 cm of horizontal distance, how 

far will the ball bearing travel in horizontal distance? 

a. 100 cm 
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b. 200 cm 

c. 50 cm 

d. 1 kilometer 

3 e. 10 cm. 

14. A ball bearing is. released from rest on the left-hand incline of 

the TV lecture slope apparatus at a height of 10 cm above the 

lowest point. If there .is no friction and if the right-hand i.n-

cline rises only 1/2 cm·for every·10 cm of horizontal distance, how 

far will the ball bearing go in horizontal distance? 

a. 100 cm 

. b. 200 cm 

. c. 50 cm 

d. ~ 103 cm 

e. 1 kilometer. 

15. A car is traveling at 60 m.p.b. on a level road. If the sum of all 

the forces acting on the car is zero, the car will: 

a. slow down, but never .come to rest 

b ; s low down and come to rest 

c. go faster until it hits something 

d. accelerate at a constant rate 

e. continue at 60 m.p.h~ 

16. A body will move with a constant velocity if: 

a. there is one constant force acting on it 

b. there is a constantly changing force acting on it 

.c. there ·are no forces acting on it 

d, there are unequal but opposite forces acting.on.it 

e. there·are two parall~l and constant forces acting on it. 
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17. Suppose we have a pendulum as sketched in Figure 2. The support of 

the pendulum is 100 meters long. The pendulum weight or bob is 

pulled up to a height of 1 meter on the right side and released. 

What do you estimate the highest point of rise of the bob on the 

left side to be? 

a. 2 meters 

b. .1 meter 

c. 1 meter 

d. 1/2 the height of the highest rise of the left side 

e. Not enough data available for a good estimate. 

Left Side Right Side 

Meter 

- -- -- --· '---- -

Figure 2 
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18. Suppose we use again Figure 2, but this time picture the bob to be 

pulled up on the left side to a height of 1 meter and then re

leased. Now what do you estimate the highest point of rise of the 

bob on the right side to be? 

a. 2 meters 

b. .1 meter 

c. 1 meter 

d. 1/2 the height of the highest rise of the left side 

e. Not enough data available for a good estimate. 

19. Consider the sketch in Figure 3. It is identical to the sketch in 

Figure 2 except that a barrier at X has been so placed so as to 

force the bob to swing on the left side about a point not 100 meters 

above the bob as on the right side but rather only 5 meters above 

the bob. (Please read the foregoing statement once again and look 

at Figure 3.) If the bob were pulled up to a maximum height of .5 

meters on the right side and released then what would be the 

maximum rise of the bob on the left side? 

a. 1.5 meters 

b. .s meters 

c. There is not enough information furnished to make an estimation. 

d. 1 meter 

e. 3 meters. 

20. Again consider Figure 3. However, this time the bob is pulled to 

a maximum height of 3 meters.on the left side and released. The 

barrier at Xis unchanged. What should the maximum rise.of the 

bob be on the right side? 

a. 1.5 meters 
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b. .5 meters 

c. There is not enough information :f;urnished to make an estimation. 

d. 1 meter 

e. 3 meters. 

Left Side 

Fixed Barrier ~- X 
/ 

r'{ 
\ ) .... - ...... _ 

Figure 3 

\ 
\ 
\ 
\ 
\ 
\ Right Side 

\ 
\ 
\ 
\ 



Form A 
Title: Conservation of Mechanical Energy 

TEST NUMBER THREE 

Items 1 - 6 are concerned with matc4ing different types of data with 

the appropriate energy relations. Each item mentions an energy con-

version situation. Please select the type of energy conversion that 

the system will exhibit. 

Types of energy relations a. Potential to kinetic energy 

(same set items 1 - 6, use b. Kinetic to potential energy 

only.one selection per item). c. 50% KE and 50% PE 

d. 25% KE and 75% PE 

e. 75% KE and 25% PE. 

1. Rain falling from a rain cloud 

2. A ball being carried to the top of a tower 

3. The dropping of a ball from a tower 

4. The ball after being dropped is 1/2 of the way to the ground. 

5. The ball after being dropped is. 3/4 of the way to the ground. 

6. The raising of the flag . in the ·.morning. 

7. In determining the potential energy of a system, which one of the 

following data ~roups would be most useful? 

a. Veloci,.ty = 20 meters/second, north and weight (mg) = 4.5 

newtons. 

b. Velocity= 20 kilometers/hour, south and height= 100 meters. 

c. Mass= 1 kilogram, acceleration due to gravity (g) = 9.8 

meters/second2• 
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d. Mass= 1 kilogram, acceleration due to gravity (g) = 9.8 

meters/second 2 and height= 100 meters. 
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e. Mass = l kilogram and velocity = 20 meters per second, north. 

