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ABSTRACT 

It was the purpose of this study to compare two different 

methods of presenting eighth grade general science. Performance 

on tests of problem solving, critical thinking, study skills, sub

ject matter achievement, and attitude toward science was used in 

determining if one method were superior to the other. 

Two groups of 56 students were equated on the basis of 

means and standard deviations for scholastic aptitude and reading 

ability. Each group consisted of 27 boys and 29 girls. The differ

ence between the means of the ages of the two groups was not 

statistically significant. 

The traditional group received lectures, observed demon

strations, and participated in infrequent laboratory activities. They 

were assigned outside homework and questions to be answered. 

The experimental group received no reading assignments 

and had no textbooks. They were given no lectures whatsoever. 

During their time in class they used a guide sheet which led them 

through numerous activities which were designed to develop facts 

and concepts usually taught in each unit of study. 

Based upon their activities it was hypothesized the experi

mental group would do significantly better at the . 01 level on a 

viii 
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one tail test of significance in the areas of critical thinking, 

problem, solving, attitude toward science, and study skills. Con

versely, it was hypothesized the traditional group would do 

significantly better on tests of subject-matter attainment. 

Critical thinking was measured by the Watson Glaser 

Critical Thinking Appraisal. Problem solving was measured by the 

Sequential Test of Educational Progress. Attitude was measured 

by Remmer's Attitude Toward Any School Subject Scale. Study 

skills were measured by Stanford Achievement Test-Study Skills. 

Subject matter attainment was measured by Stanford Achievement 

Test-Science and by teacher-made tests. 

In addition to the above tests the groups were tested a 

third time on three of the teacher-made tests to determine if there 

were any differences in retention scores between the two groups. 

Two teacher-made problem-solving tests were given in an attempt 

to determine if either group was significantly better than the other 

group on this aspect of science. 

The significance of difference between the means was com

puted using the t test for correlated means where the correlation 

coefficient is a multiple correlation coefficient. 

Based upon the level of significance chosen, the statistical 

findings revealed that there was no statistical difference between 



mean scores obtained on standardized tests of problem-solving, 

subject-matter attainment, study skills, critical thinking, and 

attitude toward science. Of the five teacher-made subject-matter 

tests, there were only three instances in which the traditional 

group did significantly better than the experimental group. 

Had a level of . 05 been accepted the results would have been 

more in agreement with the original set of hypotheses. There 

would have been no change in the significance of the means of the 

standardized problem-solving and science test. The study skills, 

critical thinking, and attitude tests would have been in favor of 

the experimental group. In four of the five units of study the teacher-

made tests of subject-matter attainment would have favored the 

traditional group. 

In two of the three retention tests the experimental group 

forgot less than the traditional group. The experimental group's 

scores also revealed a greater gain from post-test to retention 

test than did the traditional group's scores. In all three retention 

tests the differences between the means were significant. 



CHAPTER I 

INTRODUCTION 

The history of man has been one of change. From his 

earliest beginnings as a nomadic hunter, to the present concentra

tion of millions of people in urban centers which are separated 

from one another only by name, man has been changing his society 

and technology. Approximately one hundred years ago man was 

still striving for sustained flight while today he is taking the first 

tentative steps toward interplanetary space travel. Just over one 

hundred years ago Pasteur was locked in heated argument over the 

doctrine of spontaneous generation while today scientists are edging 

ever closer to the creation of living protoplasm from the basic 

elements of nature. 

The technology of man has not advanced on all fronts in 

unison, but each invention has been built upon the labors of a prede

cessor, and as each invention finds its application, it provides a 

stimulus for the development of other inventions. Inventions have 

even been known to arise simultaneously in different parts of the 

world but their creation was dependent upon previously acquired 

techniques and knowledge. 

1 



It is not just a cliche that the twentieth century has been 

classified as the age of science. Modern man has amplified his 

limited senses through electronics so that he may project his vision 

to the surface of the moon, his hearing to the depths of the ocean, 

and his sense of touch so that he may "feel" the impact of energy 

bundles arriving from interstellar space. It is because of this age 

of technology and change that man has begun to wonder about the 

wisdom of attempting to impart the multitudinous facts he has 

accumulated through the ages. He is struggling with the task of 

attempting to determine which facts should be passed on and is 

questioning the present methods by which all knowledge is imparted 

to his progeny. He is seeking new avenues of approach to the 

entire problem. It would be erroneous, and even unjust, to imply 

that man is only now appraising his educational scheme. Educa

tional change has been going on for a long period of time, and it 

should perhaps be said that today the appraisal is one of degree and 

point of focus rather than merely an awareness of the need to 

appraise. 

The evolving educational pattern was summarized by 

Carpenter ( 1958) when he listed seven steps in the evolution of 

relatively modern science teaching. He indicated that prior to 

1845 science teaching was merely scattered throughout the curricu

lum. Around 1845 "object teaching" was in vogue but became too 
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rigid and formalized during the years approaching 1875. Nature 

study persisted until around 1920 when the curriculum again be

came too rigid and formal and content became of prime concern. 

Craig and others helped clarify many issues relating to content and 

objectives of science instruction. Monroe and Marks ( 1938) pre

sented nine methods which were being used at that time: 

1. lecture--which is a protracted discourse by the 
teacher 

2. recitation--extended questioning of the pupils about 
an assignment 

3. object teaching--frequent use of concrete objects 
which pupils study and about which questions are 
asked. 

4 .  developmental or Socratic--questioning about an 
idea 

5. laboratory--the class becomes a workshop filled 
with the tools of living. 

6. project—the student "purposes" to do something 
and all activity is directed to the purpose 

7. problem--the teacher makes the assignment in 
terms of a problem and thereby directs the 
learning 

8. socialized recitation--teacher pupil cooperation 
and discussion technique resulting in mutual 
stimulation 

9. Morrisonian Unit Mastery--in which there is 
teaching, testing, reteaching and retesting until 
mastery is attained. 



4 
The current efforts to appraise, define, and restructure 

science education have been aided by a number of factors which are 

unique in the history of education. First, the science practioner 

himself has become involved in the evaluative and developmental 

processes. Secondly, the federal government has made available 

huge sums of money to finance projects which attempt the improve

ment of science instruction and which involve the cooperative 

efforts of educators, psychologists and scientists over periods of 

years. Finally, the general public voiced bitter criticism of the 

schools as a result of the Soviet satellite which was placed in orbit 

in 1957 prior to America's first attempt to perform a similar feat. 

The fact that America was building such a satellite and that the 

scientific community's emphasis was elsewhere did not still the 

criticism. The present state of American space technology, which 

is equal or superior to that of the Russians, does not indicate the 

success of attempts to revolutionize science education and produce 

new and adequately trained scientists. It does indicate that the 

United States has been successful in the shifting of emphasis and 

the diverting of manpower into this field of national endeavor. The 

quality of United States education has been present; it has, however, 

been necessary to redirect its goals. Nonetheless, the training 

of students in science is receiving a searching appraisal. World 

technology, changing so rapidly as to indicate the content learned 
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today may be obsolete by the time the learner moves to the next 

grade, has focused attention not so much on the acquisition of 

facts as on the development of the mental skills needed for dealing 

with scientific problems. Out of the desire to educate for process 

rather than subject matter content grew the studies of today. 

Mallinson and Buck { 1955) indicate that more research is now 

being done in science teaching than in any other elementary school 

subject except reading. 

The present day studies have produced a vocabulary of 

terms which are both subject and verb depending upon their con

textual use. Terms such as "process," "inquiry," "discovery i  " 

"scientific method, " are being found to a greater and greater 

degree in the literature. A look at the various experimental pro

grams will serve to illustrate their diversity and point of emphasis 

and to provide a contextual frame of reference for the afore

mentioned terms. 

Science Programs Today 

The previously mentioned programs reflect a desire to edu

cate more for inculcating the process of science than for its 

content. Yet it would be inaccurate to state that content has been 

completely neglected. Many of the programs have made an attempt 
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to blend the process of science with the new content and concepts 

which have emerged in recent years. The first changes in this 

direction were made on the secondary level and programs incorpo

rating them are now being developed for the elementary and junior 

high school. 

The earliest of the secondary school development programs 

began at the University of Illinois. This program was called the 

University of Illinois Committee on School Mathematics and had the 

goal of presenting mathematics as a unified discipline. It hoped to 

have students discover the structure of mathematics and thereby 

realize the nature of a mathematician's work. 

Another of the new programs was the School Mathematics 

Study Group initiated in 1958. This program attempted to provide 

"an improved curriculum, which will develop mathematical skills 

while building cohesive understanding of the essence of mathe

matics" and to "display the attractive interest-stimulating facets 

of the subject" (Science Education News 1964, p. 3). This 

program was being used by 2, 000, 000 students during the 1963-64 

school year (Science Education News 1964, p. 3). 

The Chemical Bond Approach was developed in 1957 and 

attempted to provide the student with "... the basic ideas of 

elementary chemistry without all the material often considered 
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part of this course" ( Science Education News 1965, p. 4). 

Traditional chemistry was criticized for its applied chemistry 

approach to the subject and the highly restrictive nature of the 

laboratory experiments. 

The Chemical Education Material Study program was organ

ized in 1959 and is said to emphasize the discovery approach. 

This program is being utilized by 220, 000 high school students or 

approximately 20-25 per cent of all high school chemistry students 

(Science Education News 1964, p. 3). It strives for understanding 

of the concepts of chemistry "rather than the isolated bits of in

formation that can be acquired from studying purely descriptive 

chemistry" (Science Education News 1964, p. 3). 

The Physical Science Study Committee was established in 

1956 to prepare an integrated two-year sequence in physics and 

chemistry but ultimately devoted itself to physics alone. This pro

gram is currently being used by 200, 000 high school students 

(Science Education News 1964, p. 3). Its aims were to develop a 

course that would "concentrate on fewer facts than are usually 

included in an elementary physics course" and one that would 

"emphasize understanding these facts rather than memorization of 

them" (Science Education News 1964, p. 3). 
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The Biological Sciences Curriculum Study was organized in 

1959 and involves some 600, 000 to 700, 000 high school biology 

students (Science Education News 1964, p. 4). This program 

consists of three approaches to biology. There is a molecular 

approach, an ecological, and a cellular approach. These repre

sent a definite attempt to introduce the new concepts of biology as 

well as to present biology to the student as a unified whole rather 

than as a series of distinct subject entities. 

The foregoing programs represent the most outstanding 

and well established secondary level studies. On the elementary 

level there are a number of programs in the developmental stages 

which complement the secondary studies. 

The Illinois Elementary School Science Program is for use 

in grades five through eight and deals with astronomy. "Emphasis 

. . . is on careful development of a conceptual sequence that high

lights rational arguments rather than conclusions, and also on the 

intellectual power of a few pervasive ideas rather than description 

of loosely connected facts and phenomena" ( Atkin and Wyatt, Jr. 

1 9 6 4 ,  p .  7 ) .  

The Commission on Science Education of the American 

Association for the Advancement of Science initiated a program 

w h i c h  p u r p o r t s  t o  u s e  t h e  p r o c e s s e s  o f  s c i e n c e  a s  i t s  m e d i a  f o r  
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developing those behaviors which are felt to be common to all 

scientific endeavors. This program is most commonly called a 

process approach. 

The Florida State University Junior High School Science 

Program is designed to begin where the American Association for 

the Advancement of Science program has terminated. According to 

J. Stanley Marshall ( 1964, p. 2), director of the program, 

emphasis will still be on process but with a more restrictive defi

nition. Scientific information and knowledge will receive the 

major share of attention in grades seven and eight. 

Princeton University is developing a sequence of studies 

called Time, Space, and Matter: Investigating the Physical World. 

This is reportedly developed to permit the student to discover for 

himself through observation and inference something of the nature 

of the physical world around him. 

The Introductory Physical Science Program was initiated 

in 1963 and purports to equip students with basic attitudes and 

skills they will need when they later encounter the improved curric

ulum in physics, chemistry, and biology. Its ultimate aim is to 

replace the general science course of the junior high school. 

The Earth Science Curriculum Project which was developed 

at the University of Colorado is an e^tperience-centered course in 



10 

which inquiry and the study of natural phenomena are stressed. 

Finally, the same School Mathematics Study Group dis

cussed under the secondary school programs has developed a pro

gram which uses physics and biology experiments to introduce the 

need for a particular type of mathematics skill. Topics are such 

that the analysis of data requires certain mathematical methodolo

gy • 

It may be seen from the foregoing programs that each one 

attempts to attain its goal through some activity which has been 

classified as a process of science, a program of discovery, 

a method of inquiry after concepts, or plain scientific method 

which, in fact, may embody all the foregoing descriptive terms. 

It is evident, from the magnitude and the diversity of the 

programs, that there is considerable educational experimentation 

and change taking place today. Fortunately, some of these pro

grams have been in use long enough that assessment of their 

products can be made and serious doubts as to their effectiveness 

are being expressed by prominent educators. 

Some of these doubts are expressed by Ausubel ( 1963) who 

argues that discovery is often an unrealistic expectation. He also 

feels that discovery is so time consuming and inefficient that it 

should not, in general, replace expository teaching. 
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Bennett ( 1965, p. 274) states, "The goals of science 

education are too important and far-reaching for the process of a 

curriculum outshining the products of the curriculum. 11 

Speaking in defense of some of the current methods under

lying the programs Atkin and Karplus ( 1962, p. 47) state, "The 

educational problem, rather, is to teach the children to carry out 

their creative thinking with some intellectual discipline. " 

Renner ( 1964, p. 413) states, "Science is concerned with 

two parts, i.e., processes and products. The processes are 

observation, classification, hypothesizing, and verifying. '.The 

products of science are its facts and general laws. " He lends his 

support to the current programs by indicating that one reason for 

the wide changes in science today is that we have too long been 

working with the product and neglecting the process. 

Despite the fact that there are numerous programs being 

used or developed and that there are proponents for, as well as 

against, the various programs, the entire problem was most 

succinctly defined by Glen O. Blough who stated, "One of the 

problems of science teaching remains that of determining by what 

methods science shall be taught" (Blough 1958, p. 8). Burnet and 

Parowski ( 1951, p. 271 ) raised an even more basic question in 

their review of the literature relating to science education when 
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they stated, "A fundamental weakness in all studies relative to 

scientific method and scientific attitudes is that there is no clear 

general agreement as to what comprises these qualities. 

It has been the purpose of this section to indicate most 

briefly that science education has been subject to change down 

through the years but that this change has been accelerated by a 

number of factors which are closely allied to the tremendous 

growth of science technology. A number of new programs for 

teaching science have been presented as well as statements by 

prominent educators which either challenge or defend the program's 

rationale. 

While there is not yet a definitive answer to the question 

of which method or methods are best for teaching science, the re

lated literature offers perspective and implications for research. 



CHAPTER II 

RELATED LITERATURE 

It is the purpose of this section to review the literature 

dealing with experimental attempts to determine the value of vari

ous methods of science teaching. Particular emphasis will be 

paid to those attempts which deal with a problem-solving, versus 

the more traditional approach such as lecture-discussion, lecture-

demonstration, textbook-discussion. 

One additional purpose of this section is to provide a back

ground of information against which the rationale of the study is to 

be made. 

As long ago as 1918 Wiley ( 1918) attempted to show which 

pupils gave evidence of the best permanent retention as well as 

best immediate recall after being taught by three methods: the text

book recitation method, the lecture method, and the laboratory 

method. His results indicated that there was little difference be

tween the three methods in the general acquisition of knowledge. 

For immediate learning the textbook was superior, for permanent 

learning the laboratory method was perhaps slightly superior. On 

the basis of time involvement the laboratory method was most 

demanding. 

13 
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Tyler ( 1931 ) in reviewing the literature for the years 

1928-31 found that studies relating to the effectiveness of individual 

laboratory method compared with demonstration-experiment 

methods were conflicting. Most of the studies reported results of 

contrasting various types of demonstration presentation and 

laboratory work. 

In comparing the efficiency, in terms of understanding, of 

contrasting reading and demonstration methods, Boeck ( 1956) 

found that there was no significant difference between three groups 

in terms of factual information attained. In terms of interests and 

attitudes, it was found that a combination of reading and demon

stration produced the best results, followed by demonstration and 

finally by pure reading. 

Carpenter ( 1958 ) found that in a comparison of the problem 

method and the textbook discussion method in elementary science 

the students in the problem method scored significantly higher than 

those taught by textbook discussion. When roles were reversed the 

same general results were obtained. It should be noted that each 

author has a different interpretation of the structure of the experi

mental method. In this last study the problem method consisted of 

a statement of a problem in science followed by teacher guidance, 

reading, and classroom experimentation. A final group conference 

on results was held. 
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Das { 1964) reported that in students of equal intelligence, 

as measured by standardized tests, the group which had used the 

problem development method was superior in subject matter attain

ment. In experimental and control groups where the experimental 

group was of lower intelligence than the control group, it was found 

that the experimental group with the lower intelligence score made 

gains equal to that of the control group. The problem development 

method was guided by the teacher and consisted of : 

1. Defining the problem 

2. Obtaining data about the problem 

3. Formulating hypothesis 

4. Testing hypothesis and reaching a conclusion. 

In attempting to determine the adequacy of experience alone, 

Butts ( 1963 ) performed demonstrations of science concepts relating 

to displacement, inertia, action-reaction and pressure as a func

tion of depth. The experimenter made no explanations before, 

during, or after the demonstration. The children showed no signi

ficant improvement in any concept except action-reaction. He con

cludes that teacher direction is needed for the discovery of relation

ships to take place and that the school should do more than furnish 

a conceptual framework for learning. Atkin and Karplus ( 1962 ) 

reported findings similar to Butts' in that certain concepts of 



science, such as the magnetic field did not fit common-sense 

understandings. Children did not discover them solely by self-

generated and autonomous activity. The teacher had to furnish the 

framework within which autonomous learning occurred profitably. 

The much vaunted open end experiment was subjected to 

critical appraissil by Karle ( I960) who found no significant differ

ence between groups taught by the traditional method and the open 

end experiment. He tested his subjects on critical thinking, 

interest in science, recall of information and application of princi

ples. 

Karle1 s results were basically substantiated by Charen's 

( 1963) findings. Contrasting open end experiments in chemistry 

with traditional methods, Charen found that neither method re

sulted in improvement on a researcher made test. On the Watson 

Glaser Critical Thinking Appraisal he found that the traditional 

method was inclined to produce more favorable scores. 

In reviewing the literature between June, 1961, and June, 

1964, Atkin ( 1964) concluded that the inductive discovery methods 

of science instruction failed to produce more effective learning 

than traditional deductive verification methods. 

If Atkin's conclusions are correct, and there is little 

doubt that they are, it would seem that the inductive method is 
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extremely wasteful in terms of time. Shippers ( 1962 ) found that 

not more than seven units per school year should be scheduled with 

the problem method because of time factors. These findings by 

Shippers are supported by Ausubel ( 1963). 

In attempting to relate methods of instruction to develop

ment of critical thinking, Kastrinos ( 1961 ) found that in equating 

lower intelligence groups with those taught by the "principles -

critical thinking" method the latter made a significant improve

ment over their pre-test scores on ability to judge interpretation 

of data; the textbook recitation group did not. Students of high 

ability who had been taught by the "principles-critical thinking" 

method improved in all areas tested, but students of high ability 

who had been taught by textbook-discussion method did not improve 

in all areas. 