8. In determining the kinetic energy of a system, which one of the 

following data groups·would be most usefu~? 

a. Velocity= 20 meters/second, north and weight (mg) =·4.5 

newtons. 

b. Velocity = 20 kilometers/hour, south and height = 100 meters~ 

c. Mass= 1 kilogrS\Il, acceleration due to gravity (g) = 9.8 

meters/ second 2.. 
d~ Mass= 1 kilogram, acceleration due to gravity (g) = 9~8 

meters/second 2 and height= 100 meters. 

e. :Mass = 1 kilogram and velocity = 20 meters per second, north. 

Refer to Figure 1 for questions 9 - 14. 

a. (}. 

b. fJ 
c. L1 
d. _fL 

e. Figure l does not suppiy sufficient data with which to make 

an interpretation. 

9. Consider the data shown in the work graph. Work.was accomplished 

most quickly in which system? 

10. Consider the data shown in the work graph. Work was accomplished 

.most slowly in which system? 

11. Consider the data shown in the work graph. The most work was done 

in which system? 



Units 3 
of 

Force ~ 

/ 

I 

Work =-Force x Distance 

/3 

Ll 

3 7 
Units of Distance 

Figure 1 

JL. 

0\ 

8 /0 

12. Consider the data shown in the work graph, The least work was 

done in which system? 

13. The l:lystem that exhibits 8 units of work is: 

14. Refer again to the graph of Figure 1. The two systems that have 

accomplished the same quantity of work are: 

a. ot and f1 
b. f) and LI 

c. # andJL 

d. ftand .L\ 

e. /J, and ot 

Refer to Figure 2 for. questionsl5,.. 18. 
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Force Applied Vs. Spring Displacement 

\ 

-J f' 

lf 
Force 
Units 3 

(F) 

2 

I 

v e 

/ d 

v c. 

v b 

~ 
a. 

I 2 . ~ If 0 ' 7 8 ., 10 // 
.Displacement Units (X) 

Figure 2 

15. A certa~n spring's behavior in terms ·Of stretch (displacement) and 

pull applied (force) is plotted on the graph above. Which one of 

the choices listed below would be the best interpretation of the 

data between points "a'' and "e"? 

a. Two units of displacement are brought about by the application 

of four units of force on the spring, 

b. Two units of force applied to the spring result in four units 

· of spring displacement. 

c. Force is directly proportional to displacement in this spring. 

d. There is no relation between.force. and displacement in this 

spring. 

e. Each additional force unit results in two more units of dis-

placement over and above ·the previously applied unit of force. 
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16. Which one of the choices listed previously would be the best inter

pretation of the data between points "d" and "f"? 

. a. Force applied is directly proportional to resultant; displace

ment in this spring. 

b. Each additional force unit results in two more units of dis

placement over and above ·the previously applied unit of force. 

c. 'l'he spring .has been "sprung" and will no longer behave as it 

did between points "a" and "e". 

d. The spring will require increasing force for it to be displaced. 

e. 'l'he situation shown between points·"d" and "f"·is identical 

. with the situation shown between points · "z" and "b''. 

17. Consider data between points· '1a" and "e11 only: If force units are 

·called F and displacements are called X.and if there is a constant 

ratio between these two values, it is most nearly: 

a. F /X = 5 

b. F/X .= 1 

c. F /X = 2 

d. FIX = 3 

e. There .is no constant ratio, 

18. If there is a constant ratio of F and X, then it can be most easily 

read from thegraph, between points "a" and "e", by noting: 

a. the number of data points · on the line 

b. the area under the curve 

c. the slope of the line 

d. the length of the line 

e. It is not possible to determine from the data available. 
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Spring 

Mass , 
- - x "f 11 

I I I 

I I 
~xi$ iu~ 

X2."" 

Figure 3 

Consider Figure 3. It is a sketch of the apparatus used to gather the 

data found in the graph of\Figure 2. The apparatus is designed to de-

tect changes in potential energy. At the top and bottom of its motion, 
·, 

the mass is at rest. When the mass is at the bottom of its motion, its 

energy is stored in the spring~ At the top of its motion; its energy 

is stored in the gravitational field or its energy is due to its ·higher 

positiont Compare the change in gravitational energy with. the· change 

in potential energy stored in the spring. 