It would seem from Kastrinos' study that when one is at

tempting to teach a skill it has a probability of success, but when 

a skill is expected to be a con commit ant of a particular instructional 

method, it has a relative potential for failure. This is demon

strated by Karle's study and that of Charen. These researchers, 

permitting a flexible approach to chemistry experimentation, ex

pected to obtain an increase in critical thinking as a concommitant 

of the assumed need to think critically in open-end experimenta

tion. Their expectations were not realized. 
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Mahan ( 1963) attempted to determine the effect of problem 

solving and lecture discussion methods of teaching general science 

on basic science understandings, problem solving skills, attitudes, 

interest and personal adjustment. He found that the groups ex

pressed no difference in their attitudes. Boys acquired superior 

growth in science knowledge and significantly greater growth in the 

ability to apply this knowledge in problem solving situations when 

they had been instructed in the problem solving approach. It is 

interesting to note the mention of sex difference in this study. 

These findings, as related to sex, seem to be in agreement with 

several other researchers. Torrence ( 1965, p. 102) states 

. . girls tend to learn better than boys when the learning is 

deliberate or by authoritative identification rather than by more 

spontaneous or creative ways of learning or learning on one's own." 

Torrence ( 1963) also feels that girls reject science at most levels, 

but by high school this rejection becomes quite strong. Navarra 

( 1963) cites Dameron1 s finding that in a sample of 728 girls as 

compared with 767 boys the girls had a significantly higher degree 

of intelligence than the boys, but they were significantly lower 

than the boys on both the pre- and post-science achievement tests. 

Mahan ( 1963 ) further indicated that students in the lower 

ability ranges acquired superior growth in science knowledge and 
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in problem-solving skills when instructed in problem-solving 

methods. This finding agrees with those of Carpenter and Das. 

Students who had been instructed in the problem-solving method 

showed greater science interest. 

Toohey ( 1963) found that students of ninth grade earth sci

ence who had been taught by a laboratory method showed a definite 

advantage in subject-matter attainment when compared with students 

taught by lecture-discussion. 

Grote ( 1961 ) who established his experimental program on 

the basis of two methods--Directed-Discovery, which means plac

ing a major responsibility upon the student as an active participant 

in the study of meaningful material and Direct-Detailed Learning, 

which means the student is a less active participant in the learning 

process--found that after two experimental treatments there was 

no difference between the two groups in terms of initial learning, 

retention and transfer. The greatest gain in learning and reten

tion was produced when the Directed-Discovery method was 

followed by the Direct-Detailed method; in other words, placing a 

great deal of emphasis upon student doing and learning, then con

firmation of activity through a more passive role. An explanation 

for the result of Grote's study may have been implied by 
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Bugelski ( 1964, p. 264) when he said: 

To be sure that the learner is learning what 
we want him to learn we must remove all irrele
vant stimuli and make sure he is responding to 
the relevant ones. . . The animal researcher 
attempts to do this by starving his subject; the 
hypnotist by suggestion. What, then, can the 
teacher do to attain the same state of "readiness" 
for learning in students? Can the teacher engage 
in some parallel operation and perhaps "starve" 
the learners in some way that will make them 
hungry for knowledge? 

The "starving" of the learner may have been accomplished by 

Grote when he placed the students in the Directed-Discovery situa

tion and then followed it by the Direct-Detailed situation. 

With the previous discussion of the literature in mind, it 

is obvious that the results of experimental attempts to determine 

the best methods of teaching science are conflicting. In general, 

boys''do better than girls in problem-solving situations, while 

slow learners tend to progress better when using a problem-

solving approach. Critical thinking is not an outcome of any 

method unless critical thinking is the direct goal of a teaching 

method. Problem solving seems to be more time consuming but 

may provide for greater retention of subject matter. 

The studies cited fall into a general framework of students 

actively working in a laboratory situation or on a problem-solving 

situation with the teacher's cooperation in aiding and directing the 

problem solving. Usually the control has the teacher carrying 

the burden of the presentation with the student in a recipient role 
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situation. The open end experiment may be considered an exception 

to the first method discussed, but even this had a portion of the 

class hours devoted to teacher presentation. 

In order to establish the rationale for this study a few addi

tional ideas are worthy of mention. While these ideas may appear 

incidental, an attempt will be made to indicate their relevancy. 

In a study by Margaret Mead and Rhoda Metraux ( 1957, 

p. 385 ), it was found that: 

When science teaching is successful, the 
teacher has created a situation in which his or her 
personality sinks into the background and in which 
no one student stands out as so especially gifted 
and preoccupied as to rouse annoyance in the class. 
Students and teachers appear to have worked as a 
group, accepting science as a part of their lives, 
preoccupied with no specific identified individuals. 

Childs ( 1949, p. 262 ) stated, "The able teacher is one who 

is conscious of opportunities for solving problems and is capable 

of establishing learning situations in which pupils will wish to solve 

problems. " 

Bugelski ( 1964) suggests the subordination of the teacher 

from that of a central figure to one of a person who provides the 

student with materials such as syllabi, projects, directed read

ings, and individual conference opportunities so that the student may 

gain an understanding of the objectives and subject matter of an 
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area. He further indicates a number of studies have been done in 

which college students have done as well on objective tests without 

attending class as have students who attended class and were given 

lecture presentations. 

Cronbach ( 1955, p. 205 ) states, "We know that the two-

sense media sometimes carry some of their own reinforcement 

with them. We know that participation, whatever the media, will 

contribute to learning, but without problem posing techniques such 

participation is not developed. " 

Wittich and Schuller ( 1953) emphasized the concept that 

learning and thinking must come initially through one or more of 

the senses, that one learns better when all pertinent senses are 

employed, and that one reason firsthand experiences are so effec

tive is that these experiences involve the whole child--his physical 

senses as well as his intellect. 

McKeachie ( 1951 ) has indicated that student anxiety about 

grades is a strong motivating factor and inhibits the departure of 

students from the traditional procedures. 

In summarizing the salient points of the foregoing material 

the following ideas are emphasized: 

1. Minimization of the teacher's active role 

2. Involvement of the child 
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3. Structured learning situations involving problems 

4. Removal or minimization of grade threat 

Rationale for the Study 

Based upon the immediately preceding quotations it would 

seem that if a science study program were constructed in such a 

manner as to offer minimum teacher involvement and maximum 

involvement of the child in a structured meaningful problem-

solving activity requiring the manipulation of equipment, gathering 

of data, drawing conclusions, along with the removal or minimiza

tion of grade threat there should result in the child attitudes more 

favorable toward science, greater problem-solving skills, in

creased ability in critical thinking and finally, superior subject 

matter attainment. 



CHAPTER III 

STATEMENT OF THE PROBLEM 

It was the purpose of this study to determine whether the 

attainment level of eighth grade general science students taught in 

an environment offering maximum involvement in a structured 

problem-solving situation accompanied by minimal overt teacher 

involvement and by lessened grade threat was superior to students 

taught in a program directed by the teacher wherein there was little 

student involvement, intermittent laboratory activity, and consider

able grade threat. The following criteria were used to determine 

if one method were superior to the others: 

1. Subject matter acquisition based upon performance 
on standardized and teacher-made tests 

2. Critical thinking as determined by performance on 
the Watson Glaser Critical Thinking Appraisal 

3. Problem-solving ability as measured by the 
Sequential Test of Educational Progress 

4. Attitude as measured by the Purdue Master 
Attitude Scale 

5. Study skills as measured by the Stanford Achieve
ment Test-Study Skills. 

24 
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Hypothesis 

Based upon the literature cited and the rationale of the 

problem it is hypothesized that students in the experimental pro

gram will evidence superior performance on standardized tests in 

the area of: 

1. Critical thinking 

2. Problem-solving ability 

3. Attitude 

4. Study skills. 

It is further hypothesized that students in the traditional 

program will attain greater subject-matter competence, as 

measured by teacher-made and standardized tests, than will the 

experimental group. 

Since the conclusions of this study are to be based on 

statistical procedures which reject or fail to reject the null hypo

thesis, the above statement of hypotheses is placed in the null 

form as follows: 

There will be no statistical difference between the perform

ance of the experimental and traditional group at the . 01 level of 

significance on a one tail test of significance in the areas of: 

1. Subject matter 

2. Critical thinking 
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3. Problem-solving 

4. Attitude 

5. Study skills. 

Significance of the Study 

The introduction and review of related literature attempted 

to provide a general background and rationale for the study, and to 

indicate that a study embodying the techniques and rationale of this 

study has not been subject to experimental testing. It would seem 

that if students in the experimental science classroom perform 

better in the areas to be tested than students in a traditional situa

tion it would indicate that with a minimum of involvement and 

training the classroom teacher can produce desirable outcomes as 

measured by student competency in the areas of: 

1. Subject matter 

2. Critical thinking 

3. Problem-solving 

4. Attitude 

5. Study skills. 

It would also indicate that the experimental programs being 

developed and tested by the various universities and the American 

Association for the Advancement of Science under the auspices of 

the federal government are not necessary for the development of 
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scientific attitudes and processes of scientific inquiry. In addition, 

it would indicate that these areas can be developed at any point in 

the instructional program if the child has reached a satisfactory 

level of maturity and that long sequential approaches are uneconomi

cal in terms of time and effort. 

Definition of Terms 

It is the purpose of this section to define those terms which 

were used in the present study and which, because of their frame 

of reference, may have meaning somewhat different from their 

usual definitions. 

Experimental Program: This program is the experimental 

variable. It was characterized by minimal teacher direction, grade 

threat, maximal laboratory situation and student involvement. 

Traditional Program; This program was characterized by 

teacher directed class activity, unlimited help to the student, grade 

threat, intermittent laboratory situation and little student involve

ment. 

Teacher-Made Test: A test constructed by the teacher to 

test for attitudes, concepts, or subject matter acquisition which 

may have resulted from exposure to either the experimental or 

traditional program. 
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Laboratory Situation: This term applies to both groups and 

its essence is that of student activity. The children were considered 

to be involved in a laboratory situation when they were construct

ing equipment, performing experiments, working in groups on 

problems or involved in any activity which required more than pass

ive receptivity to the spoken or written word. In the experimental 

program this accounted for an estimated 90 per cent of the time. 

In the traditional program this form of activity accounted for 

approximately one day a week or roughly 20 per cent of the time. 

Grade Threat: As implied, the student is threatened by the 

possibility of poor grades. It is assumed that the majority of 

students are motivated by the need to obtain acceptable grades. In 

most educational programs grades are based upon performance on 

tests. If the student is to enter wholeheartedly into an unusual 

activity it is felt that he must be released from the need to per

form according to criteria which are fact oriented. 

In the experimental program the students were made to 

understand that grades were not dependent upon test results. 

Grades were dependent upon effort in the form of constructive 

work habits. The student's grades were subject to arbitration and 

prior to the final grade for a six week's period the student sub

mitted a grade which he felt he had earned. Generally, this grade 

was given if at all possible. 
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In the traditional program students were assigned home

work which was graded, quizzes and tests were graded. Grades 

were used as a motivational device. There was grade threat 

present in the traditional group. 

Minimal Teacher Involvement: This term applied to the 

experimental program. It means that the teacher removed himself 

as the agent by which all knowledge was dispensed. In the class

room the teacher served to maintain an on-going situation. He pro

vided the equipment and environment in which to work. He parried 

direct questions of the student with questions which required the 

student to analyze his activity, to determine if his results were 

consistent and if they tended to agree with those obtained by other 

groups of students. The teacher provided the structured problem-

solving situation. 

Structured Problem-Solving Situation : This consisted of a 

series of papers containing general instructions for doing an 

experiment in which, interspaced among the instructions, were 

questions the student was expected to answer by virtue of having 

done the experiment. From time to time there were instructional 

points included in the textual material. The student was asked to 

make a statement of conclusions from the observations made 

during several experiments. Each experiment was designed to 
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promote concepts or facts which were usually taught in the unit 

under study. The experimental group received no lectures through

out the program. Students were not permitted the usual textbooks 

and were urged to refrain from using any reference material ex

cept in minor situations. 

Pre-Test: A commercial or teacher-made test which was 

administered prior to the initiation of the study or a particular unit 

of work. 

Post-Test: A commercial or teacher-made test which was 

administered at the conclusion of the study or a particular unit of 

work. 

Retention Test: The same test as that used in the pre-test 

and post-test situation but which was administered three weeks 

after the conclusion of a unit of study. 

Assumptions 

As a result of the structural design of this study certain 

assumptions were considered to be valid. They were: 

1. The instructor was competent to carry out the required 

roles in teaching the traditional and the experimental 

classes. 

2. The students of the traditional and experimental groups 

were equally motivated. 
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3. There was no Hawthorne effect in the experimental 

group. 

4. The tests chosen for the assessment of outcomes were 

valid. 

Limitations 

This study was limited to one academic year in a junior high 

school of Tucson District Number One. It was further restricted to 

the eighth grade of Townsend Junior High School during the academic 

year of 1964-65. A total of 120 students were involved in the total 

experimental and traditional classes. Due to attrition the final 

number of students was 112. There were 56 in each group. The 

results of this study are further limited to the findings as they per

tained to this particular student population inasmuch as the subjects 

constituted a non-probability sample. 



CHAPTER IV 

METHODS AND PROCEDURES 

Selection of Participants 

The names of the students who were assigned to the 

investigator's classes for the 1964-65 school year were obtained 

during the final months of the 1963-64 school year. Also obtained 

were the names of the students assigned to an associate teacher of 

general science in the same school. Records were checked and the 

ages, scholastic aptitude, reading ability and sex of the students 

were recorded on three inch by five inch cards. The classes were 

inspected to determine which of them were most nearly alike in 

terms of acaidemic achievement, age and sex. The administrator 

of the school permitted, the moving of students from one teacher's 

class to that of another science teacher provided the move was 

made during the same period of the day. Rescheduling of students 

from one period to another was. not permitted. It was necessary to 

move a toted of twelve students. The exchange of students took 

place on the second day of the 1964-65 school year to avoid the 

establishment of teacher-pupil affinities and loyalties. 

32 
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The total teaching load consisted of three classes in the 

forenoon and three in the afternoon. Two of the forenoon classes 

were chosen to participate because of their similarity to two of the 

afternoon classes. One class in the forenoon was designated as 

experimental and the other class was designated as traditional. 

The same procedure was followed in the afternoon. The remaining 

two classes were taught in the traditional manner but were not a 

part of the study. 

The traditional and experimental classes were matched for 

mean and standard deviation on the academic functions of reading 

ability and scholastic ability. Age and sex were incidental. The 

means and standard deviations of the groups, performance in 

reading, scholastic ability and age were found to be of no signifi

cant statistical difference. 

Student Introduction to the Study 

It was not necessary to advise the traditional group of their 

participation in the study as they were instructed in the same man

ner as the two non-participating classes. The students in the 

experimental group were told they were going to be asked to work 

in a manner which they had probably never experienced before and 

that their grades would not be based on test results but rather on 
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their activity in the classroom. They were advised that they would 

be working on their own a great deal and that they would be given 

the opportunity to form work groups and that these groups could be 

changed at their discretion. They were told that they would be ex

pected to use their scientific ability and common sense in working 

out a number of problems. The minimization of grades was 

stressed at every opportunity. 

The Teacher 

The same teacher taught both the traditional and experi

mental group in this study. It was felt that the utilization of the 

same teacher for both groups would eliminate the variables of sub

ject matter competency, personality, and tendency to deviate from 

the philosophy of each teaching approach. -

The teacher had been teaching six years prior to the 

study's initiation, held a pre-secondary certificate, had a master's 

degree in educational administration and a bachelor's degree in 

bacteriology, and had taught six classes of general science each day 

during the six years previous to the study. 

Test Materials 

In order to submit the stated hypotheses to statistical evalu

ation it was necessary to obtain a quantitative assessment of the 



students' abilities in the areas of critical thinking, subject matter 

competency, problem solving, study skills, and attitude toward 

science. So that gains attributable to the specific method of in

struction could be determined, it was necessary to test the students 

prior to the initiation of the study and again at the conclusion of the 

study. The same sequence of testing was employed with teacher-

made subject matter tests. In three of the subject matter areas 

the students were tested a third time to measure retention. 

Attitude Toward Science 

The students' attitude toward science was measured by one 

of the Purdue Master Attitude Scales: The Attitude Toward Any 

School Subject Scale, Form A. This scale is constructed in such 

a way that the particular subject is not mentioned. The frame of 

reference is dependent upon the class in which the scale is adminis

tered. The scale consists of a series of statements about a subject. 

Each statement is weighted with the first item having the greatest 

weight and the last item the least weight. The mean of the re

sponse indicates the student's attitude toward the subject. 

Critical Thinking 

Critical thinking was assessed by the Watson Glaser 

Critical Thinking Appraisal, Form AM. In consulting the literature 
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relating to critical thinking appraisals, it was obvious that, like 

science, investigators are not in agreement as how best to meas

ure this area. Of this test Carl I. Hovland ( 1959, p. 701 ) states: 

"This is a very promising test for use on an experimental basis 

for selection purposes and for research on the effects of instruc

tional procedures on critical thinking. 11 And "... compared with 

other less well developed tests which are springing up on all sides 

with items selected as measures of critical thinking largely on a 

priori consideration the Watson Glaser test is a quite effective 

instrument. " 

This test was standardized on students from the ninth grade 

to college seniors. For the purposes of this study the change from 

pre- to post-test scores in raw measures was the only consider

ation as no effort was being made to compare with other groups or 

national norms. 

Study Skills 

The determination of improvement in study skills was 

assessed by means of the Stanford Achievement Test-Study Skills, 

form JM. In reviewing this test Ruth M. Strang ( 1959, p. 699 ) 

states: "In summary, the test is useful for ascertaining a group's 

ability to interpret certain kinds of maps and graphs, and to locate 
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information and recognize certain words. " Ebel ( 1959, p. 699 ) 

states: "Almost all of the items in this test are of the application 

type in which the student must demonstrate his ability to make 

practical interpretations of uses of the data presented in charts, 

tables, maps, dictionaries, indexes, and other sources of infor

mation. 11 And "In comparison with other similar tests they have a 

number of excellent qualities and few deficiencies. " 

Science Achievement 

The Stanford Achievement Test-Intermediate and Ad

vanced Science Test, Form JM, is perhaps the weakest of the tests 

chosen for assessment of outcomes. Most of the reviewers of the 

test felt it to be somewhat outdated and to contain items of little 

discriminatory power. Epstein ( 1953, p. 593) states: 

The major criticism of this test must be 
directed at its content. Not a single item deals 
with aviation or sound. A few items deal with 
machines, electricity, or weather. The major 
emphasis is on nature study, health, and safety, 
The emphasis on the various areas of science 
is clearly disproportionate in view of modern 
school practices. 

A second quotation, however, supports the choosing of this test. 

"Finally, the great majority of items involve factual information 

and vocabulary few seem to involve judgment, reasoning or prob

lem solving" (Epstein 1953, p. 593 ). 
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Of this test Paul Kambly ( 1953, p. 594) states: "The items are 

all highly factual and do not test for understanding or for problem 

solving ability. However, if a test of factual knowledge of ele

mentary science is desired, these tests are good. " It was pre

cisely for the testing of factual knowledge that this test was 

chosen. 

Problem Solving 

The Sequential Test of Educational Progress-Science was 

chosen to assess the students' problem solving abilities. While 

this test is considered to have a few inaccuracies, it is generally 

well accepted. Travers ( 1959, p- 717) in his review states: 

The STEP ( Sequential Test of Educational 
Progress) science tests are outstanding in the 
care and thought with which they have been planned. 
They are designed to measure ability, to identify 
and define scientific problems, suggest or screen 
hypotheses, select valid procedures, interpret 
data and draw conclusions, evaluate critically 
claims or statements made and reason quanti
tatively and symbolically. " 

Teacher-Made Tests 

At the end of each unit of study the students in the traditional 

and experimental program were required to take an examination. 
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These tests were administered on a pre- and post-test basis as 

were the standardized tests mentioned above. In addition, three of 

the units of study were tested a third time using the same test. 