19. If there is a constant ratio of F and X, let it be called K, Now 

which relation below best states that the potential energy stored 

in the spring corresponds to the extensi.on or displacement (X) of 

the -spring? 

a. K .= F/X 

b. MGR = -1/2 KX2 
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c. MGI:l = 1/ 2 :m,2 

:d. E.total =PE+ KE 

. e. There is no constant ratio of F and X . 

20. Refer to Figure 3. ::Cmagine ·yourself holding the· weight at x1• At 

x1 the spring is just haU way between. being stretched to the maxi

mum for the weight attached (X2) and the position innnediately be

fore the spring stretches (X3) because of the weight attached. In 

other words, x3 roughly corresponds to point "a" on the graph of 

Figure 2; x2 roughly corresponds to point "e" on the graph, and x1 

corresponds to a point about 1/2 way between "a" and "e." Now you 

drop the weight from x1, and the weight bobs up and down. Which 

statement below.best presents the energy relationship of this 

system? .(Consult both Figures 2.and. 3.) 

a. The farther the weight falls, the faster it bobs back up. 

b. The sum of the potential energies when the weight is half

way down (X1) is less than the potential energy at the start 

(X3), and finish (X2) of the fall. .1he · difference equals the 

kinetic energy of the falling weight. 

c. The spring can store more energy than can gravity. 

d. There is a continual change·in the·potential energy of the 

system. 

e. There is no energy relationship in this system,. 



Form A 
Title: Levers 

TEST NUMBER·FOUR 

A meter stick has a hole drilled through its center at the 50 centimeter 

mark. A nail is slid through the hole and driven into a mount. The 

stick can rotate freely with the nail at the axis. Rings of equal 

weight are placed by means of wire loops at different centimeter marks 

· on the stick. In the following tables are data gleaned from a series 

of trials in balancing .with the apparatus described above. ];>lease 

carefully read the.table titles before attempting to select the missing 

data from the choices available. Select the best answer for each blank 

of each table. 

TABLE 1. Questions 1 - 8. 

Distance in Centimeters of sets of rings from the balance point (50 cm) 

of the lever multiplied by the number of rings. 

Trial Two Rings Three Rings 

1 70.2 ----·--,-·--
2 55.1 -----------
3 --·------ 62.3 

4 --------- 38.4 

5 63.4 -----------
6 · 92.1 

__ ,_ ________ 

7 98.2 ~----------
8 --------- 47.1 
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For Table I, select the best data from the data groups below: 

Trial A B c D E 

l 20.2 27 .8 29.8 70.3 79.3 

2 91.3 55.1 5.1 44.9 18.l 

3 37.7 12.3 62.2 78.1 1.1 

4 8.5 11.5 38.5 11.6 61.6 

.5 28.3 63.5 36.6 13.4 10.0 

6 8.0 92. 2 7.8 .42.2 16.0 

7 22.2 1.2 .50.0 48.8 98.l 

8 18.8 2.9 52.9 ·. 98.3 47.2 

TABLE II. Questions 9 - 12. 

Distance in centimeters of sets of rings from the center of the meter 

stick when the lever is in balance. 

Trial Two Rings Three Rings 

9 33.2 ------.-- .. --
10 --------- 16.4 

11 
.,. ________ 

6 .• 9 

12 40.3 -· .--------

For Table II. Select the best data from the data groups· below: 

Trial A B c D E 

9 18.l 66.8 22.1 26.8 33.3 

10 26.2 24.6 ·83.6 33.6 16.4 

11 93.1 43.1 6.9 10.2 21.1 

12 59.7 9.7 40.3 72. 2 26.9 
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TABLE III. Questions 13 - 16. 

Position, i,n centimeters from zero, of sets of rings,on a meter stick 

when the lever is in balance. 

Trial Two Rings . Three Rings 

13 16.8 -----------
14 --------- 66.3 

15 -. ------. 56.9 

16 9.7 -----------

For Table III. Select the best data from the data groups below: 

Trial A B c D E 

13 83.2 · 33. 2 7 2.1 16.8 48.3 

14 43.1 25.4 16.2 37.8 66.2 

15 43,1 39.8 .6.9 28.1 56.9 

16 43.1 40.3 9.7 90.3 76.9 

.TABLE IV. Questions 17 aQd 18. 

Position, in centimeters from zero, of sets of rings on a meter 

when the·lever is in balance. 