This third testing was to measure retention and grew out of the 

observation that the students in the experimental group appeared to 

be vocalizing concepts relating to their units of study more fre

quently than students in the traditional group. This third testing 

was initiated better than half way through the school year and did 

not constitute a part of the original problem but it did appear to be 

a worthwhile lead. 

Students in the traditional program received a grade which 

was contributory to their final mark at the end of each six weeks 

grading period. The experimental group's tests were corrected 

and the students were informed of their score but no emphasis was 

placed on these grades as a determiner of their six weeks final 

grades. Reliability and validity were computed for these tests. 

In addition to subject matter tests the investigator employed 

two teacher-made problem-solving spot checks which were intended 

to discriminate between the problem solving abilities of the two 
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groups by virtue of their different approaches to science. 

At the conclusion of the school year the students in both the 

traditional and experimental classes completed an open-end state

ment sheet which was intended to reveal attitudes toward the 

method by which their particular class was taught. 

The Units of Study 

Seven units of study were attempted. The initial unit was 

not made a part of this study because it was in the developmental 

and trial stages of the study and did not meet with the philosophy of 

structured problem solving and minimal teacher activity. The 

final unit on geology served as a check on the experimental 

group's capability for returning to a traditional program and 

served to once again indicate the close-matched abilities of the two 

groups. 

The units of study which particularly lent themselves to 

this type of study program were: living things, simple machines, 

airplanes ( aviation), chemistry, electricity and magnetism. It was 

these units which formed the basis for the statistical results of 

this study. 
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Statistical Treatment 

To determine if the groups were equated it was necessary 

to compute the significance of the difference of the means for their 

scores on reading and scholastic ability. The significance of the 

difference between age was also determined, but this factor was 

not considered in any additional statistical computations. 

In arriving at the standard error of the difference between 

means, the formula for uncorrelated means was used. According 

to Garrett ( 1958, p. 214) this formula is: 

7 2 2 JL_1_ + _°_2_ 
Ni N2 

In order to determine the significance of the differences 

between the means of the two groups on the various tests adminis

tered the t test was applied. For this study the . 01 level of 

significance was considered acceptable. When lower levels of 

significance were reached, they were noted but not accepted. In 

addition, means which were not significantly different but which 

favored one group over the other were also noted. 

Garrett ( 1958) feels that a type II error is more desirable 

than a type I error. That is, it is better to accept the null hypothe

sis and avoid the risk of lending credence to an experimental 
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method than to choose a lower level of significance and promote a 

method which is not truly representative of the merits of one 

method over those of another. 

Since only the amount of improvement from pre-test to 

post-test relative to each group was the goal of this study, a one 

tail test of significance was utilized in making comparisons. In 

making the t test the standard error of the difference between the 

means was computed from the formula for groups matched for 

means and standard deviations (Garrett.. 1958, p. 230). 

SE = D = / (»• M t'M M1 -
- M2 V X1 x2 

The "r" in the above formula is a multiple coefficient of correla

tion. "When groups are matched for several variables . . . and 

compared with respect to some correlated variable, the correla

tion coefficient in formula . . . becomes a multiple coefficient of 

correlation" (Garrett 1958, p. 232). 

The formula used for the multiple coefficient of correla

tion is: 

R1(23 ) 
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where cr _ is obtained by the formula 
1 • u O 

*1.23 = °"l \/ 1 - rj2 Z1 - rj3,2 (Qarre t t  1 '?58. P- 408) 

and ~ is obtained by the formula 
1 J • u 

r  13 _ r12 r23 r ^ = (Garrett 1938, p. 407 ) 

these sets of formulae were used in determining the standard 

error of difference between means for the teacher-made and stan

dardized tests. 

In attempting to determine whether to accept or reject a null 

hypothesis on the teacher-made tests of problem solving and attitude 

toward the methods by which the two classes were taught the Chi 

Square test was utilized. The formula according to Garrett ( 1958, 

p. 253 ) is 

(f - f )2 » o e '  2 
X = s 

f 
e 

Since it was necessary to employ subjective judgments in 

evaluating the Assessment of Methods Test it was also necessaryto 

minimize bias which might be a function of personal involvement in 

the study, the students' responses to the Assessment of Methods 

Test were submitted to three graduate students at the University of 

Arizona, and their decisions relative to the student's acceptance or 
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rejection of the method employed were used as a basis for 

statistical computations. 

The problem-solving tests were considered to be either 

right or wrong on the basis of predetermined criteria and were not 

subjected to assessment by the previously mentioned graduate 

students. 

It was necessary to establish the reliability and validity of 

the teacher-made tests. The reliability was checked by the method 

of Rational Equivalence as found in Garrett ( 1958, p. 341 ). The 

formula for this is: 

ncr2
t  - M(n - M) 

rH = ~ 
cr t  (n - 1 ) 

Garrett states, "Rational equivalence formulas tend to under

estimate somewhat the reliability coefficient as found by other 

methods. These formulae provide a minimum estimate of reliabil

ity--we may feel sure that the test is at least as reliable as we have 

found it to be" (Garret 1958, p. 342). In attempting to determine 

when a reliability is high enough for experimental purposes Garrett 

states, "In order to differentiate between the means of two school 

grades of relatively narrow range, a reliability coefficient need be 

no higher than .50 or .60" (Garrett 1958, p. 351). 
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The validity of the tests was determined by the index of 

reliability. The formula according to Garret is r^fto = J r 

( 1958, p. 349). Garret states: 

The index of reliability is sometimes taken as a 
measure of validity. The correlation coefficient, 
it will be recalled, gives the relationship between 
obtained scores and their theoretical true counter
parts. If the reliability coefficient of a test is .81, 
for example, rjcao is >/. 81 or .90. This means 
that the test measures true ability to the extent 
expressed by an r of . 90 (Garrett 1958, p. 356). 

The Group Statistics 

The experimental and control groups were equated on the 

basis of means and standard deviations in reading and scholastic 

ability. Since the eighth grade junior high school student is 

generally in the age range of from 12 to 14 years, the students' 

ages were averaged to determine if, by chance, there were a 

significant difference in ages between the two groups. The mean 

age of the traditional group was 13. 13 years with a standard 

deviation of 7.48. The mean age of the experimental group was 

13. 29 years with a standard deviation of 6. 10. These differences 

in mean and standard deviation were not significant at the . 05 

level. 

The traditional group had the same number of boys and 

girls as did the experimental group. 
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The reading abilities of the groups, expressed in stanines, 

were obtained from the Stanford Achievement Test-Reading, form 

JM, administered at the end of the seventh grade. The experimen

tal group had a mean reading ability of 6. 98 and a standard devia

tion of 1. 46. The traditional group had a mean of 7. 05 with a stan

dard deviation of 1.42. These differences in means and standard 

deviations were not significant at the . 05 level. 

The scholastic abilities of the groups, expressed in 

stanines, were obtained from the Otis Test of Mental Maturity 

administered at the end of the seventh grade. The experimental 

group had a mean of 6. 87 and standard deviation of 1.24. The tra

ditional group had a mean of 6. 84 with a standard deviation of 1.42. 

These differences were not significant at the .05 level. The data 

relating to reading ability, scholastic ability, and age is summar

ized in Table I. 

TABLE I 

MEAN AND STANDARD DEVIATION ON THE READING 
AND SCHOLASTIC ABILITY TEST FOR THE TRADITIONAL 

AND EXPERIMENTAL GROUPS 

Reading Scholastic Ability Age 
Mean SD Mean SD Mean SD 

Experimental 6.98 1.46 6.87 1.24 13.29 6.10 

Traditional 7.05 1.42 6.84 1.42 13.13 7.48 
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On the basis of means and standard deviations for reading 

ability and scholastic ability these groups are considered to be 

matched. As a concommitant of their academic grade, they are 

not significantly different in terms of age. The sex differences 

between the groups had been eliminated with equal numbers of 

boys and girls in each group. 



CHAPTER V 

RESULTS OF THE STUDY 

It is the purpose of this section to express the results of the 

study as revealed by the standardized and teacher-made tests. 

Sequential Test of Educational Progress 

Identical forms of the Sequential Test of Educational Pro

gress (STEP) were administered at the beginning and the end of the 

school year. The multiple R obtained in correlating STEP with 

scholastic ability and reading ability revealed a correlation of . 58 

for STEP and reading and . 62 for STEP and scholastic ability. 

The experimental group had a mean of 7. 11 on the post-test 

with a standard deviation of 1.47. The traditional group had a post-

test mean of 6. 80 and a standard deviation of 1. 83. The difference 

between the means of the experimental and traditional group is .31. 

This is not significant at the . 05 level on a one tail test of signifi

cance. 

Since there was no significant difference between post-test 

scores of the groups, it was thought desirable to determine if the 

individual groups made a significant improvement from their scores 

at the beginning of the year. 

48 
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The experimental group obtained a mean of 6.25 and a 

standard deviation of 1.45 on the pre-test. This same group 

obtained a mean of 7. 11 and standard deviation of 1.47 on the post-

test. This gain is significant at the .01 level on a one tail test. 

The traditional group obtained a mean of 6. 25 and a stan

dard deviation of 1. 64 on the pre-test. The traditional group ob

tained a mean of 6. 80 and a standard deviation of 1.83 on the 

post-test. This gain is significant at the .01 level on a one tail 

test of significance. This data is summarized in Table II. 

TABLE II 

MEAN AND STANDARD DEVIATION FOR THE 
EXPERIMENTAL AND TRADITIONAL GROUP 

ON THE SEQUENTIAL TEST OF EDUCATIONAL PROGRESS 

Pre-Test Post- Test Significance of Dif
Mean SD Mean SD ference between M 

Experimental 6.25 1.45 7. 11 1.47 .01 

Traditional 6.25 1.64 6. 80 1. 83 •01. 

In conclusion, both groups made significant improvement in 

problem solving ability from pre- to post-tests. Their final mean 

scores were not significantly different indicating no superiority of 

one method over the other. The experimental group's mean final 

score was higher than the traditional group's. 
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On the basis of the obtained data the null hypothesis was 

accepted; there was no difference between the two group's problem 

solving ability by virtue of their participation in their respective 

programs. 

Stanford Science Test 

As with the other tests used in this study, the Stanford 

Science Test was administered at the beginning of the year and 

again at the end of the school year. Form JM was administered 

both times. The pre- and post-test means, expressed in stanines, 

of each group were compared to determine if the groups had made 

significant improvement during the year. The mean and standard 

deviation of the experimental group on the pre-test was 6. 32 and 

1. 54. The mean and standard deviation on the post-test was 6. 70 

and 1. 52. This difference between means of . 38 was significant 

at the . 05 level on the one tail test, but it was not acceptable for 

this study by previous commitment to the . 01 level. 

The traditional group obtained a mean of 6. 29 and stan

dard deviation of 1. 87 on the pre-test and a mean of 6. 84 and 

standard deviation of 1. 85 on the post-test. The difference be

tween means was . 55 which was significant at the . 05 level but not 

acceptable for this study. 
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The post-test means of the groups differ by . 14. This was 

not significant at the . 05 level. 

Performance on the Stanford Science Test correlated . 54 

with scholastic ability and . 58 with reading. This data is summar

ized in Table III. 

TABLE III 

MEAN AND STANDARD DEVIATION ON THE STANFORD 
SCIENCE TEST FOR THE EXPERIMENTAL AND 

TRADITIONAL GROUPS 

Pre-Test Post- Test . 
Mean SD Mean SD 

Exp erimental 6. 32 1. 54 6. 70 1. 52 

Traditional 6. 29 1.87 6. 84 1.85 

On the basis of the obtained levels of significance on the 

post-test means the null hypothesis was accepted. That is, there 

was no difference in achievement between the traditional and experi

mental group on the Stanford Science Test. 

It must further be concluded that neither group made a 

significant improvement from the beginning to the end of the year 

as measured by this standardized test. 
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Stanford Study Skills 

The same form, form JM, of the Stanford Study Skills Test 

was administered to both groups on a pre- and post-test basis. 

Both groups showed significant improvement from the pre-test to 

the post-test. The difference between the means on the post-test 

reached the . 05 level in favor of the experimental group. 

The experimental group had a pre-test mean of 38. 34 and a 

post-test mean of 39- 91 with standard deviations of 6.45 and 5. 51, 

respectively. 

The traditional group had a pre-test mean of 35. 93 and 

post-test mean of 38. 12. Pre-test and post-test standard devi

ations were 6.90 and 7.27, respectively. 

It is interesting to note that this is one of the few tests in 

which there was a considerable difference between the experi

mental and the traditional group on the pre-test. There was no 

known reason for this disparity. 

Since the difference between means on the post-test 

reached the .05 level, but not the .01 level, the null hypothesis was 

accepted. That is, there was no statistical difference between the 

two groups' performance on the Stanford Study Skills Test. 

It should be noted that the post-test means favor the experi

mental group but that the traditional group made a greater overall 
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growth from pre-test to post-test. The data for this test is 

summarized in Table IV. 

TABLE IV 

MEAN AND STANDARD DEVIATIONS ON STANFORD 
STUDY SKILLS TEST FOR THE EXPERIMENTAL 

AND TRADITIONAL GROUP 

P re-Test Post-Test 
Mean SD Mean SD 

Experimental 38. 34 6.45 39. 91 5. 51 

Traditional 35. 93 6. 90 38. 12 7, 27 

Watson Glaser Critical Thinking Appraisal 

Since the Watson Glaser test of critical thinking has no 

percentile norms for students below the ninth grade, raw scores 

were used for statistical purposes. 

On the pre-test the experimental group had a mean of 57. 12 

and a standard deviation of 9- 24. On the post-test they had a 

mean of 60. 83 and standard deviation of 7. 90. The improvement 

from pre- to post-test was significant beyond the . 01 level on a one 

tail test. The difference in standard deviations from pre- to post-

test was not significant. It does indicate less variability of scores 

and a trend toward the means. 

The traditional group obtained a mean of 56. 04 on the pre

test with a standard deviation of 7.61. On the post-test a mean of 
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58. 20 was obtained with a standard deviation of 7. 42. The 

improvement from pre- to post-test is significant beyond the . 01 

level on a one tail test. 

The difference between means on post-tests for the groups 

was 2. 63. This difference was not significant at the . 01 level 

which had been chosen for this study. It was, however, significant 

at the . 05 level and does favor the experimental group. This data 

is summarized in Table V. 

TABLE V 

MEAN AND STANDARD DEVIATION ON WATSON 
GLASER CRITICAL THINKING APPRAISAL FOR 

THE EXPERIMENTAL AND TRADITIONAL GROUP 

P r e - Test Post-Test 
Me an SD Mean SD 

Experimental 57. 12 9.24 60. 83 7. 90 

Traditional 56. 04 7. 61 58. 20 7.42 

It was interesting to note the agreement between the pre

test means on this test. As with the majority of the other tests in 

this study, the groups were closely matched on the pre-test. 

Based upon the obtained levels of significance it must be 

concluded that both groups improved in critical thinking ability and 

that the experimental group's post-test was considerably better 
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than the traditional group's but again, only at the . 05 level. 

The null hypothesis was accepted; there was no statistical 

difference between the groups on this test. 

Attitude Toward Any School Subject 

The Purdue Master Attitude Scale Toward Any School 

Subject was used to measure attitude toward science. The test 

was given at the beginning of the year and again at the end of the 

year. The same form was used on both tests. 

Both groups were above the indifference level on the pre

tests. The indifference level on this test is 6. 0. The traditional 

group's pre-course attitude scale mean was 7.77. Their post-

course attitude scale was 7.76. This represents virtually no 

change and was not significant. The experimental group's pre-

course mean was 7. 72 and their post-course mean was 7.81. 

This difference was significant at the . 05 level. The difference 

between the two groups' end course means was not significant. 

This data is summarized in Table VI. 
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TABLE VI 

MEANS ON ATTITUDE TOWARD ANY SCHOOL SUBJECT 
TEST FOR THE EXPERIMENTAL AND 

TRADITIONAL GROUP 

Pre-Test 
Mean 

Post- Test 
Mean 

Experimental 

Traditional 

7.72 7. 81 

7. 77 7. 76 

According to Torrence ( 1965, p. 103), girls frequently 

have socially imposed biases toward science. It was thought desir

able to determine if there were differences between boys and girls 

in the two groups. 

The boys in the traditional group had a pre-course mean of 

7.77 and post-course mean of 7. 76. The difference between these 

standard deviations was not significant. 

The boys in the experimental group had a pre-course mean 

of 7. 48 and post-course mean of 7. 61. The differences between 

these means were not significant. 

The pre-course and post-course standard deviations were 

1.48 and 1.42, respectively. These differences were also not 

significant. 

The girls in the traditional group had a pre-course mean of 

7.81 and a post-course mean of 7. 90. As with the boys, these 

differences proved to be of no significant difference. Their stan

dard deviations were significantly different. The pre-course 
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standard deviation was . 67 and post-course standard deviation was 

1. 10. The difference between these standard deviations was signi-

cant at the . 01 level on a one tail test. 

The girls in the experimental group had a pre-course mean 

of"7. 93 and post-course mean of 8.01. The differences between 

these means was not significant. The pre-course standard deviation 

was .78 and post-course standard deviation was 1.05. The differ

ences between these standard deviations was significant at the .01 

level on a one tail test. This data is summarized in Table VII. 

TABLE VII 

MEANS AND STANDARD DEVIATIONS BY SEX FOR THE 
EXPERIMENTAL AND TRADITIONAL GROUP ON 

ATTITUDE TOWARD ANY SCHOOL SUBJECT TEST 

Pre-Test Post-Test 
Mean SD Mean SD 

Experimental 
Boys 7. 48 1. 48 7. 61 1. 42 
Girls 7. 93 . 78 8. 01 1. 05 

Traditional 
Boys 7. 77 .97 7. 76 1. 06 
Gi rls 7. 81 . 67 7. 90 1, 10 

Since the girls' standard deviations became greater in both 

groups from the pre-course test to the post-course test, it would 

seem that their attitude toward science was more variable after 

having had a course in science, but this shifting in attitudes cannot 

be attributed to the method of instruction since it took place in both 

groups. 
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In conclusion, the students of both groups came to the 

classroom with above indifference levels toward science and left 

the course in both the experimental and traditional classes with no 

significant change in the means of their attitude toward science. 

The experimental group made an improvement in attitude 

at the . 05 level which does not reach an acceptable level of signifi

cance for this study. 

The null hypothesis was accepted. There was no significant 

difference between the groups' attitude toward science as a result 

of their method of instruction. 

Teacher-Made Tests 

Assessment of Method Questionnaire 

In addition to the Purdue Master Attitude Scale toward the 

subject, the students were provided with a series of open end 

questions in an attempt to assess student acceptance or rejection 

of the method used in their particular class. These questions 

were given to the students on the last day of the year and required 

no names on the respondent's paper. One question was used as a 

guide in assessing attitude toward the method used. The stem of 

this question was: "If I were teaching this course. 11 The re

sponses to this question were analyzed and tabulated under the 
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categories of favor, disfavor, and neutral. In order to minimize 

bias the students' papers were submitted to three graduate students 

at the University of Arizona and they evaluated the responses 

according to the following criteria: 

Favor: If the student indicates a desire to repeat 
the class experience or duplicate the 
teacher's method. 

Neutral: No answer given or if answer does not apply 
to the question's stem. 

Disfavor: Any modification which is offered. Such as, 
"Use more experiments." "Use old method." 