Trial 

17 

18 

Four Rings 

20 

Five Rings 

71.0 

stick 

For Table IV. Select the most suitable data from the data groups below: 

Tt:"ial 

17 

18 

A 

88.3 

24.0 

B 

20 

76 

c 

74.2 

71.0 

D 

80.0 

29.0 

E 

30.0 

21.0 
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19. The relation of weight to distance in the operation of a lever is 

best shown in which of the data groups below? (Nts = Newtons) 

a. 3 nts + 3 em~ 4 nts + 4 cm. 

b. 3 nts + 2 cm= 2 nts + 3 cm. 

c, 3 nts/2 cm= 2 nts/3 cm. 

d. 3 nts x 2 .cm = 2 nts x 3 cm. 

e. None of the above indicate the relationship of weight to dis

tance of the lever. 

20. which one of the data groups below best illustrates, mathematically, 

the balancing of a lever? 

a. 16 nts x 2 meters= 4 meters/8 nts. 

b. 16 nts + 2 meters = 2 meters + · 16 nts. 

c. 16 nts + 2 meters= 16 meters+ 2 nts. 

d. 16 nts x 2 meters= 8 nts x 4 meters. 

e. None of the above illustrates the balancing of a lever. 



ANSWER SHEE'l' ANSWER SHEE'l' ANSWER SHEE'l' ANSWER SHEE'l' 
TES'l' NO. ONE 'l'ES'l' NO. TWO 'l'ES'l' NO • 'l'HREE 'l'ES'l' NO. FOUR 

; 

Name Key Name Key · Name Key Name Key 

1. d 1. c 1. a 1. d 

2. c 2. c 2. b 2. b 

3. a or e 3. a 3. a .3. c 

4. d 4. a 4. c 4. c 

5. c 5. b 5. e 5. b 

6. a 6. b 6. b 6. b 

7. c 7. a 7. d 7. e 

8. d 8. b 8. e a. e 

. 9. e 9, c 9. e 9. c 

10. e 10. a 10. e 10. b 

11. c 11.. d 11. d 11. d 

12. d 12. c · 12. c lZ. e 

13. b 13~ a 13. c 13. c 

14. d 14. b . 14. a or e 14. b 

15. e 15. e 15. c 15. b 

16. b 16. c 16. c 16. e 

17. e 17. c 17, b 17. c 

18~ b 18. c 18. c 18. a 

19. b 19. b 19. d 

20. e 20. b 20. d 
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* TELEVISION LECTURE SERIES DATA INTERPRETATION 

DIRECTIONS: 

Please do not mark.in the question booklet. 

Please do however, 

1. Choose only ONE best answer for each question. 

2. Place the letter corresponding to your choice with 

the number oi the question on the answer sheet pro~ 

vided. 

3. Use scratch paper and pencil. 

4. Answer the easy questions ~irst and then return to 

the more difficult. 

5. Make reasonably intelligent guesses. 

* Retest segment &iven in one part 
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TES'r NUMBER FIVE 

1. In consideration of the method of approxi,mating the dimensions· of 

a ·molecule -qsed during the TV lecture, which. of the following data 

assemblages would be most useful? 

a. Volume and chemical composition of material used 

b. Volume and 
' 

color o~ the materi.al used 

c • Volume and price of the material used 

. d ~ Volume and. area of the material used 

e. Volume and weight of the· material \,\sed. 

2~ The characteristic of oleic acid that allows it to be used success-

fully in an ~periment like that mentioned in the TV. lecture i.s 

its ability to~ 

a. appear colorless 

b. appear heavier than water 

c. appear to reflect light especially blue and gold 

d. appear to form a thin film or layer 

e. appear to be easily available. 

3. A volume calculation data would most likely be drawn fr.om which of 

the groups ·listed below? 

a. 616 grains and very britt;le 

b. 6·grams per cubic centimeter and blue in color 

c. 50¢ per ·pound and maleable 

dJ Thickness of .00002 .cm,. length of 6 ·Cm, and width of 4 cm 

e .• Weight of .,00002 grams, length.of 6 cm, and width of 4 cm, 
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4. · Which one of the qat_~ groups· listed below could be used to find 

the SUt;'face area of a tl:lin. film or layer? 

a. Circumference= 20 cm 

b Th hi k f h 1 1 4 1"'~10 • e t c ness o t e ayer equa s. x 1:1 cm 

c. Density is 1 gram/cubic centimeter 

d. Density =·1 gram/cubic centimeter and. the value .. of II is 3 and 

1/7' 

e. Diameter= 8.cm and II = 3.14. 