The Chi Square test of significance was used in evaluating 

the means of the graduate students' judgments. The hypothesis 

tested was that the students' responses would be equally divided be

tween the three categories. The graduate students' responses and 

that of the investigator are tabulated in Table VIII. 

TABLE VIII 

DISTRIBUTION OF RESPONSES MADE BY THE 
EXPERIMENTAL GROUP ON TEACHER-MADE 

ASSESSMENT OF METHOD QUESTIONNAIRE 

Evaluator Favor Neutral Disfavor 

Graduate A 24 21 11 

Graduate B 31 16 9 

Graduate C 26 11 19 

Investigator 24 19 13 

Mean 26. 25 16. 75 13. 00 
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The Chi Square test did not reveal a level of significance 

which would indicate that the experimental group was anything but 

equally disposed between favor, neutral, disfavor, especially when 

the .01 level of significance was strictly maintained. 

The Chi Square obtained for the experimental group was 

5.00. Based upon two degrees of freedom the results of the Assess

ment of Method Questionnaire were significant at the .05 level. 

Since the mean of those marking "favor" is greater than either of 

the two remaining categories, it may be taken as an endorsement 

of the method used in the experimental class but at a lower level of 

significance than that which may be accepted. The results of the 

Assessment of Method Questionnaire tend to support the conclusions 

drawn from the attitude Toward Any School Subject Test. That is, 

the experimental group was slightly in favor of the method used in 

their class. 

The traditional group performed in much the same manner 

as did the experimental group on the Assessment of Method 

Questionnaire. Their responses were judged by the same three 

graduate students and these responses were judged to be slightly 

greater in the "favor" category than either of the other two cate

gories. The results of the traditional group's performance are 

summarized in Table IX. 
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TABLE IX 

DISTRIBUTION OF RESPONSES MADE BY THE 
TRADITIONAL GROUP ON TEACHER-MADE 
ASSESSMENT OF METHOD QUESTIONNAIRE 

E valuator Favor Neutral Disfavor 

Graduate A 25 23 8 

Graduate B 29 14 13 

Graduate C 23 12 21 

Investigator 20 20 16 

Mean 24. 25 17. 50 14. 50 

The Chi Square test for the traditional group did not reveal 

a level of significance which would indicate that the group was any

thing but equally disposed between favor, neutral, disfavor. The 

Chi Square obtained for the traditional group was 2. 68. This was 

significant at the . 30 level. 

It is concluded from the interpretation of the responses on 

the Assessment of Method Questionnaire that both the experimented 

and traditional group showed a very slight tendency to favor the 

method used in their particular program but that the traditional 

group's level of acceptance was less than that of the experimental 

group. Neither group reached the previously stated level of signi

ficance chosen for this study. 
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In general, performance on the Assessment of Method 

Questionnaire had a tendency to confirm the results obtained on the 

Attitude Toward Any School Subject Test. The experimental group 

was ever so slightly more in favor of the method employed in their 

class than the traditional group. 

Retention 

During the early units of study, the students in the experi

mental group appeared to be vocalizing the results of their investi

gations to a greater extent than the traditional group. They also 

appeared to be more intellectually involved in the results of their 

activities. It was thought desirable to determine if either group 

remembered the material significantly better than the other group. 

Three weeks after the post-test a retention test was administered. 

It was necessary to subtract the retention test from the post-test 

in order to arrive at a figure which represented the amount 

remembered and was still free from the numerical bias estab

lished by one group learning more than the other because of its 

participation in a particular method. In both the traditional and 

experimental groups the figure obtained was a pure measure of for

getting. The figure obtained indicated which group forgot the most. 

It was felt that if the retention test had the pre-test subtracted 
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from it, a figure would have been obtained which would have 

involved the various amounts learned by virtue of the students' 

participation in a particular method. 

When subtracting the retention test from the post-test, a 

negative number was assigned to the difference if the retention 

score were lower than the post-test score. The negative number 

indicated the student had forgotten a quantity of material since 

the administration of the post-test. If the retention score were 

higher than the post-test score, a positive number was assigned to 

the difference. The resulting differences were summed alge

braically and the mean determined. The larger the mean, the 

greater the amount forgotten and consequently, the less remem

bered. These procedures were followed on the Simple Machines 

Test, Airplane Test, and Magnetism and Electricity Test. The 

means attained by the Traditional group for these tests were 1.52, 

2. 05, and 1. 68 while the experimental group obtained means of 

1.20, 3. 57, and .29. The experimental group forgot less of what 

it knew of the material in two of the three units. The results of 

the Retention Test are summarized in Table X. 

In two of the three units the experimental group showed 

as great or greater a quantity of positive scores which indicated 

a gain from post-test to retention test. Both groups were told 
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TABLE X 

PERFORMANCE ON RETENTION TEST BY THE 
TRADITIONAL AND THE EXPERIMENTAL GROUP 

EXPRESSED AS MEANS, POSITIVE AND 
NEGATIVE SCORES 

Traditional Experimental 
( - ) ( +) Mean Test ( - ) ( + ) Mean 

Simple Machines 

Airplane 

Magnetism and 
Electricity 

105 20 1.52 120 53 1.20 

142 27 2.05 210 10 3.57 

132 38 1.68 7 6  6 0  . 2 9  

the correct answers to the test questions immediately following the 

post-test. 

The mean obtained by the experimental group on the Simple 

Machines Test and the Electricity and Magnetism Test was signifi

cantly lower than the traditional group's mean. 

On the Airplane Test the traditional group obtained a mean 

which was significantly lower than the experimental group's mean. 

In general, the experimental group retained a greater 

amount of the material learned than the traditional group or they 

were more sensitive to the correct answer once it had been given. 

Lever Problem 

students were asked to complete a teacher-made pencil and paper 

Upon conclusion of the unit on Simple Machines the 
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problem involving a lever manipulation. It was expected that the 

experimental group would do significantly better than the traditional 

group because they had done extensive manipulations with a lever 

apparatus in the laboratory. 

The Chi Square test of significance was used to determine if 

there were a significant difference in the two groups' performances 

on the lever problem. The traditional group obtained 17 correct 

and 39 incorrect answers. The experimental group obtained 18 

correct and 38 incorrect answers. There was no significant differ

ence in the groups' performance on this teacher-made problem. 

Television Commercial Problem 

One week prior to the conclusion of the second semester the 

students of both groups were asked to read and evaluate a quotation 

from a television commercial. It was expected that the experi

mental group, which had worked with and analyzed problems, 

would have done significantly better than the traditional group in 

recognizing the fallacy in the announcer's basic premise. 

Although the results of this test favored the experimental 

group, the level of significance obtained using the Chi Square test 

was not such that it could be accepted. The level of significance 

reached on a one tail test was not significant at the . 05 level. 
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Teacher-Made Subject-Matter Test 

Six teacher-made subject-matter tests were given during 

the course of the study. They were administered before each unit 

began and again at the conclusion of the unit. Three of the tests 

were given a third time to test for retention of knowledge. 

The Living Things unit was the first unit of study and it 

occupied a three week period of time. The test of this unit had a 

reliability of . 70 and validity index of .  83. The traditional group 

obtained a mean of 26. 93 and a standard deviation of 3. 99 on the 

post-test. The experimental group obtained a mean of 23. 59 and 

a standard deviation of 5.47. The difference between means was 

in favor of the traditional group and was significant at the . 01 

level. 

The null hypothesis was rejected; there was a statistical 

difference between the two groups. 

The Simple Machines unit was studied for four weeks. The 

test for this unit had a reliability of .76 and a validity index of .87. 

The traditional group obtained a mean of 14. 64 on the post-test 

with a standard deviation of 3.71. The experimental group obtained 

a mean of 11.98 and a standard deviation of 4.24. The difference 

between means favored the traditional group and was significant 

at the . 01 level. 



67 

The null hypothesis was rejected; there was a significant 

difference in the performance of the two groups on this test. 

The Airplane unit was of three weeks duration. The test 

for this unit had a reliability of . 57 and a validity index of .76. 

The traditional group obtained a post-test mean of 20. 09 with a 

standard deviation of 3. 31. The experimental group obtained a 

post-test mean of 19. 54 with a standard deviation of 3. 22. The 

difference between means. slightly favored the traditional group. 

The difference was not significant at the . 01 level, but was signifi

cant at the . 05 level. 

The null hypothesis was accepted; there was no significant 

difference between the two groups' performance on the Airplane 

unit test. 

The Electricity and Magnetism unit occupied four weeks of 

time. The test for this unit had a reliability of . 55 and a validity 

index of .74. The traditional group obtained a post-test mean of 

23. 04 with a standard deviation of 3. 32. The experimental group 

obtained a post-test mean of 21. 37 and a standard deviation of 

3.70. The difference between these means was significant at the 

. 01 level. 

The null hypothesis was rejected; there was a significant 

difference between the performance of the two groups on this test. 
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The Chemistry unit occupied five weeks of time. The test 

for this unit had a reliability of .91 and a validity index of .95. 

The traditional group obtained a post-test mean of 30. 26 and a 

standard deviation of 10.56. The experimental group's post-test 

mean was 28. 35 with a standard deviation of 12. 50. The differ

ence between means, while favoring the traditional group, was not 

significant at the . 05 level. 

The null hypothesis was accepted; there was no statistical 

difference between the obtained means of the traditional and ex

perimental group on this test. 

The Geology unit was the last unit to be studied during the 

school year. This unit was taught in the traditional manner for 

two reasons. First, the unit did not lend itself particularly well to 

the experimental method. Second, it was thought desirable to 

determine if the experimental group had been handicapped in its 

ability to respond to the traditional method of instruction. It was 

considered possible that the experimental group would be unable to 

perform in a traditional environment since it had been freed from 

homework, reading assignments, grade threat, and restricted 

classroom activity. 

The Geology unit lasted four weeks. The test for this unit 

had a reliability of . 84 and a validity index of .92. The traditional 
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group obtained a post-test mean of 27. 86 with a standard deviation 

of 8. 11. The experimental group obtained a post-test mean of 

29. 07 with a standard deviation of 8. 15, The difference between 

these means favored the experimental group, but the difference be

tween the means did not reach a statistically significant level. The 

statistical data for the subject-matter teacher-made tests are 

shown in Table XI. 

TABLE XI 

RELIABILITY AND VALIDITY OF TEACHER-MADE 
SUBJECT-MATTER TESTS AND PERFORMANCE BY 
THE TRADITIONAL AND EXPERIMENTAL GROUP IN 

TERMS OF MEANS AND STANDARD DEVIATIONS 

Relia- Valid- Traditional Experimental 
Test bility ity Mean SD Mean SD 

Living Things 

o
 

r- • .  83 26. 93 3. 99 23. 59 5. 47 

Simple Machines . 76 . 87 14. 64 3. 71 11. 98 4.24 

Chemistry . 91 .95 30. 26 10. 56 28. 35 12. 50 

Airplane . 57 . 76 20. 09 3. 31 19. 54 3.22 

Electricity and 
Magnetism . 55 . 74 23. 04 3. 32 21. 37 3. 70 

Geology .84 .92 27. 86 8. 11 29. 07 8. 15 

Reviewing the results of the teacher-made tests it can be 

seen that the traditional group attained a higher mean score on 

every test except the Geology unit. On all tests except the 
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Chemistry unit, the difference between means reached the . 05 level 

on a one tail test of significance. In three of the five units subjected 

to the experimental procedure, the level of significance reached the 

. 01 level in favor of the traditional group. 



CHAPTER VI 

SUMMARY, CONCLUSIONS, AND SUGGESTIONS 

FOR FURTHER STUDY 

It is the purpose of this chapter to briefly summarize the 

problem, draw conclusions from the data, and offer suggestions 

for further study. 

Summary 

Rationale for the Study: The rationale for this study grew 

out of two underlying factors. The first of these factors was the 

large body of literature relating to science instruction and experi

mentation in the field of science education. It was evident from 

the literature that a study of this type had not been conducted and 

that there existed conflicting results as to the advantages of 

various approaches to the teaching of science. 

The second factor which contributed to the rationale of this 

study was the stated opinions and observations of various authori

ties in the fields of psychology, anthropology, and the pure and 

applied sciences. From the opinions of authorities in the afore

mentioned fields can be gleaned a number of factors which are 

purported to be desirable in the construction of science programs 
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or which are said to be found in successful science classrooms. 

Four main factors were identified. They are: 

1. Minimization of the teacher's active role 

2. Involvement of the child 

3. Structured learning situation involving problems 

4. Removed or minimization of grade threat. 

It was felt that if a science program were constructed which uti

lized the four preceding factors the students involved in the 

program would show a more favorable attitude toward science, 

evidence greater problem solving skills, have increased ability in 

critical thinking and attain greater subject matter mastery than 

children who had been involved in a traditional program of instruc

tion. 

Statement of Hypotheses: There were two main hypotheses 

tested. These were: The students in the experimental program 

will attain superior scores in the areas of: 

1. Critical thinking 

2. Problem solving ability 

3. Attitude toward science 

4. Study skills 

and: Students in the traditional program will attain greater sub-

ject-matter competence than students in the experimental group. 
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Both of the hypotheses were placed in the null form for statistical 

evaluation. 

The Groups Involved: The experimental and traditional 

groups had been matched for mean and standard deviation in the 

areas of reading and scholastic ability. The students' performance 

in reading was obtained through the permanent records maintained 

in the counselor's office. The test used for the assessment of 

reading was the Stanford Achievement Test-Reading which had been 

administered at the end of the seventh grade. The students' per

formance on the Otis Test of Mental Maturity was the source of in

formation for their scholastic ability. The Otis Test of Mental 

Maturity had also been administered at the end of the seventh grade. 

The experimental and traditional group had the same number of 

boys and girls. There were 56 students in each group. 

Methods and Materials Used: In order to assess each 

group's relative improvement the students were given standardized 

tests at the beginning of the school year and upon conclusion of the 

year's work. Before and after each unit of study the students were 

given teacher-made subject-matter tests. In addition to the stan

dardized and teacher-made subject-matter tests the students were 

given a questionnaire which attempted to determine acceptance or 

rejection of the method of instruction used with each group. The 

students of both groups were also given two teacher-made problem-

solving tests. 
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The five areas tested were critical thinking, attitude toward 

science, problem-solving ability, study skills, and subject-matter 

attainment. Critical thinking was measured by the Watson Glaser 

Critical Thinking Appraisal. Study skills were measured by the 

Stanford Achievement Test-Study Skills. Attitude toward science 

was measured by the Purdue Master Attitude Scales-Attitude To

ward Any School Subject. Problem solving ability was measured 

by the Sequential Test of Educational Progress. Subject-matter 

attainment was measured by the Stanford Science test and various 

teacher-made subject-matter tests. 

Three of the teacher-made subject-matter tests were ad

ministered a third time to determine if there were differences in 

the amount of material remembered by either the traditional or 

experimental group. 

Various statistical techniques were utilized to determine the 

significance of difference between the two groups' performance on 

the various tests. The Chi Square Test was used in assessing the 

students' acceptance or rejection of the method used in their class. 

This statistical procedure was also used on the two problem-

solving tests constructed by the teacher. The assessment of 

method questionnaire was submitted to three graduate students for 

evaluation of the students' responses before statistical treatment 

was undertaken. 
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Since the groups had been matched in terms of two variables 

reading and scholastic ability, the standard error of the difference 

between their mean performance on the various tests was obtained 

by the formula: 

where the correlation coefficient indicated in the formula is a 

multiple correlation coefficient. The resulting standard error of 

the difference between means was converted to a t ratio. 

In order to minimize teacher-induced variables the two 

groups were taught by the same teacher. 

Results Obtained: From the statistical results obtained on 

the various standardized assessments, the null hypothesis must be 

accepted. There is no statistical difference between the mean 

scores obtained by the traditional and experimental group on 

critical thinking, study skills, attitude toward science, problem-

solving ability, and subject-matter achievement. The null hypo

thesis was partially rejected on the teacher-made tests of subject-

matter achievement since the traditional group did significantly 

better than the experimental group on three of the five units which 

had been subjected to the experimental method. On the remaining 

two units of study the traditional group did better than the 
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experimental group but the difference between the means was not 

at an acceptable level of significance. 

The teacher-made questionnaire which attempted to assess 

the students' attitude toward the method used in their class re

vealed no significant statistical evidence that the experimental 

group's attitude was anything but equally disposed between favoring, 

rejecting, or remaining neutral toward the method by which they 

learned science. 

Administering the Aviation, Simple Machines, and Electric

ity and Magnetism tests a third time revealed that the experimental 

group forgot less than the traditional group in two of the three tests. 

The differences between the means on these two tests were signifi

cant at the . 01 level. 

The two teacher-made problem-solving tests revealed no 

statistical difference between the two groups' performance. 

The results of the study as reported above were based upon 

the previously stated .01 level of significance which would be 

accepted. Had a lower level of significance been chosen, for 

example, .05, the results would have been more in agreement with 

the original hypotheses before they were placed in the null form. 

These original hypotheses were that the experimental group would 

attain superior means in critical thinking, study skills, attitude 

toward science, and problem-solving ability. It was hypothesized 
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that the traditional group would do significantly better on the 

standardized and teacher-made subject-matter tests. 

Using the lower level of significance would not have altered 

the results of the problem-solving test or the Stanford Science Test. 

The Stanford Study Skills Test, the Watson Glaser Critical Think

ing Appraisal, and the Attitude Toward Any School Subject test 

would have been significantly in favor of the experimental group. 

The students' acceptance of the method employed in the 

experimental class, as measured by the teacher-made question

naire, would have reached a level of significance indicating that 

the experimental group was not equally disposed between the three 

categories of favor, neutral, disfavor. Since the mean scores for 

favoring the method were much greater than the other two cate

gories it may be considered as an endorsement of the method used 

in the experimental classroom. 

The significance of the difference between the means on the 

two teacher-made problem tests would not have changed. There 

would still have been no statistical difference between the experi

mental and traditional group's performance on this test. 

The results of the teacher-made subject-matter tests would 

have been significantly in favor of the traditional group in four of the 

five units of study. Changing the level of significance would have 
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placed the results of the teacher-made tests in direct agreement 

with the original hypothesis. It was mentioned earlier in discuss

ing the standardized tests that the difference between the means on 

the standardized subject-matter tests would not have been affected 

by selecting a lower level of significance. 

The selection of the . 05 level of significance would not have 

altered the results of the retention tests. The differences between 

the means on all three tests were significant at the . 01 level. 

Conclusions 

Early in Chapter I it was indicated that it was considered 

desirable to accept the null hypothesis by selecting a level of signi

ficance which was most demanding rather than lend support to 

results which may not have been truly representative of the 

superiority of one method of instruction over that of another method. 

The experimental method in this study has shown no results which 

may be considered to be statistically superior to the results ob

tained in the traditional method of instruction. 

Since the traditional group did significantly better than the 

experimental group on only three of the five units of study it would 

indicate that great amounts of teacher involvement, coupled with 

directed exercises, structured laboratory periods, and free access 



79  

to books does not lead to significantly better performance in 

certain areas of science than is attained by students who are free 

to work independently if given structured, progressive problem-

solving activities. The word "progressive" as used here implies 

sequential rather than an innovation. It also indicates that even 

though a teacher may have an inadequate science background it is 

possible to obtain desirable educational results through the use of 

structured problem-solving exercises. 

The results of administering the subject-matter tests a 

third time to test for retention of subject-matter seem to indicate 

that once the student has arrived at certain conclusions to the 

problems encountered in the laboratory he is much more disposed 

toward internalizing the problem's solution once it has been made 

available to him. 