5. With the data: 3 -4 Volume = 10- liters and thickness = 10 cm,. one 

could calculate which. one of the following? 

a. Value in cents of the sample 

b. Weight of the sample 

c. Distance between molecules in the sample 

d. Surface area of the sample 

e. Density of the sample. 

6. With the data: Volume= 10-4cm3 and volume occupied by one unit= 

10- 16 , one could calculate which of the following? 

a. ApprQximate weight of each unit 

b. Approximate color of each unit 

c. Approximate density of each unit 

<l. Approximate number of single units 

e. Approximate shape of single units. 

7. Which one of the data groups below furnish the most valuable data 

from which it would be possible to approximate the ra~ius of a 

single molecule found in a thin-layer of material that is only 

one molecule thick? 

a. Price= 63¢/gram and non-toxic 



b. 

c. 

d. 

e. 

Density= 1 gram/cm 

Volume =·l cm3 and the area= 105cm2 

Area= 2 x l0-5cm2 and bright green color 

Volume = 1 liter and in column three of the periodic chart. 
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8. Which one of the assumptions listed below would cause the greatest 

possible error in ~alculating the volume actually occupied by one 

oleic acid molecule? 

a. That all of the oleic acid molecules are perfect spheres 

. b. That all of the oleic acid molecules are of equal volume 

c. That all of the oleic acid molecules are the same color 

d. That all of the oleic acid molecules are different colors 

e, That all of the oleic acid molecules are of equal weight. 

9. A chunk of lead having a volume of 6 x 10· 2cm3 is forced into a 

thin sheet having a thickness of 2.x l0-5cm. Wh,at is the area of 

the sheet? 

a. 

b. 

c •.. 

d. 

e. 

5 x 107 cm2 

6 
7 2 

x 10 meters 

5 x 3 10 cm 

63 kg 

3 2 3 x 10 cm. 

10. If the same volume of lead as mentioned in problem No. 9 were 

pressed until it was just 1/2 the thickness of the sheet mentioned 

in problem No. 9, then its area would be changed to: 

. a. 6 x 103cm2 

b. 

·C • 

12 x 10\m2 

24 x 103cm2 



d. 

e. 

1.5 x 103cm2 

3 2 lx 10 cm • 

Ul 

11. A dngle · layer of equal-sized spheres entirely cover a square. The 

square measures 30 cm pn each side. When the total of these 

3 
spheres are placed in a volume-measuring device, a volume of 60 cm 

is observed. The diameter of each ~phere is .most nearly: 

1 x.10- 2cm a. 

b. 

-2 c .. 5 x 10 cm 

d. 7 x 10- 2cm 

e. 

12. A single layer of equally-sized spheres entirely cover a circle. 

The radius of the circle is 5 cm. The area of the circle is most 

.nearly: 

2 a. 68 cm 

b •. 78 cm2 

2 c. 88 cm 

d. 3 x 103cm2 

e •. 4 x t03cm2 

.. 13. A layer cake pan with a bottom area of 4 x 102cm2 .is completely 

filled with one single layer of spheres that are all the same size. 

The total of each sphere is about: 

1 
. a. 1. 5 x 10 cm 

b. .5 x 10° cm 

10 . c. 5.5 x 10 cm 

d. 55 
3 x 10 cm 

55 x 
-5 

e. 10 CQl. 
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14. A quantity of ball bearings 1 cm in diameter are purchased by 

volume. The volume purchased was about 3 liters. Approximately 

how many ball' bearings ·were purchased? 

a. 15 

b. 150 

c. 3,000 

d. 6,000 

e. 1, 500. 

15. If it were found .that 500 cm3 of spheres weighed about 500 gms, and 

there were about 500 spheres in that volUJl!.e, then the density of 

each sphere·would most nearly be: 

5 p/cm 3 a. 

b. 2 gm/cm3 

1 gm/cm 3 c. 

g. 4.8 x 10 3 gm/cm 3 

e. 28 ounces .. 

Types of motion (same set for 16-19, a. Speeds up until it hits some-

use only. one selection per item). thing or reaches bottom. 

b. Goes around at about a constant 

speed, 

c. Slows.down and stops 

d. All of the·above 

e. None of the above. 

16. Eraser which has been pushed so that it slides on.desk. 

17. Pencil which is dropped. 

18. Beach· ball rolling down a sand dune. 
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19. A molecule of lava which has just oozed over the rim of a volcanic 

cone. 

20. Refer to Figure 1. A swift and powerful force to the right ·is 

applied at?/'. The most likely result of this action would be: 

a. The thread breaking at~ 

b. The puck breaking at a 
c. The thread breaking at O"' 

d. Nothing happening 

.e. There is no scientific evidence available with which to make 

Wall 

a prediction as to what will result. 

Light 
Thread 

Top View Looking Down From Above 

Figure ·1 

Light 
Thread 
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21. A marble is released from rest on the left-hand .incline of the TV 

. lecture slope apparatus from a height of. 30 cm .above the lowest 

point of its path. If there were no friction, what is the highest 

possible vertical rise of the marble on the right-hand.sle>pe? 

a. Impossible to tell because the problem fails to state if both 

inclines are equally sloped 

b. 30 cm 

c. 60 cm 

d. 45 cm 

e. None o;f the above. 

22. A marble is released from rest on the right-~and incline of the TV 

lecture slope apparatus at a height of 45 cm above the lowest 

point. If there is no friction,.what is the vertical m~imum to 

which the marble could rise on the left-hand incline? 

a. Impossible to tell because the problem fails to state if both 

inclines are equally sloped 

b. 30 cm. 

c. 60 cm 

d. 45 cm 

e. None of the above. 

23. A marble is released from rest on the left-hand incline of the TV 

lecture slope apparatus at a heigllt · of 5 cm above the·. lowest point. 

If there ·is no friction and if the right'-hand incline rises ver

tically. 1 cm for every 10 cm of horizontal distance, how far will 

the marble travel in horizontal distance? 

a. 100 cm 

b. 200.cm 
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c. 50 cm 

d. 1 kilometer 

3 
e. 10 cm. 

24. A marble is released from rest on the right-hand incline of the TV 

. lecture slope apparatus at a height of 5 cm above the lowest point. 

If there is no friction and if the left-hand incline rises only 

1/2 cm for every 10 cm of horizontal distance, how far will the 

mal;'ble go in horizontal distance? 

a. 100 cm 

b. 200 cm 

c. 50 cm 

d. ~ x 103 cm 

e. 1 kilometer. 

25. An airplane is traveling at 600 m.p.h. in level flight, If the 

sum of all the forces acting on the airplane is zero, the airplane 

will: 

a. slow down, but never come to rest 

b. slow down and come to rest 

c. go faster until it hits something 

d. accelerate at a constant rate in level flight 

e. continue at 600 m,p.h. in level flight, 

26. An object will move with a constant velocity ff: 

a. there is a constantly changing force acting on it 

b. there are two parallel and constant forces acting on it.· 

c. there is one constant force acting on it 

d. there a.re unequal but opposite·forces acting on it 

e. there are no forces acting on it. 
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27. Suppose we have a pendulum as sketched in Figure 2. The support 

of the' pendulum is 100 meters long. The pendulum weight or bob is 

pulled up to a height of 2 meters on the right side and released. 

What do you estimate the highest point of rise of the bob on the 

left side to be? 

a. Equally as high as the initial release point 

b. Twice as high as the in;i. tial release point 

c. Half as high as the initial release point 

d. Three times.as highas the initial releasepoint 

e. Not enough data available for a good estimate. 

\ 
\ 

Left Side 

\ 
\ 
\, Right Side 

\ ·.;....... 

/ "\ 

·- -- __, - -
( 1· .//\..,...._/ 2 

meters 

--

·Figure 2 
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28. Suppose we use again Figure 2, but this time picture.the bob to be 

pulled up on the left side to a height of 2 meters and then re

leased. Now, what do you estimate the highest·point of rise of 

the pob on the right side to be? 

a. Equally as high as the initial release point 

b. Twice as high as the initial release point 

c. Half as high as the initial release point 

d. Three times as high as the initial release point 

e. Not enough data available for a good estimate. 

29. Consider the sketch in Figure 3. It is identical to the sketch 

in Figure 2 except that a barrier at the arrow tip has been so 

placed as to force the bob to swing on t;he left s.ide about a'point 

not 100 meters above the bob as on the right side but rather only 

7 met;ers above the bob. If the bob were pulled up to a ma:ldmum 

height of 1.5 meters on the right side and released, then what· 

would be the maximum rise of the bob on the left side? 

a. 1.5 meters 

·b. 5 meters 

c. · .• 5 meters 

d. 3 meters 

e. There is not enough,information furnished to make an estimate, 
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30. Again consider Figure 3 .. However, this time the bob is pulled to 

a maximum height of 5 meters OI). the left side ap.d released. The 

barrier at Xis unchanged, What should the maximum rise of the 

bob be on the right side? 