Suggestions for Further Study 

Immediately apparent as a point of departure for additional 

study is the foregoing section relating to the results obtained on the 

retention test. Additional studies are needed which attempt to 

quantify the results of first "starving" the student and then provid

ing the correct solution to his intellectual "hunger. " 

It is felt that the structured problem-solving situations 

presented in the appendix and used in the classroom should 
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represent a point of departure for refinement and expansion of 

laboratory activities. Additional units should be developed to be 

used in the experimental method. Such units might include the 

development of concepts related to weather, sound, pressure, and 

the states of matter. 

The,performance of the slow learner as well as results 

related to sex differences should be submitted to statistical evalu

ation. It is expected that the slow learner will experience con

siderable difficulty in the experimental method because it is 

believed this method requires a greater amount of reading ability 

and interpretive skill than is normally possessed by children who 

are classified as slow learners. 

Tests which attempt to measure frustrations and social 

interaction should be administered to sttidents in the experimental 

situation. It is probable that frustration levels will be much 

higher in an experimental class than they will be in a traditional 

setting. Social interaction should be greater in the experimental 

situation since children are free to communicate with one another. 

It is anticipated that the language disadvantaged or cultur

ally deprived will develop attitudes which are favorable to science 

and to education if they are permitted to work in an atmosphere 

similar to that of the experimental classroom but which minimizes 
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the reading aspects and maximizes the verbal and cooperative 

aspects of the learning situation. 
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APPENDIX A 

UNIT I 

ANIMALS 

You may write directly on this piece of paper. It is yours 

for making notes and comments. You may use the back for draw

ings. You may confer with your friends or neighbors. If you work 

in a group you must still complete the questions. Sometimes the 

questions are merely an introduction to a question that has to be 

answered. Your grade will depend upon how well you work in 

class. It will not depend upon the number of questions you get 

right or wrong on these sheets or on the test. 

On the front desk are five animals in jars. They are pre

served in a solution which is poisonous. If you should get some on 

your hands wash it off. Do not bite your fingernails. The animals 

in the jars are all alike in one internal structure. That is, they 

all have it. On the rear shelf are five other animals that are alike 

in lacking the structure the animals in the front of the room have. 

What do you believe the animals in the front of the room have but 

the animals in the back of the room do not have? 

If you had to divide all animals into two main groups 
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according to some structure what groups could you use? 

and no . 

So, the animals in the front of the room are all different 

but they have that one thing in common. The ones in the back do 

not have it. 

A snake is a reptile. Examine the snake carefully as well 

as the picture beside the terrarium. You may handle the snake -

GENTLY. From your observations tell what kind of outer covering 

the snake has. He has . Is he 

slimy? What do you think the snake breathes? 

What is the organ he uses for respiration (breathing)? (See dis

sected snake in front of the room.) From the 

picture beside the snake tell how snakes are born. 

The next question will be a little more difficult. A group of 

students will place the snake in the refrigerator for several hours. 

I will then take his temperature. His temperature will then be 

taken later in the day and tomorrow for another group. The temper

ature of the room and of the animal will be recorded. What do you 

notice about his temperature in relation to the outside temperature? 

This relationship is called cold 

blooded. 
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Examine the bird. He is in a group called Aves. List as 

many characteristics of the bird as you can. In doing this you 

should list general characteristics so that anyone who had never 

seen a bird before would be able to identify one. Do you think 

birds are warm or cold blooded? Examine the book 

by Audubon. Do you find the same characteristics you have listed 

in the pictures in the book? 

There is a dissected pigeon provided by one of our students. 

Trace the passage of food from the mouth to the gizzard. What do 

you find in both the crop and gizzard? They are cut open for you 

and have pins in them. The crop is number one and the gizzard is 

number two. Is the food very much digested in the gizzard? What 

function do you think the gravel in here serves? Are the walls of 

the gizzard very firm and muscular? Do the birds 

have any teeth? 

Examine the fish. List his characteristics. How does he 

breathe? Can you find any 

lungs in the dissected fish? How do most fish reproduce? 

Look up the word "caviar"; this will 

give you a clue. 

Examine the rat. Think back over the various animals you 

have read about or see most commonly. What kind of a body cover 
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do most animals like the rat have? How many-

appendages ( arms, legs ) do they have? This does not include 

birds. 

How are the young of dogs, cats, mice, rats, rabbits, etc. , 

born? That is, are they born alive or do they hatch from an egg 

after incubation? How do the animals 

mentioned above receive food when very young? They are called 

mammals. 

What do the animals mentioned above breathe? 

What organ helps them? (See the dissected rat. ) 

Observe the dissected heart of the frog and rat. Note the 

chambers of the heart. How many chambers in the heart of the frog 

( Note the pins in each chamber. ) How many chambers 

in the heart of the rat ? ( No pins here, you must 

figure this out yourself. ) Since the frog and rat are each members 

of a particular group of animals would you suspect that other ani

mals in their group will have the same number of chambers? 

Perhaps you'd like to bring another member of a particular group 

to school and dissect it to determine if it has the number of 

chambers you believe it should have. 

Examine the life series of the frog in the jars. How are 

young frogs produced, that is, what is the first stage in their 
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development? What do you see on the side 

of the tadpole's neck, near the throat? What do you suspect this 

is? Do you think it serves the same func

tion as found in the fish? He probably breathes 

from the water. Examine the adult frog which is pre

served and dissected. What organ provides him with air? 

The frog is either warm blooded or cold blooded. 

There are nine frogs in the back sink. Do an experiment which 

will permit you to determine if he is warm or cold blooded. Did 

you see how to take an animal's temperature? 

Examine the salamander and the frogs in the aquarium. 

What would you say is the texture of their skin? 

Do NOT say warty. 

Name some reptiles other than a snake. 

Do they have 

legs? Examine the desert tortoise in the patio. What 

does he have on his toes? Look closely at the 

diorama Poisonous Animals of the Desert. What does the Gila 

Monster have on his toes? Look closely at the Horned 

Toad. What has he on his toes? We can say that if 

a reptile has legs his toes will usually have . 

You have examined a number of animals which are differ

ent from each other in some major way but they all have one thing 
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in common. That is Animals 

with this structure are called vertebrates. 

You have drawn certain conclusions by looking at a few 

animals. Do you feel that it is safe to make generalizations about 

all the animals of the world based on looking at afew animals? 

What would ( or should) you do to be fairly certain 

about your statements? 

Go to the animals at the back of the room. There is one 

bottle labeled "Insects. V Examine the ants very carefully. Use the 

dissecting microscope if you wish. How many sets of legs do the 

ants have? _______ How many legs in all? I have re

moved the legs from one of the ants under the magnifying lens. 

How many body segments do ants have? What function 

do you think the two whisker-like appendages serve on the head? 

Examine a fly, a bee, a grasshopper. What can you say 

about their legs? Body parts? 

Be careful on the grasshopper; his body parts may fool you. Dis

sect the grasshopper. Utensils are on the side of the room. 

Cover your desk with paper. CLEAN UP YOUR MESS! ! Do you 

find anything interesting inside the grasshopper? 

Some of you will, some won't. Call me if you think you have found 
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something out of the ordinary. Tell me what you think it is. How 

do you think insects reproduce? Extra 

knowledge can be yours if you dig up an ant's nest. What do you 

observe some ants carrying in their mouths? 

If you cannot identify them because they are too small bring them to 

school and look at them under the microscope. 

Examine the leaf in the jar at station number five. What do 

you think those objects are on the leaf? Examine 

them every day for a week. What appears on the leaf? 

Look at the diorama of the silk worm. What are the stages in the 

life cycle of some insects? What are the stages called? 

How can you tell the difference between a moth and a butterfly? 

Examine the antenna very carefully on the preserved specimens of 

the Swallowtail and the Sphinx moth. What is the difference between 

the two? Examine the pictures of the 

butterfly and moth resting on the flowers. What appears to be a 

difference in their posture? 

When do moths generally fly? Insects are one 

group of living things. Can you think of one thing more most in

sects have at one time or another during their life? Think of a bee, 

fly, grasshopper, moth, butterfly, and, at certain times of the year, 
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cockroach, mosquito and any other insect that comes to your mind. 

What one thing do they generally have? 

The insects in the back of the room were separated from the 

animals in the front of the room because they had no 

They are called invertebrates. 

The next group of animals are the Arachnids. A spider, 

scorpion, and tick are examples of this group. Examine the dead 

tarantula. How many legs has he? How many on the scorpion? 

Look at the tick under the microscope. How many 

legs has he? This is perhaps one of the most easily 

identified characteristics of the Arachnids. They have legs. 

Have you ever seen a scorpion, tick, spider fly? This is another 

characteristic. They never have . Can you determine 

how many body parts they have? This may be diffi

cult but you can try. 

The next group of animals are the Mollusks. Slugs, snails, 

squid, and octopus are examples. This is a wide group of animals 

but they too have one thing in common. Touch the body of the pre

served octopus. Describe the feel. 

Touch the slug, the snail, the squid. What can you say about all of 

them? 

Some of these animals may have a shell as the snail or the clam, 

oyster did, but the animal inside still has the same characteristics 
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you noted before in the snail or squid. 

The next group of invertebrates are the Echinoderms. 

What is your epidermis? Look this up. Touch the starfish, the 

sea urchin, what do you notice about the feeling or appearance of the 

the outer skin? There are many technical 

things which put such animals in this group but the most outstand

ing is their skin. Now that you know what epidermis is what do 

you think Echino-derm( is ) means? 

An Arachnid had legs., An insect has . 

Another group of animals which may be classified according to the 

number of legs are the Crustaceans. Count the legs of the cray

fish. How many has he? Count the legs of the little 

"pill bug" or "sow bug" as some call him. He is also a crustacean. 

How many legs to a body segment or area? 

Where is the skeleton found in the bird, fish, rat, horned 

toad, and frog? Having their skeleton here is 

called an endoskeleton. When you dissected the grasshopper did 

you find any bones at all inside him? To what was his 

flesh attached, especially when you cut open the chest area? 

Look at the beetle. Probe him with a pencil. 

Where is his body hard? What about the 
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crayfish? Where is he hard? What about a lobster? 

Where do you find the meat? Inside or outside? 

Notice the clear, white, delicate object in the 

jar next to the grasshoppers. Doesn't this look like a model of a 

grasshopper without the insides? If that were a human 

who had been dead for ten years or more what part of him would be 

left? This, then, is the 

of the grasshopper. How do you think an insect like a grasshopper 

can grow larger? What must he do to his skeleton if it can grow 

only so large and then no more? 

Where is the skeleton located on most invertebrates? 

This is called an exoskeleton. 

A group of animals living in the sea are the sponges. They 

are called the Porifera. This means they have many pores or 

openings. Their skeleton is somewhat unique. Look at the slide 

under the microscope at station three. Draw what you see (on the 

back of this paper). These materials make up the skeleton of some 

sponges. Other sponges have a soft network of fibers which help 

to support them. See the slide beside the microscope at station 

three. This material came directly from the "sponge" beside the 

microscope. If this material is the skeleton what part of the 

sponge do you use to wash the car? The 
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whole preserved sponge may be seen in the jar by the microscope. 

Does it look very much like the "sponge" beside the microscope? 

Another group of animals which are believed to have been 

the first life on earth are the protozoans. There is some water in 

a jar at station six. With an eyedropper take some of this material 

and place on a microscope slide. Draw what you see. Would you 

say this animal was made of one cell or many? Look 

at a piece of the onion peel for comparison. Would you say this was 

made of one cell or many? Some of these fellows 

can cause serious disease. For example, many of you come back 

from Mexico with dysentary. some of it is said to be Amoebic 

dysentary. It may be or it may not be but this animal (protozoan) 

is the cause of some dysentary obtained in Mexico and can be very 

severe. You may see an amoeba if you take some of the water 

from the jar at station eight. Is he one celled? Draw 

him if you find one. If you don't find one draw one that someone 

else has found. Do your drawings and that of your friend's look 

exactly alike? 

I'm sure you have all heard of Malaria. Use a reference 

at home to find out what kind of animal causes this disease. 

The final group of animals to be considered at this time 

are some of the worms. In a jar at station nine are some dog 
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tapeworms. These were given to us by a local veterinarian. In a 

pan covered by a plate are some planaria. What do you notice 

about the thickness of these animals compared with their breadth? 

Make a statement: 

These animals belong to the Platyhelminthes. They are the flat-

worms and can cause an infection in man and lower animals. Look 

up the word parasite if you don't know it and write its definition 

here. 

If you became infected with one of the parasitic flatworms how do 

you think you might have gotten it if they live in pigs, beef, fish? 

What does this tell you about how to cook your food? 

Another group of friendly worms which like to get into 

people, plants and lower animals are the round worms. There is 

a jar with a roundworm in it and a microscope slide showing one in 

some flesh. Do you see any segments on the one in the jar? 

These animals can be obtained by eating raw or poorly cooked pork. 

The disease is Trichinosis and can be fatal. 

Finally, the plain old garden worm belongs to the Annelida. 
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u 

What do you notice about the outside of the animal's body? 

Feel along the underside. What do you feel? 

All worms in this group will have this character

istic. 

There are some live earthworms that were purchased from 

a local bait store. Design and do an experiment to determine if 

they like light. Do they? Watch the red blood vessel .. 

which can be seen through the skin. Which way does the pulse of 

blood go? Which end do you think is the head 

end? 

Some of the leeches that people get on them when in swim

ming belong to this group of animals , 
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SIMPLE MACHINES 

To the Student: 

It is hoped that if you design experiments to answer the questions 
asked you will develop skill in making observations, recording 
data, and drawing conclusions. One or two places in this sheet 
you will have to use a book for gravity factors. The rest of the 
time you are not to use a book. In doing the experiments you may 
have to do them several times to get a result from which you can 
make a generalization. Do not be afraid to do an experiment over 
several times. 

What is your weight on the planet Earth? On 

the moon? On Mars? Where did you look 

to find a gravity factor? Why does your 

weight change from place to place? Complete the 

statement: Weight is a measure of the force of . 

Design and do an experiment to show which requires more force: 

Lifting an object up a short steep incline to any certain height or 

lifting the same object to the same height up a long gentle incline. 

There are boards, weights, and spring balances at the rear of the 

room. 

There are 10 boards stacked at the back of the room. Use 

a stack of books one foot high and place the boards on the stack 

one at a time so as to make ramps of different length and angle of 

rise. Measure the force needed to move a weight up the ramp. 

Present your results in table form. Make a statement which 
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summarizes the results. Should the results be the same as the 

one in the paragraph above? 

Complete the following statement by filling in the blanks: It 

takes force to move a weight up a long ramp ( inclined 

plane) than to move it up a ramp but the weight 

must go a distance. 

Make a ramp of twine such as this j , wind 

it around a pencil. Does it look something like a screw? We can 

say a screw is an plane around 

itself. 

Do you think a spiral staircase is easier to climb than a 

ladder? On which do you have to climb or walk the 

greater distance? 

For the next activities you will need a couple of definitions. 

Work: Work is defined as something being moved through a dis

tance. Work is measured in foot pounds. For example, raising a 

weight of one pound to a height of one foot is said to have used one 

foot pound of work. So, how much work in foot pounds is done if 

we raise 47 pounds 11 feet into the air? 47 x 11 = foot pounds. 

Now change things around a little. If a person is known to have 

done 517 foot pounds of work by raising an object 11 feet into the 
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air how many pounds did the object weigh? How did 

you find the answer? 

If an object weighing 47 pounds required 517 foot pounds to lift it to 

a particular shelf how high above the ground is the shelf? 

How did you get your answer? 

Go back to the set-up you had with the pile of books one foot 

high. Use the figures you obtained when using the longest board. 

How much force did it take to get the weight up to the height? 

Find out how many foot pounds of work it takes to raise the object 

straight up to the height of one foot. It takes foot , 

(Will your answer be in foot pounds if the object didn't weigh a pound? 

Or will it be expressed in some fraction thereof?.) Does it take the 

same number of foot pounds of work to move the object to the top of 

the books by sliding them up the ramp? Do you use more 

force in sliding them up the ramp or lifting them directly? You 

should now have mathematical proof of the answer you gave a while 

back. 

You will be provided with the necessary materials to make 

the following objects. In all measurements you make, do them with 

great accuracy. Your understanding and the results you obtain will 

depend upon your accuracy. 
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In the back of the room are pieces of pegboard. Use the 

string available and make the set-ups shown in the drawings. 

-O 

Start with one drawing and work it through. Place the pieces 

of pegboard a definite distance apart, say three inches. With your 

fingernail mark the place where the string leaves the last hole. 

(Pinch the string between your fingernail as you pull. ) Pull the 

string until the pegboards come together. Be sure there are no 

loose loops of string. Measure the distance you pulled the string. 

Write a statement involving the distance the lower pegboard was 

moved and the distance the string was pulled. Do the same with 

the other set-ups. 

At the back of the room are a number of pulleys. There are 

some brackets attached to the windows as well as some poles that 

look like goal posts on the front demonstration desk. Use one 

pulley and one string and an object of known weight. Use a spring 

balance and raise the object with the string over the pulley. Do 

you find any saving in force by raising the object this way? 
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How far must you pull the string to raise the object one foot? 
/ 

Which way does your string go? Which way does the object being 

raised go? This kind of pulley merely changes the 

of movement. 

Now use two pulleys and one with a double pulley on it. See 

the diagram on the board. Is there any saving in force needed to 

raise the object? How does the reduction in force com

pare with the number of strings ( strands of string) directly in

volved in lifting the object? Your figures may not come out exactly 

perfect but you should see a close relationship. How far must you 

pull the string toward you in order to raise the object one foot? 

There are a number of different pulleys. Try various com

binations. Can you ever completely eliminate the force needed to 

raise the object? 

Complete the statement: The amount of force required to 

raise an object when using pulleys is reduced by the of 

strands of string involved. There is no saving in only in 

needed to raise the object. Furthermore if there are 

strings you will have to pull the string times as far as you 

raise the object. 

There are 10 mechanisms around the room that look like 

seesaws for midgets. They were made of large pieces of wood so 

that you could work with heavy weights. Balance the seesaw 
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before you begin to work with it. Why? Why should one side be 

equal in weight to the other side before you begin? Notice that 

there are an equal number of cup hooks on each side of the middle. 

( The pivot point is called the fulcrum. ) Place a known weight on 

the extreme outer cup hook. Place a spring balance on the ex

treme outer hook nearest you. Raise the weight by pulling down on 

the spring balance. What do you observe? How much force was 

required to raise the weight? How much did the 

weight weigh? 

Move the weight one hook nearer you. Repeat as before. What do 

you notice? 

Continue changing one variable at a time. Record your results in 

a table. You may not be able to do the next task but give it a real 

try. Make a mathematical statement which will give you a rule by 

which to work. Explain the relationship of the lever you have been 

using. 

Force X = X 

I have supplied the first part to get you started. 

If you were successful in filling in the blanks above you 

should be able to solve the following problem: 
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A boy wanted to lift a boulder which, weighed 180 
lbs. Using a plank as a lever, he placed a small 
rock ( as a pivot point) at a distance of ore foot 
from the boulder. He pushed down on the other 
end of the plank at a distance of nine feet from 
the pivot point. How much force would he have 
to apply if the plank weighed nothing? 

Analyze the following items and see if you can group them according 

to where the pivot point, the force, the load is located. Wheel

barrow, hoe, fishing rod (deep sea type), row boat with oars in 

water, door, crowbar, paper cutter, broom (household type), see

saw, scissors, shovel. How many groups did you obtain? 

These are called the classes of levers. 
( number ) 

Make a set-up to show how much distance is moved by each 

part of the lever when the weight is different distances from the 

pivot point. ( The pivot point is called the fulcrum. ) That is, how 

far is the weight moved compared with how far the tip of the force 

end must move? 

Complete the statement: In using a lever, is less but 

the amount of is the same. The weight travels a 

distance and the force you exert must travel a 

distance. 

This unit has been about simple machines. A machine is anything 

that makes work 
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AVIATION 

To the Student: 

By now you know where most of the materials are in the 
room. You may use any piece of equipment, chemical or tool you 
feel you need in order to perform the experiments suggested. 

You are urged to purchase one of the fifteen cent balsa 
wind-up model airplanes which are available from local hobby shops 
and drugstores. You do not have to buy one, however. If you like 
you may get one for the group in which you are working. 

1. Do an experiment to determine if air has weight. 

Statement of Problem: 

Assumption: 

Experiment: 

Materials: 

Procedure: (drawings may be included) 

Results: 

Conclusion: 

2. Follow the same outline on the back of this sheet for: Does 

Air take up Space? 

3. Same as question two for: Does air exert pressure? 

4. From your experiments we can conclude that air is 

5. Do the following activity: 

Material needed: Strip of notebook paper or newspaper about 
2" wide and 10" long. Book 

Procedure: Blow over the paper. 
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6. What happens to the paper? 

7. How can you explain why this happened? 

8. Place a paper clip on the end of the paper. Can you lift it by 
blowing over the paper? 

9. How many paper clips can you raise this way? 

10. You blew air over the paper. Would the results be the same 
if you moved the book through the air rather than, blowing the 
air over the book? Try it! 

11. Do the following activity: 

Take a spool of thread, empty, a pin, a piece of cardboard. 
Make your set-up as follows: 

12. Hold your finger on the pin and cardboard. Naturally, the 
card does not fall off. Remove your finger and it does. How
ever, hold your finger on the pin, blow steadily and forcefully. 
Remove your finger gently. Does the cardboard fall off this 
time? If not, why not? 

13. Could this phenomena have anything to do with the strip of 
paper rising as you blew over it? 

14. Take two strips of paper and hold them about 4" apart (more 
or less ), blow steadily between them. What do they do? 

15. Could this have anything to do with the paper rising in the 
first activity or the second? 
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16. Take a funnel. Place a ping pong ball inside. ( See diagram) 
Hold it with your finger and blow forcefully. Remove your 
finger gently. Does it fall out (the ping pong ball)? 
Could this have anything to do with the previous experiments? 

17. What one thing was common to all the activities you have done? 

18. Since this unit is on aviation can you make a statement that 
would connect these activities with an airplane's ability to 
fly? 

19- There is a drawing on the board of two automobiles driving 
along. The top of one convertible is bowed outward. This 
car is traveling 50 mph. The top of the other car is normal. 
This car is traveling 25 mph. Which car has less air pres
sure on the top? Why? 

You will now need the airplanes you bought. From the 3x5 cards 
in the front of the room you are to construct two ailerons and two 
elevators and one rudder. Glue them to the wings, vertical stabil
izer and horizontal stabilizer of your plane. Don't ask me how 
large to make them. Experiment with them and see.which size 
works best. Remember this: You are not trying for beautiful 
flights. You are trying to discover the effects upon the airplane's 
flight caused by changing the control surfaces. 

20. By experiment determine what will happen if both elevators 
are up. All other controls are level. Write your results 
here. 

21. Elevators are down: 

22. Straighten all controls, turn the rudder left (as the plane is 
flying away the rudder is to the left). Which way does the 
plane tend to turn? 

23. Turn the rudder right. 

24. Right aileron up, left aileron down. The plane tends to: 
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25. Left aileron up, right aileron down. The plane tends to: 

26. By experiment determine what to do to shorten the take-off 
length. We don't care if the plane stalls out once it gets in
to the air. 

Normal takeoff distance was ( Average of takeoff s ) 
Shorter takeoff distance was ( Average of takeoffs ) 

To accomplish a shorter takeoff I: 

27. Use the homemade wind tunnel to do the same experiments. 
Does this tend to confirm your results? 

28. BACK TO THINKING ABOUT AIR: 

Use the jar in the front of the room. Pretend it is the world 
outside. If the lever tip on the little vial inside the jar went 
down would there be more or less pressure inside the jar? 

29- If you were high up in the mountains would you be higher or 
lower in the earth's atmosphere? Would there 
be more or less pressure on you? Would there 
be more or less resistance to an airplane? 

30. If the tip on the little vial went up would you be higher or 
lower in the atmosphere? If the tip went up 
would this mean there was more or less pressure on the 
rubber diaphragm? 

31. Use a rubber hose to blow into or suck out air. Does this 
confirm your answers to 28-30? Do you think a device like 
this could be used to measure altitude? 

32. From any reference book make a graph showing the per
centage of various gasses in the air. 

33. Aviation people talk about thrust, lift, drag, gravity. Draw 
a plane and use arrows to label what you think would be 
these factors working on an airplane. 
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34. A dynamometer measures the force generated by an airplane 
engine or rocket motor. Design and do an experiment which 
will tell how much force a balloon has. Measure force in 
terms of ability to move paper clips. 

35. Determine air movement as created by your airplane's 
propeller. Draw a plane and use lines to indicate direction 
of movement of the air caused by the propeller. 
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ELECTRICITY AND MAGNETISM 

To the Student: 

In experimenting with magnets keep your wristwatch AWAY 
from the magnet. 

1. There is a box in the front of the room containing pieces of 
lodestone. By experiment, mention two things you can pick 
up with them. 

and 

2. From the Field Guide to Rocks and Minerals write a brief 
paragraph about Chemical composition and the use of lode-
stone. 

3. What can a magnet attract? In the front of the room you will 
find some objects. Circle the objects the magnet will attract. 
Nail, penny, paper clips ( all of them?), pins ( all of them? ), 
thumb tacks ( all of them? ), cork, paper 

4. As a general rule magnets attract only those objects which are 
made of . 

5. In the front of the room are some magnets. Find out where 
the magnets are the strongest. A magnet is strongest at 
its . 

6. If size, weight, and overall strength were the same, which 
shape magnet would be the strongest? 

7. Find out what materials the force of a magnet will pass 
through most easily. Test the following: Glass, cardboard, 
steel, wood. Should the materials to be tested be of the same 
thickness? 

8. I find the force of a magnet passes most easily through 
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9. Make a statement about which ends attract: Two very strong 
magnets are in the front of the room. The ends have been 
marked ( + ) and ( - ). DO NOT BANG OR DROP THESE 
MAGNETS. DO NOT WASTE TOO MUCH OF YOUR TIME 
PLAYING WITH THEM. 

10. Make a statement about which ends repel. Use the signs on 
the magnets. 

11. A general statement can be made which would hold for all 
magnets: ends attract ends 
repel. 

12. Does the force of attraction exist only on the surface of the 
magnet or does it extend some distance from the magnet? 
Design and do an experiment to find out. Explain what you 
did and what you found out. 

13. Use iron filings and "map" the force of a magnet. Provided 
arejbar magnets, stiff cardboard and masking tape. 

Draw a picture of the force of a bar magnet. Provided are 
bar magnets, stiff cardboard and masking tape. This one 
will catch you if you are not a careful observer. 

Draw a picture of the force of this bar magnet. 

N S 

14. Now, draw a picture of what you hypothesize might appear 
if you had two north poles together. Draw what actually is 
the appearance. 

Hypothesized Actual 
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15. Draw a picture of what you hypothesize would appear if you 
had a N and S pole together. 

Hypothesized Actual 

16. Around every magnet exists an invisible field of _____________ 

17. Blue print paper is available if you want to make a permanent 
record of the field of a magnet. Expose paper with field out
lined by iron filings to the sun for 2-3 minutes. Put filings 
back into the container. Wash paper with cold water. Tiny 
lines will appear. Try varying time of exposure with little 
test strips of paper. 

18. From your experience with the iron filings draw what you 
think the earth's magnetic field might be like. 

There are some magnets in little round glass cases in the 
room. These are called compasses. Take this "drawing" of 
the Catalina Mountains and mark the spot the compass tells 
you N is located. Tonight, after dark, find the constellation 
Ursa Major (Big Bear). It is said that the stars of the dipper 
part are pointing to the handle of the little bear constellation. 
The last star in the handle of the little bear is said to be 
Polaris, the North Star. 

Is the star in the dipper pointing in the same general direc
tion of the spot you "marked" on the drawing? Yes No 
( circle one) 

20. Is it off somewhat? Yes No (circle one) 

21. If it is off, is it off to the east or west? East West (circle 
one ) 
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22. If it is off, what things could have caused your compass to 
point somewhere other than at the North Star? 

23. Should a compass point "true north"? Or will it point to 
what is called "magnetic north"? 

24. A boy heard that you could magnetize a piece of iron such as 
a nail or a spike if you held it in a north-south direction and 
struck it with a hammer. To prove he had made it a magnet 
he brought a compass needle to it and sure enough the N 
seeking end of the needle pointed at the bar. Was there any
thing wrong with his proof? Yes No ( circle one ) 

25. If "No" why not? 

26. If "Yes" why so? 

27. Take a magnet and stroke a nail in one direction 15 times. 
Does the nail become a magnet? Yes No ( circle one ) 

28. Hit the nail, throw it on the floor. Heat in the burner. Is 
it still a magnet? Yes No (circle one) 

29. Take a nail and wind it with many turns of the wire which is 
provided. ( 50-100 turns) Attach both free ends of the wire 
to a battery. Can the nail now pick up a paper clip? Yes 
No ( circle one ) 

30. Where did the magnetism come from? 

31. Take a compass and line it up so the letter "N" is under the 
needle when the needle is pointing in a northerly direction. 
Take a magnet and bring the south pole to the position 
marked east or west. What does the needle do? On the 
next page is a compass (drawing). Mark the change with 
your pencil to show what happened. 
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Take a compass, place it so the letter "N" is under the N end of 
the needle. Wrap several turns of wire around the compass in the 
same direction as the needle is pointing. Connect one end of the 
wire to a battery. Now attach the other end momentarily. What 
does the needle do? 

32. What can you conclude about a wire with a current passing 
through it? 

Are these the same restilts you got when you brought a mag
net close to a compass? What was extending out from the 
magnet in all directions? 

Complete the statement: Around any wire carrying electric
ity there is an invisible of 

33. Do you think a magnet ( electro magnet) could be made 
stronger by using: 

( a )  m o r e  c u r r e n t ?  Y e s  N o  ( c i r c l e  o n e )  
( b )  m o r e  w i r e ?  Y e s  N o  (  c i r c l e  o n e )  

How could you prove your assumption? ( Another name for 
an assumption is an . ) 

For now this concludes the activities with magnets. 

34. From the faucet in the front of the room let the water run in 
a fine stream. Take the black rod, rub briskly with the silk 
cloth or rabbit's fur. Bring the rod close to the stream of 
water. What do you observe? 

35. Rub a balloon with a piece of wool or against your sweater. 
Place the balloon against the green board ( chalk board). 
What do you observe? 

36. Take some very small bits of paper and place them on the 
table. Rub the rod as in 33. Bring the rod close to the 
paper. What do you observe? 

In 34, 35, 36 the same basic thing happened. Refer to ques
tion 9. Do you suppose something similar is operating here? 
Yes No ( circle one ) It is not magnetism that is happening 
here but there is attraction. How were the magnets marked 
in question 9? 
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They were marked and . Is it possible that 
we can assume one item with which you have been working is 

and one item is ? 

37. If your answer is "yes" we must have made one and 
one by doing what to one of the items? 

38. If your answer is "no" what must we have done? 

39. The drawing below represents an atom. If you took away one 
electron the atom would have too many of what opposite charge? 

The atom would be more charged giving the atom 
the charge of . 

If you gave this atom the electron from above it would have 
too many charges and would have an overall 
charge of 

In the above situation then, one atom would be 
the other and should each other. 

40. We can perhaps assume that in the kind of electricity we have 
made by rubbing that one piece of material gives up 
and the other one 

Basic Information: 

Fur and wool lose electrons easily. Hard rubber accepts 
them. Silk takes electrons and glass gives them away. 

41. Take the hard rubber rod and rub briskly with the fur. Bring 
the rubber rod near the pith ball in the front of the room. 
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42. It is attracted-repelled (underline the correct one). 

43. After a minute or two can you attract it or repel it with the 
same rod (underline attract or repel). 

44. Now do the same experiment with the glass and silk. ( Do 
not touch the ball with your hand before you touch it with the 
glass. ) What happens? 

45. Fur, we said, loses electrons. What would happen if you 
rubbed a fluorescent tube rapidly with a fur piece? 

Go to a dark closet and try it. Let your eyes become dark 
adapted before you proceed. 

46. Can you build up a good charge by rubbing a copper wire with 
either silk or fur? Write "yes" or "no" 

47. Can you build up a good charge by rubbing a glass rod? 

48. Which of the two substances above do you think conducts 
electrons away? 

49- Which of these do you think holds or insulated against the 
leaking away of electrons? 

How did you test to see which was holding electrons? 

50. Give a definition of what you think an insulator is (based up
on the above activity). 

51. A conductor is: 

52. Testing for conductors: Rig up the following activity: 

Across the opening try the following items to determine if they are 
a conductor: 

paper clip (bent open) 
aluminum strip ( foil) 
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rubber band 
copper wire 
piece of string 
piece of glass 

Put a mark in front of the conductors and a mark after the insula
tors. 

59. What liquids are conductors? 
Test the following: Make sure you clean out the glass each 
time. 

Conductor Non-Conductor Liquid Acid Base Neutral 
Baking Soda Soln. 
Lemon in water 
Water (distilled) 
Water with salt 
Vinegar 

Test each solution with litmus and put an "X" under the category to 
which it belongs. 

60. Make a statement regarding your results (about acids, bases, 
neutrals and if they are conductors or not). 

61. There is a device in the back of the room which is very sensi
tive to electricity. Test the following items to determine if 
any combination of two of them give off electricity when 
placed in one of the above solutions: 

penny, wood, zinc strip, rubber rod, glass tube . 

62. What solution did you use? 

63. Make a chart showing the results of all possible combinations. 
Let a indicate current produced and"+n indicate no 
current produced. Why do you think was chosen for current 
being produced? 

64. Examine the dissected dry cell in the front of the room. Con
sult page 481 of You and Science. Draw and label the parts 
( on the back ). 
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65. The part of the cell labeled "+" must be 
electrons. 

66. The part of the cell labeled must be 
electrons. 

67. From what you learned about static electricity you know now 
that the flow of electricity is from to 

68. You learned that a compass needle would react violently 
when a current was passed through a wire wrapped around the 
compass. This was because the wire had a _____ 

around it when the current was going through 
it. Is it possible to determine if a magnet could make current 
flow in a wire? 

Use the following equipment: galvanometer, large magnet, coil 
of wire. 

69. Draw how your set-up looks. 

70. Tell what you did. 

71. Tell what happend ( results ). 

72. Tell what conclusions you reached. (Re-phrase what you set 
out to determine. ) 

73. So far electricity has been made in different ways. 
They are 
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74. Make the following set-up: 

75. As it is in the drawing will the light light? 

76. If the knife switch were really a draw bridge we would con
sider it open or closed in this position? 

77. We can therefore say this circuit is open or closed? 

78. When a circuit is no current will flow. When 
a circuit is current will flow. 

79. What is moving through the wire when the switch is closed? 

80. Obtain the following: 

2 miniature receptacles peg board 
2 bulbs nuts and bolts 

fine wire one or two dry 
cells. 

By experimentation set up the equipment so that both lights 
will light at the same time. Draw your set-up so I can look 
it over. 

81. By experimentation set up the foregoing equipment so that 
light one may be on while light two may be off or the other 
way around. This must be done with one initial wiring set
up which cannot be changed each time a light is to be turned 
on or off. The way to have one light on and the other off is 
to unscrew the light that is to be off. 

Draw your set-up. 

82. You are all aware of the noise in the old fashioned switches 
in some of the older homes ( click-on, click-off). A new 
kind is called the silent switch which is really a mercury 
switch. Ask for the homemade mercury switch and wire it 
to the lamp receptacle and then draw your set-up showing 
on and off positions in relations to the mercury and the 
wires. 
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Would you say mercury is a condutor or an insulator? 

83. Mercury and knife switches are dandy but how can switches be 
wired to turn on different lights from one place in the room. 
By experimentation using two receptacles, two bulbs, one 
piece of pegboard, wire, one or two batteries, complete the 
drawing below so that either light may be lit using one switch 
set-up. 

84. You have all seen those switches whereby one is able to turn 
on a light as one enters the room and turn off the same light 
even though leaving by a different door. Complete the draw
ing below so that this feat can be accomplished. 



118  

CHEMISTRY UNIT 

To the Student: 

In this unit you will be working with chemicals 
which can hurt you. You will be working with fire. I will demon
strate the use of the fire extinguisher. If needed, use it. I will 
discuss handling of acids and bases. Never taste anything unless 
I tell you to. Be careful! [ ! 

1. Improving Your Scientific Observations. 

I want to know as much about a burning candle as you can 
tell me. That means you can discover a great deal by 
observing. I will supply the candle. You list the observation 
and experiments. This can be done at home too. ( You supply 
the candle for that. ) 

Try different things with the candle. List any questions that 
occur to you and then try to answer the question by doing an 
experiment. 

Number your observations. 

Number your unsolved problems. Discuss them with a neigh
bor. 

2. Atoms and Molecules. 

Take a test tube or baby food jar and place some water in it. 
Let it sit for a few minutes until it is calm. Carefully add 
one drop of india ink. Describe what happens over an interval 
of time ( 30 seconds, 1 minute, 2 minutes ). 

Why doesn't the ink stay together in one blob? 

3. How many molecules in a drop? Molecules are the smallest 
amount of a substance that can be and still be that substance. 
You also know it is made of atoms. 

For this activity we will assume (and are probably right) 
that the color of the liquid is due to the molecules. 
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Take 3 test tubes and place 49 drops of water into each. Drop 
one drop of india ink into the first tube. What fraction of the 
whole contents is india ink? 

Stir it up. Is the liquid still colored? 

Now take one drop from tube number 1 and add to tube number 
2. What fraction of the whole is now ink? 
Is it colored? 

Now stir and take one drop from number 2 and add.to number 
3. What fraction of the whole is now ink? 

Since you divided ink into parts you can say there 
must be at least 125, 000 molecules in the drop. Could you 
divide it more and still see the ink? 

4. How can we explain the change in state of matter? 

If everything is composed of molecules what must happen to 
them when we heat a substance? Crush some ice. Place it 
in a test tube and heat gently. Record what you observe. By 
means of a drawing show what you think the molecules must 
be doing when in the solid state and then when heated gently 
and then when heated more. 

5. In order to cool something what must be taken from it? _____ 
In order to evaporate something you must add ________ to it. 

6. If you add to it you must have taken it from some
where. 

Place a drop of alcohol on your arm and fan briskly over the 
spot. What do you notice about the skin under the drop of 
alcohol? 

Take two thermometers, two pieces of cloth, some alcohol. 
Show how you can prove your answer on evaporation. Use no 
flame in this experiment because alcohol is flammable. 

7. Take some sulfur and some iron filings ( about what would fit 
on the end of a spatula). Mix them. How can you separate 
the two? Is this a mixture or a compound? 
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Mix them back together again. Heat over an alcohol lamp or 
bunsen burner flame on a coffee can lid. Can you separate 
them now? What must have happened? Is this a mixture or a 
compound now? 

Try to write the chemical formula for what you did. You may 
use the symbols on page 150 of Science Problems 1. 