1;1. 1.5 meters 

b. 3 meters 

c. .5 meters 

d. 5 meters 

e. There is not enough. information furnished to make an estimate. 

ltems 31-33 are concerned with matching different types of data with 

~ppropriate energy relations •. Each item mentions an energy conversion 

situation. Please selec~ the type of energy conversion that the system 

.will exhibit. 
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Types :of energy relations. (same -set a •. Potential to ~inetic · energy 

items :31 .. 33 use ·only one selection · b. Kinetic to potential energy 

per it~.) c. 50% KE and 50% PE 

d. 25% KE and 75% PE 

e. 75% KE and 25% PE. 

31. An elevator is 1/4 of the way from the top to the ground. 

32. A skydiver after stepping_out of an airplane }i.igh in the sky. 

33. The flag being lowered at sunset. 

34 •. In one of the data collections ·below is sufficient information to 

calculate ·the kinetic energy of a systeqi. Which one is it? 

a. 50 meters/second due north, 10 kilograms 

Q. 50 meters/second due no11"th, 10 kilograms and 100 meters 

c. 20 meters/second due south and .100 meters 

d. 1 kilogram, 10 meters, and 9.8 meters/second 2 

e. 1 kilogram, 10 meters. 

35. In one of the data collections below is sufficient information to 

calculate .the potential energy of a system. Which one is it? 

a. 50 meters/second due north, 10 kilograms 

b. 50 meters/second due north, 10 kilograms and. 100 meters 

c. 20 meters/second due south and 100 meters 

d. 1 kilogram, 10 meters, and 9.8 meters/second 2 

. e. 1 kilogram, 10 meters • 

Refer to Figure 1 for questions .36-.40. 

a.A. 
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d • .?-
e. Figure 1 does not supply enough data with which to make an 

.. interpretation. 

Work ~·Force x Distance 

6 

S' 

Units 
If· 

·of 
,3 Force 

2 

:2 
r 

I 
.A J 

I 7 
Units of Distance 

Figure 1 

36. After carefully reading the work graph pf Figure 1, decide-which 

system required the longest time period to complete the work . 

. 37. After carefully reading:the work graph of Figure 1, decide which 

system required the shortest time period to complete the ~ork. 

38. Which system accomplished the most work? 

39. The system that indicates 15 units of work is; 



40. Two systems indicate equal work •. Which are they? 

a.~ ano i 
b, r and_/L 

c.r and .I 
a.A and .f 
e. ~ andy 

Refer to Figure 2 .for questions 41-44. 

Spring Displacement Vs. Force Applied 
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41. . The elasticity characteristic of a large rubber band is plotted in 

.the graph of Figure 2. Which statement below best described what 

occurs between points ''b" and "d"? 

a. Two units of displacement is brought about by the application 

of four units of force on. the spring. 

b. Two un;i.ts of force applied to the spring results in four units 

of spring displacement. 

c. Force is directly proportional to displacement in.this spring. 

d. There is no relation between force and displacement in this 

spring. 

42. Which one of the choices listed below would be the best interpre

tation of t;he data between points· "z" and ''a"? 

a. Force applied.is directly proportional to resultant displace

ment in the spring. 

b. The spring w:i,11 no.t begin to stretch until at least 1/2 of a 

.force unit is applied. 

c. The spl:'ing has been "sprung" and will no longer behave as it 

did between points "a" and "e." 

d. The situation shown between po:i,nts "z" and "a" is identical 

to the situation shown between.points "a"·and "e." 

e. The situation shown between points "d" and ''f" · is identical to 

the situation shown between points "z" and "a." 

43. Consider data between points "b" and "d" only. If force units are 

called F and displacement units are called. X, and if there is a 

consta"Q.t ratio between these twovalues, it is iqost nearly: 

a. F/X = 5 

b. F /X = 1 



c. F /X ;::: 2 

d. Ji' /X = 3 

e. There is no constant ratio. 

44. If there is a constant ratio of F and X, then it can be most easily 

.re~d from the graph, between points "b" and "d, 11 by noting: 

a. The number of data points on the line 

b. The length of the line 

c. The area under the curve 

d. The slope of the line 

e. It is not possible to determine from the data available. 

Consider Figure 3. It is a sketch of the apparatus .used to gather the 

data found in the graph of Figure 2. The apparatus is designed to de

tect changes in potential energy. At the top and bottom of its motion, 

the mass is at rest. When th.e mass is at the bottom of its motion, its 

energy is stored in the spring. At the top of its motion, its energy· 

is stored in the gravitational field or its energy is due to its higher 

position. Compare the change in gravitational energy with the change 

in potential energy stored in the spring. 

45. Force (F) and displacement (X) are in ratio. If that ratio is con-

stant, name it C. Which statement below best indicates the re

lation between the potential energy of the spring and the displace

ment of the spring? 

a . 1 I 2 MV2 - mgh 

b. C ::;: F /X 

c. E total= PE+ KE 

d. mgh = 1/2 cx2 

e •. There is no constant ratio of F and.X. 
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A meter stick has a hole drilled through its center at the 50 

centimeter mark. A nail is slid through the hole and driven into a 
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mount, The stick can rotate freely with the nail at the axis. Equal 

weights, of one newton each, are placed at different centimeter marks 

on the stick. 

In the following tables are data gleaned from a series of trials 

in balancing:with the apparatus described above. 

Please carefully read the table titles before attempting to select 

the missing data fl;'om the choices available .. Select the best answer for 

each blank of each table. 
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TABLE I. Questions 46-49 

Distance (in centimeters of sets of weights from the balanc~ point 

(50 cm) of the lever) multiplied by the number of weights. 

Trial 2 .Newtons 3 Newtons 

46 --- . ----- 19 .8 

47 --------- 13.7 

48 63.3 ---------
49 --------- 66.8 

· For Table I. Select the best data from the data groups below: 

Tr:l.al .A B c D E 

46 14.1 80.2 99.0 30 .. 2 .19.8 

47 50 .. 0 86.2 21.4 13 .. 8 ·36.2 

.48 75.5 63.3 13.3 28.0 36.7 

49 2.5 33.2 .66.8 .. 15.1 16.8 

TABLE II. Questions 50-53 

Distance in centimeters of sets of weights from the fulcrum of the 

lever when the meter stick is in b9lance. 

Trial 2 Newtons 3 Newtons 

50 37.8 ---------
51 --------- 12.3 

52 40.5 ---------
53 ------ ... -- 25.0 
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For Table II. Select the best data from the data groups below: 

Trial A ~ c D E 

.50 25 .2 62.8 .37.8 13.0 . 12.8 

51 26.,3 · 12.3 57.7 87.7 18.4 

52 10.5 39.5 40.5 27 .o 34.5 

53 48.1 6.2 3L5 75.0 25.0 

T,ABLE III. Questions 54-57 

Position,. in: centimeters from zero, of sets of weights· on a meter 

stick when the· lever is in balance. 

Trial 2 Newtons 3 Newtons 

54 12.2 ---------
55 ------..... - 62.3 

56 35.0 ------·--
S7 --------- 75.0 

For Table ·III. Select the best data from the groups below: 

. Trial A B c D E 

54 57.8 75.2 .32.1 87.8 12.2 

.53 72.1 12.3 62.3 52.0 31.6 

56 75.0 45.0 . 60.0 .15.0 65.0 

57 1245 25.0 75.0 24.5 84.5 
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TABLE.IV. Questions· 58-59 

Position, in centimeters from zero, of sets of weights on a meter 

stick when the lever is in- balance. 

For Table IV. 

Trial 

58 

59 

Trial 

58 

59 

A 

70.0 

20.0 

4 Newtons 

30.0 

B 

26.0 

12.5 

c 

o.o 

70.5 

· 5 Newtons 

80.0 

D 

66.0 

40.5 

E 

90.0 

30.0 

60. Which one of the equations below would allow a lever to be· in 

balance? 

a. 3 newtons+ 12 meters= 12 meters+ 3 newtons 

· b. p meters) (12 newtons) = (36 meters)· (36 newtons) 

c. (12 newtons) (3 meters)= (4 newtons)·(9 meters) 

.d. 3 newtons/12-meters = 12 newtons/3 meters 

e. None of the above ·would allow a lever to be in balance. 



ANSWER SHEET 
TEST NO. FIVE 

Name Kev 

1. d 21. b 41. c 

2. d 22. d 42. b 

3. d 23. c 43. b 

4. a or e 24. a 44. d 

!? • d 25. e 45. d 

6. d 26. e 46. e 

7. d · 27. a 47. d 

8. a 28. a 48. b 

9. e 29. a 49. c 

10. a 30. d 50. a 

1:L. d 31. d 51. e 

12. b 3.2. a 52. d 

13. b 33. a 53. .C 

14. c 34. a 54. b 

15. c 35. d 55. e 

16. c 36. e 56. c 

17. a 37. e 57. a 

18. a 38. d 58. d 
,, ...... 

19. a 39. d 5j. b 

20. a 40. b 60. c 
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