8. A short way of writing the names of chemicals is by using 
their symbol or formula ( symbol if it is an element). Take 
some ice and crush it. Place it in a 50 ml beaker. Place a 
micro test tube 1/4 full of water () and place it in the 
ice. Use a thermometer and record the temperature of the 
water before placing it in the ice bath. Record the tempera
ture every few minutes. MAKE A GRAPH OF THE RESULTS. 
Does the water freeze? 

GRAPH OF EXPERIMENT 

9. Get the same set-up. This time add about 1/2 a dry test tube 
of salt to the ice. This time do not record temperatures. 
Does the ice freeze? 

10. Do the same thing as in 9. This time add salt (NaCl ) to the 
water in the test tube. Does the water freeze? 

11. Boil a beaker of water. ( about 25 ml of water ) At what 
temperature does it boil? Add salt to another equal 
quantity of water. At what temperature does this boil? 

12. Make a statement regarding the relationships between 
freezing points-boiling points of a solvent when a solute has 
been added. 
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13. Many times chemists have to identify unknown substances. 
They can do it sometimes with the flame test. In this test the 
color of a flame is used to indicate the chemical being burned. 
Take a piece of the iron wire provided, make a small loop on 
the end and dip the loop into some hydrochloric acid (HC1 ) ; 
now dip the loop into the following chemicals and record 
your observations of the flame's color. The color is pro
vided by the first element in the compound. Be sure you 
cut off the loop each time you do the flame test so that you 
will have a fresh piece of wire for the next test. 

NaCl Sodium Chloride 
CuSO^ Copper sulphate 
KNOj Potassium Nitrate 
CaCl Calcium Chloride 

14. Other tests which can be made are for things like starch and 
sugar. Take a drop of the IKI solution and place it on a 
piece of potato which is provided. What color do you get? 

Take a micro test tube and add water and 
stir into it some corn starch. Add a few drops of IKI. 
What color change do you get? Save the 
starch water and IKI solution you have made. ( The word 
solution is used here in a general way and is not tech
nically correct. ) 

15. Can you tell the difference between a solution and a sus
pension? One difference is that a suspended 
material can be filtered out. Try filtering the liquid from 
14. Can it be filtered out? ( Can the color be 
removed by filtering? ) Take some tea and dissolve in a few 
drops of warm water. Can it be filtered out? Which is a 
solution? Which is the suspension? 

16. Fehling's or Benedict's solution is a test for sugar, (simple 
sugar) Take some dextrose and dissolve in a few drops of 
water in a micro test tube. Add equal amounts of the test 
solution provided. HEAT GENTLY. Is' there a color change? 

What color, if any? 

Do the same thing with cane sugar. What color change do 
you get? Which is a simple sugar? Which is 
not? 
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17. In the electricity unit you worked with acids and bases. We 
have some test paper which tells HOW acid or basic a sub
stance is. On the bottle is a scale from 1 to 14. Use the 
acetic acid and ammonium hydroxide NH^OH solutions pro
vided and tell me if pH 1 is acid or basic. 
Is pH 14 acid or basic? What do you suspect pH 7 
would be? 

18. Obtain an element from a compound. Take about as much 
mercuric oxide HgO as you can fit on the end of a wood 
splint. Place the mercuric oxide in the bottom of a dry 
micro test tube. Cork gently. Now heat over a flame. 
Observe what forms on the side of the test tube. Scrape 
some off and examine it closely. What is the substance? 

From where did it come? 
Try to write the equation of the decomposition of mercuric 
oxide. 

19. What else beside Hg should have been formed? 

20. Chemists talk about physical and chemical changes. Light 
a match. Let it burn until it is all black (if you can). Was 
this a chemical or physical change? Can you 
make it go back to its original form? Take a 
match and break it. Was this a physical or chemical change? 

Can you put it back into its original form? 

Freezing of water is change. Exposing blue
print paper is change. 

21. The following are acids and bases. What thing is common to 
the acids? What thing is common to the bases? 

Acids Bases 
HC1 NaOH 
h2so4 KOH 
hno3 NH4OH 
h3po4 Ca(OH) 
HBr Al(OH). 

H2C°3 

Exercise involving periodic chart of atoms; this activity will 
test your powers of observation and ability to draw conclusions 
from evidence presented. It will also test your memory of 
electrons and protons. 
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22. What do you notice about the color of the element's symbol? 

23. From what you know about hydrogen, oxygen, neon, etc. , 
what does the color indicate? 

24. From what you know about mercury what does its color indi
cate? 

25. In what state of matter is cesium usually found? 

26. In what state is krypton usually found? ( You didn't know 
krypton was really an element, did you? You thought it was 
something Superman was afraid of. ) 

27. What relationship is there between the Roman numerals at 
the top of the chart and the figures in the blue vertical band 
beside the element? 

28. What relationship is there between the arabic numerals on the 
left and right of the chart and numbers in the blue band? 

29- What seems to be the relationship between the black numbers 
in the upper corner of the element's rectangle and the numbers 
in the blue band? 

30. If the numbers in the blue band represent electrons what can 
you say about the number of protons in the nucleus? 

31. If the red numbers below the symbol in the rectangle repre
sent the sum of the protons and neutrons how many neutrons 
are there in calcium? 

32. What do you think the various letters and numbers in the blue 
band show us? For example: magnesium, number 12, has 
the following configuration in the blue band ( See the board). 

What are they showing us about the structure of the atom? 

Draw a representation of the magnesium atom. 

33. Assuming that atoms have likes and dislikes, and that you 
were told that atoms would like to have an outer shell with 
eight electrons in it what would sodium have to do to get an 
outer shell with eight electrons? 
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What would chlorine have to do to have an outer shell with 
eight electrons? 

If sodium did what I think you will say would it carry a posi
tive or negative charge? (Please, don't say "yes. 11 ) 

If chlorine did what I think you will say would it carry a posi
tive or negative charge? 

If one is positive and one is negative should they combine to 
form a compound? 

Do you see one way atoms combine to form compounds? 

34. Use the formula C = 5/9( F-32) and find the answer for the 
following temperatures: 

40 degrees fahrenheit -64 degrees fahrenheit 
98 degrees fahrenheit 212 degrees fahrenheit 

35. Use the formula F=5/9C + 32 and convert the following to 
fahrenheit temperature. 

37 degrees centigrade 51 degrees centigrade 
85 degrees centigrade 32 degrees centigrade 

36. I will demonstrate the use of the gas generator but you will 
have to do the activity yourself. Two people will be chosen 
to do the activity first and when they finish they will help you. 

Place some marble in the inner tube of the generator. Add 
HC1 to the outer tube. Insert the inner tube into the outer 
tube slowly. 

Catch the gas evolved by the displacement of water. Test 
the gas with a match. What happens? 

Pour some limewater into the tube in which you have the 
gas. Cork and shake violently. What happens to the lime-
water? What is limewater a test for? 

The gas you made is 
your apparatus. 

Wash and dry 
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37. Place some Zn ( zinc) in the inner tube. Again add HC1 to 
the outer tube. Lower the zinc into the tube. Collect the gas 
in one of the plastic squeeze bottles. Fill the bottle about 
2/3 full of this gas. Be sure you collect it in the squeeze 
bottle. This gas is hydrogen (H). 

Now, in a separate flask { You can clean up the generator. ) 
add some hydrogen peroxide, () and some of the black 
dust in the bottle at the front of the room. This chemical is 
manganese dioxide ( Mn02 ) and is called a catalyst because 
it makes the reaction work but doesn't get used up or enter 
into it. You will notice as soon as the MnO£ is added gas is 
given off. This gas is oxygen. Collect it in the squeeze 
bottle (plastic bottle). You now have two parts of hydrogen 
and one part of oxygen in the bottle. Cork this bottle before 
you proceed to the next part. 

You know that two parts hydrogen and one part oxygen make 
water. Yet these are a gas. Something must be needed to 
make them combine. 

Light a candle. Bring the plastic bottle close to the candle 
and remove the cork. Squeeze the two gasses into the 
flame. 

What can you say about a mixture of hydrogen and oxygen? 
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APPENDIX B 

LIVING THINGS TEST 

COMPLETION: 

1. Scales and. gills are a characteristic of which group of 
animals? 

2. Cold blooded, scales, claws on toes if they have feet, is 
characteristic of which group of animals? 

3. Which group of animals are classified by having their entire 
body make of only one cell? 

4. Which group of animals are characterized by having hair 
or fur, four appendages, nurse their young? 

5. What is the large inclusive name given to animals who have 
a backbone? 

6. A group of animals that have six legs, lay eggs, may have 
wings, three body parts and have antenna are the 

7. Echinoderm refers to a group of sea living animals. Their 
most outstanding characteristic is their _________________ 

8. The first stage in the life cycle of an insect is the 
stage. 

9. The second stage in the life cycle of an insect is the 
stage. 

10. The third stage may have a couple of names. The one name 
you saw in the life cycle of the moth was the 

MULTIPLE CHOICE: 

11. When we use a sponge we really use the animal's 
( a )  s k i n  ( b )  m u s c l e  ( c )  e n t i r e  a n i m a l  ( d )  s k e l e t o n .  
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12. Which of the following is NOT (I said NOT) a characteristic 
of an amphibian? 
( a) scales (b) live in water and then both land and water 
( c )  h a v e  g i l l s  t h e n  l u n g s  ( d )  3  c h a m b e r e d  h e a r t .  

13. The term-Exoskeleton-refers to an animal: 
( a )  w i t h  h i s  s k e l e t o n  o n  t h e  o u t s i d e  (  b )  a n  a n i m a l  w i t h o u t  
a skeleton ( c ) an animal with his skeleton on the inside 
( d )  w h o s e  s k e l e t o n  i s  m a d e  o f  e x o a m i n o  a c i d .  

14. The animals thought to have been the first life on earth are 
the: 
( a )  d i n o s a u r s  ( b )  p r o t o z o a n s  ( c )  r e p t i l e s  ( d )  a l g a e .  

15. If a man was given a menu whose choice of food was: 
Crustaceans - cooked to your satisfaction, boiled, broiled, 
barbequed or baked. He would most likely receive: 
( a )  s n a i l s  ( b )  f r o g  l e g s  ( c )  f i s h  ( d )  l o b s t e r .  

16. Hunters are known to cut open a bird to examine one of its 
organs to determine where the birds are feeding. The idea 
that if they can identify the seeds in the animal they will 
look around plants that produce that kind of seed. If you 
were a hunter doing this you would most likely find seed in 
an undigested form in the: 
( a )  g i z z a r d  ( b )  s t o m a c h  ( c )  c r o p  ( d )  g u l l e t .  

17. If you place an animal in a refrigerator and his temperature 
drops sharply and then you place him in a room and his 
temperature rises near room temperature you would prob
ably classify the animal as: 
( a )  w a r m  b l o o d e d  ( b )  a n  o d d i t y  ( c )  c o l d b l o o d e d  
( d) transient blooded. 

18. The snail is placed in which of the following groups of 
animals? 
( a )  e c h i n o d e r m a t a  ( b )  m o l l u s c a  ( c )  r e p t i l i a  ( d )  m a m 
malia. 

19. A person is diagnosed as having a tapeworm. It is probable 
that he got this worm by eating: 
( a )  v e g e t a b l e s  ( b )  r a w  o r  p o o r l y  c o o k e d  a n i m a l  f l e s h  
(c) raw carrots (d) raw or poorly cooked vegetables. 
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20. The science of classifying animals or plants is: 
(a) classifyology (b). taxonomy (c) biology 
(d) zoology. 

TRUE OR FALSE: 

21. All animals can be divided into two major groups: vertebrates 
and animals with backbones. 

22. The adult frog will breathe using gills. 

23. The gizzard is generally considered to be the stomach of the 
bird. 

24. Birds, fish (most of them), reptiles, amphibians and mammal 
produce their young in an egg. 

25. The mammal has a four chambered heart. 

26. The skin of all amphibians is scaly. 

27. Insects have their skeletons on the inside covered by muscle. 

28. The difference in the antenna of a moth and a butterfly is that 
the moth has little knobs on the end and the shaft is generally 
smooth. 

29- The term metamorphosis refers to the changes insects go 
through from baby to adult. 

30. The Arachnids are the spiders. They are characterized by 
having eight legs. 

31. Most insects cannot grow larger unless they shed their skele
tons . 

32. The disease known as Malaria is caused by an insect. 

33. Trichinosis is a disease one may get by eating raw or poorly 
cooked pork. 

34. The word epidermis refers to the skin. 

35. Insects are generally characterized by having three body parts 
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LEVER AND SIMPLE MACHINE TEST 

COMPLETION: 

1. At the southwest end of the building is a ramp. Determine the 
amount of work required to lift a weight directly to the level 
of the hallway without using the ramp. Choose from below the 
facts(s) you'd have to know. Circle the fact's number. 

I would have to know: 

(1) How high the hallway is above the ground. 
(2) How much the object weighed. 
(3) The length of the ramp. 
(4) The angle at which the ramp meets the ground. 
(5) None of the above. 

2. Assuming you choose one or two of the above selections, use 
any figures you desire and place them in the blank(s) you 
choose; 

(1) ________ feet 
(2) lbs. 
(3) feet 
(4) " degrees 
(5) 

Now using the figures you dreamed up, answer the question 
asked in Number 1. How much work was done? 

3. In using a ramp to raise an object from ground level to some 
height above the ground, you , the 
amount of force needed but you do the amount 
of work. 

4. A man has a pulley arrangement as follows: How much force 
is needed to raise the weight? 

of force needed 
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5. What is the weight of the object at "A"? 

7. 

8 .  

9. 

10.  

V )  u  

What force is needed at "A" to raise the weight from the 
ground and bring it to a horizontal position as shown? 

3dO lbs-

A machine is anything that makes work 

The pivot point of a lever is called the _ 

You can push or pull on something all day long but unless you 
it you have done no . 

A door with its hinges and door knob is an example of a 
class lever. 

TRUE AND FALSE: 

11. A slanted ramp may be considered to be a machine. 

12. Using a lever you reduce the amount of work needed to raise 
an object but you still exert the same amount of force. 

13. Some of your experiments did not work well. If they did not 
work well they did not completely agree with what you might 
have expected. The discrepancy was probably due to a force 
of resistance called friction. 

14. Without friction you would not be able to write on this paper. 

15. There is only one class of lever but three variations of it. 
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16. In a pulley system three supporting strands of rope will 
reduce the force by 1/6. 

17. In a lever you reduce the force needed to raise the object 
but the force must travel over a longer distance. 

18. Using a bar 10 feet long and the fulcrum one foot from a 100 
pound weight you'd have to exert approximately 11 pounds 
of force. 

19. There are two basic kinds of friction: sliding and rolling. 

PROBLEM: 

20. Design an experiment to measure how you would measure the 
resistance of a rough surface sliding over a smooth surface 
and how much resistance when two smooth surfaces slide 
over each other. All other factors are equal. 
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AVIATION TEST 

MULTIPLE CHOICE: 

1. The force of air acts in: 
( a )  o n e  d i r e c t i o n  -  d o w n  ( b )  t w o  d i r e c t i o n s  -  u p  a n d  d o w n  
( c )  t h r e e  d i r e c t i o n s  -  u p ,  d o w n ,  s i d e w a y s  ( d )  a l l  d i r e c t i o n s .  

2. Where would air pressure be the greatest? 
( a )  M t .  L e m m o n  ( b )  T u c s o n  ( c )  R o c k y  P o i n t  ( c )  D e a t h  
Valley - lowest point in U. S. 

3. In flight, there is less pressure on the 
( a )  b o t t o m  ( b )  t o p  ( c )  s i d e  ( d )  b a c k  o f  t h e  w i n g .  

4. What element is the most plentiful in the air? 
( a )  o x y g e n  ( b )  n i t r o g e n  ( c )  c a r b o n  ( d )  h e l i u m  

5. A dynamometer is an instrument that measures: 
( a )  d r a g  ( b )  t h r u s t  ( c )  l i f t  ( d )  g r a v i t y .  

6. The amount that a jet engine can pull or push is called: 
(a) thrust (b) drag (c) lift (d) weight. 

7. In the drawing below number 1 represents: 
( a )  d r a g  ( b )  l i f t  ( c )  t h r u s t  ( d )  g r a v i t y .  

8. In the drawing below number 2 represents : 
( a )  d r a g  ( b )  l i f t  ( c )  t h r u s t  ( d )  g r a v i t y .  

9. The name of an instrument that measures air pressure and 
therefore measures altitude is: 
( a )  a n n e m o m e t e r  ( b )  s p e e d o m e t e r  ( c )  a l t i m e t e r  
( d )  a l t i t u d i n o m e t e r .  
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10. Air moving over a surface at a fast rate of speed will cause: 
(a) drag (b) lift (c) thrust (d) gravity. 

COMPLETION: 

11. There would probably be less drag on an airplane at 
elevations. 

12. A propeller-driven airplane would probably work best at 
elevation. 

13. The temperature at which a liquid boils is directly related to 
the pressure on it. Water would boil at a 
temperature on Mt. Lemmon than here in Tucson. 

14. If you push an empty glass, open and down, into a pan of 
water only a certain amount of water can enter the glass. This 
illustrates that air 

15. The fact that you can blow up (inflate) a balloon illustrates 
that air 



134  

IDENTIFICATION: 

16. From the airplane drawn below identify the numbered parts. 
Write the answers on your paper under the appropriate 
number. 

17. 

1 8 .  

19, 

20.  

2 1 .  

22.  

23. 

^17 

.7J 
/ 

24. The plane will probably tend to do what? 
( a )  t u r n  l e f t  ( b )  t u r n  r i g h t  ( c )  n o s e  i n t o  a  d i v e  
(d) climb. 

25. The plane will probably tend to do what? 
( a )  n o s e  u p  ( b )  n o s e  d o w n  ( c )  n o s e  l e f t  ( d )  n o s e  r i g h t .  

26. The plane will probably tend to: 
( a )  dive ( b) climb ( c ) bank ( d) stall 

26 .  
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MAGNETISM AND ELECTRICITY 

Circle the letter which indicates the correct answer. 

1. Around every wire carrying electricity there is: 
( a )  i n s u l a t i o n  ( b )  f i e l d  o f  f o r c e  ( c )  h e a t  ( d )  n o n e  
of these. 

2. A compass points toward the: 
( a )  n o r t h  p o l e - g e o g r a p h i c  (  b )  n o r t h  p o l e  m a g n e t i c  
(c) north star-Polaris: (d) Catalina Mtns. 

3. The ends of a magnet are called its; 
( a )  t e r m i n a l s  ( b )  t e r m i n a t o r s  ( c )  p o l e s  ( d )  N ' s  a n d  

4, The strongest points of a magnet are at its; 
( a )  t e r m i n a l s  (  b )  m i d d l e  ( c )  p o l e s  ( d )  N ' s  a n d  S ' s .  

5. Which of the following magnets will possess the most 
strength: 

( d ) all the same. 

6. A compass pointing North does not point exactly the same as 
the North Star. This is because: 
( a )  t h e  c o m p a s s  p o i n t s  t o  a  p l a c e  i n  C a n a d a  c a l l e d  m a g n e t i c  
north ( b) the stars are moving (c) the north pole wanders 
(d) there is a geographical north and a north pole. 

7. There is around every magnet: 
( a )  i n v i s i b l e  l i n e s  o f  f o r c e  ( b )  a  p i e c e  o f  i n s u l a t i n g  m a t e r i a l  
( c )  a n  e l e c t r i c  c u r r e n t  ( d )  n o n e  o f  t h e  a b o v e .  

8. A natural magnet is called; 
( a )  t o u c h s t o n e  ( b )  l o d e s t o n e  ( c )  M a r i n e r ' s  s t o n e  
( d )  m a g n e t  s t o n e .  

S's. 

( a )  V  * 1  ( b )  ( c )  

9. There are how many kinds of magnets (basic types )? 
( a )  2  ( b )  1  ( c )  3  ( d )  4  
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10. Speaking about the ends of magnets we can say that: 
( a j  o p p o s i t e  e n d s  r e p e l  ( b )  l i k e  e n d s  r e p e l  ( c )  o p p o s i t e  
ends attract (d) like ends attract. 

11. In order to shield an object from the force of a magnet you 
should use : 
( a )  g o l d  ( b )  s t e e l  ( c )  g l a s s  ( d )  c e r a m i c .  

12. One way of destroying magnetism is: 
( a )  c o o l i n g  t h e  m a g n e t  i n  d r y  i c e  ( b )  s t r o k e  i t  w i t h  a n o t h e r  
magnet in one direction ( c ) heat it ( d ) put it in water. 

13. One of the following groups is attracted by a magnet. It is: 
(a) tin can, nail, rubber band (b) penny, nail, tin can 
(c) nail, tin can, bottle cap (d) glass, tin, zinc, rubber. 

14. When an atom loses electrons it has a: 
( a )  n e g a t i v e  c h a r g e  ( b )  p o s i t i v e  c h a r g e  ( c )  n e u t r a l  
charge (d) none of these. 

15. A type of electricity made by rubbing objects is called: 
( a )  s t a t i c  ( b )  c u r r e n t  ( c )  a l t e r n a t i n g  ( c )  d i r e c t .  

16. When we create an electric charge we do it by: 
( a )  a d d i n g  o r  r e m o v i n g  p r o t o n s  ( b )  a d d i n g  o r  r e m o v i n g  
electrons (c) neutralizing the positive charge (d) un
balancing the nucleus. 

17. Lightning is probably caused by: 
( a )  s p a r k  j u m p i n g  f r o m  e a r t h  t o  s k y  o r  v i c e  v e r s a  ( b )  G o d  
Thor hurling thunderbolts ( c ) thunder ( d ) up drafts of 
air. 

18. A good conductor is something that: 
( a )  l e a d s  e l e c t r o n s  a w a y  ( b )  k e e p s  e l e c t r o n s  i n  o n e  
place ( c ) leads protons away ( d) a man who forgets to 
take your money on a train. 

19. A type of electricity that is moving is called: 
( a )  s t a t i c  ( b )  c u r r e n t  ( c )  i n d i r e c t  ( d )  d i r e c t .  

20. An instrument, for detecting small amounts of electric cur
rent is called: 
( a )  e l e c t r o s c o p e  ( b )  e l e c t r o m e t e r  ( c )  g a l v a n o m e t e r  ( d )  s p e e d o 
meter. 
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21. Which, of the following is the best conductor? 
( a )  r u b b e r  b a n d  ( b )  s t r i n g  ( c )  d i s t i l l e d  w a t e r  
(d) vinegar. 

22. Which of the following is an acid? 
( a )  s a l t w a t e r  ( b )  v i n e g a r  ( c )  w a t e r  w i t h  s a l t  ( d )  b a k 
ing soda in water. 

23. Which of the following will cause an electric current to be 
produced? 
( a )  p e n n y  a n d  w o o d  ( b )  z i n c  s t r i p  a n d  c o p p e r  s t r i p  
( c )  r u b b e r  r o d  a n d  c o p p e r  s t r i p  ( d )  g l a s s  a n d  c o p p e r  
strip. 

24. The part of the dry cell which is said to be positive is the: 
(a) carbon center (b) zinc center (c) carbon casing 
( d )  z i n c  c a s i n g .  

25. The flow of electricity is from: 
( a )  l e f t  t o  r i g h t  ( b )  r i g h t  t o  l e f t  ( c )  p o s i t i v e  t o  n e g a t i v e  
(d) negative to positive. 

26. Cutting the field of magnetic force with a wire will cause: 
(a) current to flow in the wire (b) current to flow in a 
magnet (c) the magnet to become weaker (d) none of the 
three. 

27. An "open" draw bridge and an "open" circuit: 
( a )  b o t h  a r e  f o u n d  o n  l a n d  ( b )  b o t h  m u s t  b e  c l o s e d  i n  o r d e r  
to permit flow ( c ) an open draw bridge is really open and 
an open circuit is really a closed circuit ( d) an open draw 
bridge is really a closed draw bridge and an open circuit is 
really an unworking circuit. 

28. In the following set up what will happen if light "A" is broken: 
( a )  n o t h i n g  b e c a u s e  e l e c 

tricity can still flow 
from the other end of 
battery 

( b )  n o t h i n g  b e c a u s e  " B "  
works independently of 
"A" 

(  c )  Light "B" will go out if it 
were lit 

( d )  l i g h t  " B "  w i l l  g r o w  d i m  b e c a u s e  o f  l e a k i n g  e l e c t r i c i t y  a t  " A "  
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29. A silent switch is really a: 
( a) switch that is broken (b ) a switch that has been well 
lubricated ( c ) a switch that works upon the conduction of 
electricity through a liquid ( d) a switch that depends upon 
conduction through metal springs which snap into position. 

30. The instrument light dimmer on the dashboard of the car 
works on the principle of: 
( a )  i n c r e a s i n g  r e s i s t a n c e  i n  a  w i r e  ( b )  i n c r e a s i n g  v o l t 
age (c) increasing speed in miles per hour (d) de
creasing resistance. 
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CHEMISTRY TEST 

For the following compounds write the correct name. For the 
names write the formula. 

1. HC1 
2. NH4OH 
3. NaCl 

4* C12H22°11 

5. Manganese dioxide 9. FeS 
6. Sulphuric acid 10. HgO 
7. Carbon dioxide 
8. Ethyl alcohol 

For the element given give the symbol. For the symbol give the 
element. 

1 1 .  
1 2 .  
13. 
14. 
15. 
1 6 .  

Ca 
C 
Chlorine 
Cu 
Ba 
Mercury 

17. Silver 
18. Hydrogen 
19. Zinc 
20. Potassium 
21. N 
22. Pb 

23. A1 
24. Sodium 
25. Iodine 
2 6. Sulphur 
27. Mg 
28. He 

29. A material which is a pure substance and cannot be divided in 
to any other substance by ordinary means is a ( an) ___________ 

30. An acid tastes 

31. A base tastes 

32. Red litmus paper turns 

33. Blue litmus paper turns 

in a 

in a 

34. A is the smallest quantity of a material 
that can exist and still be that material. Take for example 
sugar. 

35. In the flame test, if „something turns red you know the ele
ment was 

36. In the flame t&.s.tj. . .if. so.m&tMQg .turns yellow you know the 
element was 

37. In the flame test, copper gives a flame. 
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38. In the flame test, a lavender-blue color is caused by . 

39- If something has a pH of 1 it is known to be a strong . 

40. If something has a pH of 14 it is known to be a strong . 

41. If something has a pH of 7 it is known to be a . 

42. A material changes into another material with different 
characteristics in a: 
( a )  c h e m i c a l  c h a n g e  ( b )  p h y s i c a l  c h a n g e  ( c )  s y n t h e t i c  
change (d) natural change. 

43. One of the chemical properties of water is that it: 
( a )  b o i l s  a t  2 1 2  d e g r e e s  ( b )  f r e e z e s  a t  3 2  d e g r e e s  ( c )  i s  
colorless (d) none of these. 

44. On the centigrade scale the boiling point of water is: 
(a) 100 degrees (b) 32 degrees (c) 212 degrees 
(d) none of these. 

45. The correct symbols for the decomposition of mercuric oxide 
are: 
( a )  H g O  >  H g  +  0  ( b )  C u S O ^  +  F e  - - - >  F e S O ^  +  C u  

( c )  F e  +  S  >  F E s  ( d )  H g  +  O  H g O  

46. The first person to see the atom was: 
( a )  E i n s t e i n  ( b )  S t e i n m e t z  ( c )  T e l l e r  ( d )  n o n e  o f  t h e m .  

47. To test a material for starch a chemist will use: 
( a )  m e r t h i o l a t e  ( b )  m e r c u r o c h r o m e  ( c )  f l a m e  t e s t  
( d ) iodine , 

48. The arrow in a chemical equation most correctly means: 
(a) equals (b) yields (c) gives (d) produces. 

49. The rusting of iron is an example of: 
( a )  c o m b i n a t i o n  ( b )  d e c o m p o s i t i o n  ( c )  r e p l a c e m e n t  
( d )  n o n e  o f  t h e s e .  

50. When a glowing splint is dipped into a tube of oxygen the splint 
will: 
( a )  b u r s t  i n t o  f l a m e  ( b )  c a u s e  a  v i o l e n t  e x p l o s i o n  (  c  )  g o  o u t  
(d) turn milky. 
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51. When a glowing splint is dipped into a tube of pure hydrogen 
the hydrogen will: 
( a )  c a u s e  t h e  s p l i n t  t o  i g n i t e  a g a i n  ( b )  b u r n  ( c )  c a u s e  
a violent explosion ( d) turn to water. 

52. When a glowing splint is dipped into carbon dioxide the splint 
will: 
( a )  i g n i t e  a g a i n  ( b )  g o  o u t  ( c )  c a u s e  a  v i o l e n t  e x p l o s i o n  
(d) none of these. 

53. One method of producing carbon dioxide is by: 
( a ) action of an acid on a carbonate (b) action of an acid on 
a base like ammonium hydroxide ( c ) sodium hydroxide on 
marble (d) action of hydrochloric acid on sodium chloride. 

54. One method of producing oxygen is: 
( a )  d e c o m p o s i t i o n  o f  h y d r o g e n  p e r o x i d e  ( b )  h e a t i n g  i r o n  
and sulfur { c ) taking the gas from the negative side of an 
electrolysis apparatus (d) none of these. 

55. In order to evaporate something you must: 
( a ) add heat to it (b ) take heat from it ( c ) cool it ( d ) stir 
it. 

56. Hydrogen and oxygen mixed in the proportion of two to one will 
( a) explode when ignited (b) turn to water ( c ) burn 
quietly (d) put out a flame if poured over it. 
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GEOLOGY TEST 

True and False 

1. The Continental Shelf is wider on the Pacific than on the 
Atlantic. 

2. Where the Continental Slope drops off is the beginning of the 
Continental Shelf. 

3. As a general rule there is more water than land. 

4. There is generally thought to be basalt under the ocean while 
under the land is granite. 

5. Basalt is an example of a metamorphic rock. 

6. In sedimentary rock the oldest layer is usually on top. 

7. Earthquakes cause most faults in the land. 

8. The San Andreas fault caused the San Francisco earthquake. 

9. The angle of repose refers to a hill 's steepness. 

10. Mountains are caused by at least three different forces of 
nature. 

Completion: 

11. The four major forces that destroy mountains are: wind, water, 
ice and . 

12. Ridges at the end of glaciers are called . 

13. The great lakes were created by . 

14. If the drawing on the board represents the last two stages of a 
river valley ( as seen in cross section of the land), you will 
draw the first stage. 
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15. The load of sediment dumped by a river as it enters a larger 
body of water forms a ( an ) .  

16. A type of lake formed by a meandering river as it cuts a 
new channel .  

17. Much of Tucson is laid out in mile sections. 

18. numbers of houses are on the side 
of the street. 

19- It is 10:00 am. The shadow of the sun is running down the 
hour hand. At what number is North? 

20. On topographic maps all points on a contour line, are of the 
same . 

WRITE THE LETTER OF THE MOST CORRECT ANSWER: 

21. The name given to a topographic map of a certain area is 
called a: 
( a )  q u a d r a n g l e  ( b )  r e c t a n g l e  ( c )  t a n g l e  ( d )  s e c t i o n .  

22. Lines on a topographic map are closest together on: 
( a )  g e n t l e  s l o p e  ( b )  s t e e p  h i l l  ( c )  f l a t  p l a i n  ( d )  d e p e n d  
on the scale. 

23. An instrument for detecting certain non-radioactive minerals 
is a: 
( a )  g e i g e r  c o u n t e r  ( b )  s p i n t h a r i s c o p e  ( c )  m i n e r a l  l i g h t  
(d ) ultra-violet light. 

24. Which one of the following minerals will glow in the dark and 
give a blue-white color? 
( a )  s c h e e l i t e  ( b )  i r o n  ( c )  c u p r i t e  ( d )  p e t r o l e u m .  

25. Contour lines on a topographic map: 
( a )  c u r v e  u p h i l l  a s  t h e y  c r o s s  a  s t r e a m  ( b )  c u r v e  d o w n 
hill ( c ) do not curve (d) become thicker as they cross 
a stream. 

26. The largest division of an area is: 
( a )  s e c t i o n  ( b )  t o w n s h i p  ( c )  a c r e  ( d )  c l a i m .  



144 

27. A Guyot is: 
( a )  a  f l a t  t o p p e d  m o u n t a i n  o n  l a n d  (  b )  a  l i z a r d  i n  S o u t h  
America ( c ) a flat topped mountain in the sea ( d) a 
volcanic island. 

28. The direction "north" is usually on what part of the map? 
(a) top (b) bottom (c) side (d) depends upon the 
map maker. 

29. The validity of a mining claim depends upon: 
( a )  t h e  p r u d e n t  m a n  c o n c e p t  ( b )  t h e  m e r e  p r e s e n c e  o f  a  
mineral ( c ) the establishment of $100 assessment work 
( d ) the place where filed. 

30. The best way to obtain complete right to a claim is to: 
(a) patent it ( b) insure title ( c) develop mineral 
( d ) lease the land. 

31. The two main types of claims are: 
( a )  p l a c e r  a n d  m i l l  s i t e  ( b )  p l a c e r  a n d  t u n n e l  
(c) placer and lode (d) lode and prospect. 

32. Arizona is located in the: 
( a )  b a s i n  a n d  r a n g e  p r o v i n c e  f  b )  P a c i f i c  P a l i s a d e s  a r e a  
province (c) California Gulf coast province (d) Rocky 
Mountain province. 

33. The outer shell of the earth is called: 
( a )  b a s a l t  ( b )  c r u s t  ( c )  m a n t l e  ( d )  m o h o l e .  

34. The mineral which is most common is: 
( a )  q u a r t z  ( b )  c a l c i t e  ( c )  h o r n b l e n d e  ( d )  f e l d s p a r .  

35. If something bubbles with HCl you know it must be: 
( a )  i g n e o u s  r o c k  ( b )  m a d e  o f  c a r b o n a t e s  ( c )  m e t a -
morphic rock (d) basalt. 
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36. On the hardness scale if something is harder than 5 and less 
than 7 it must be: 
( a )  c a l c i t e  ( b )  a p a t i t e  ( c )  f e l d s p a r  ( d )  q u a r t z  

37. A mineral has a dry weight of 6 gms and wet of 3 gms. Its 
specific gravity is : 
( a )  2  ( b )  2 . 5  ( c )  3  ( d )  n o n e  o f  t h e s e .  

38. The land is as an average: 
( a )  1 / 4  a s  h i g h  a s  t h e  o c e a n  i s  d e e p  ( b )  1 / 5  ( c )  1 / 6  
(d) 1/3. 

39. -48. Identify the physiographic provinces outlined on the map 
(page 146). 
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APPENDIX C 

PROBLEM 

This commercial has appeared on television many times. I thought 
it would be a good one for you to consider. 

Use your most scientific attitude and discuss the following two 
sentences from a television commercial. 

Woman's voice: "What is best for acid indigestion? " 

Man's voice: "Millions of people use CENSORED." 
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Name Period 

a 

PROBLEM: Balance the stick. Move only pile "B". All divisions 
on stick are the same length. 
Each coin in pile A and B are the same weight. The 
piles, of course, are of different weight. 

PROCEDURE: Use an arrow to show where you'd move "B". 

THEN draw "B" exactly where you'd place it. 
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APPENDIX D 

ASSESSMENT OF METHOD QUESTIONNAIRE 

1. The thing I liked best about this course 

2. The thing I didn't like the most was 

3. The teacher's attitude toward the class the entire year was 

4. The teacher's attitude toward me the entire year was 

5. About the scientific method I believe 

6. Working on our own (periods II and VIII only) 

7. The problems we had to do 

8. If I were teaching this course 
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9. Tlxe science projects 

10. The term paper 

11. The homework 

12. Grades were 

13. Discipline was 
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EXPLANATION OF CATEGORIES USED IN 
TABLES XII, XIII, XIV AND XV 

(pages 153 to 160) 

Test 1 Stanford Achievement Test-Reading 
results expressed in stanines. 

Test 2 Otis Test of Mental Maturity, re stilts 
expressed in stanines. 

Test 3 Sequential Test of Educational Progress, 
( 1 ) pre-test results expressed in stanines. 
(2 ) post-test 

Test 4 Purdue Master Attitude Scale-Attitude 
( 1 ) pre-test " Toward Any School Subject, results 
( 2 ) post-test expressed in raw scores. 

Test 5 Stanford Achievement Test-Science, re-
( 1 ) pre-test suits expressed in percentiles. 
( 2 ) post-test 

Test 6 Watson Glaser Critical Thinking Appraisal, 
( 1 ) pre-test results expressed in raw scores. 
( 2 ) post-test 

Test 7 Stanford Achievement Test-Study Skills, 
( 1 ) pre-test results expressed in raw scores. 
( 2 ) post-test 

Test 8 Teacher-made Living Things test, re-
( 1 ) pre-test suits expressed in raw scores. 
( 2 ) post-test 

Test 9 Teacher-made Chemistry test, results 
( 1 ) pre-test expressed in raw scores. 
( 2 ) post-test 

Test 10 Teacher-made Lever test, results ex-
( 1 ) pre-test pressed in raw scores, 
( 2 ) post-test 
{ 3 ) retention test 
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Test 11 Teacher-made Airplane test, results 
{ 1 ) pre-test expressed in raw scores. 
( 2 ) post-test 
( 3 ) retention test 

Test 12 Teacher-made Electricity and Magne-
( 1 ) pre-test tism test, results expressed in raw 
( 2 ) post-test scores. 
( 3 ) retention test 

Test 13 Teacher-made Geology test, results 
expressed in raw scores. Post-test 
only. 
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TABLE XII 

STATISTICAL DATA FOR BOYS IN 
THE EXPERIMENTAL GROUP 

Stu Test Test Test 3 Test 4 Test 5 Test 6 Test 7 
dent Age 1 2 (1) ( 2 )  (1) (2) (1) (2) (1) (2) (1) (2) 

1 14. 09 7 6 6 7 7 .  5  8 . 5  75 85 62 50 38 35 
2 12. 02 6 8 5 6 8 . 5  8 .  1  70 60 57 56 39 35 
3 14. 01 5 5 6 9 5 .  5  8 . 7  70 95 57 68 41 41 
4 12. 11 7 7 6 7 8 . 9  8 . 1  75 85 56 68 38 33 
5 13. 04 7 6 8 9 8 . 5  8 . 1  85 98 55 63 37 35 

6 13. 04 7 6 5 6 8 . 3  6 . 3  65 75 58 51 40 40 
7 14. 03 3 4 4 4 8 . 1  8 .  9  5 20 51 52 21 28 
8 13. 05 9 8 8 9 6 . 5  2 . 3  80 90 65 75 45 47 
9 13. 02 6 5 6 6 6 .  5  8 . 9  86 98 43 55 33 35 

10 13. 02 7 8 9 9 8 . 5  8 . 5  98 98 62 70 43 42 

11 12. 02 8 8 5 7 6. 5 9. 1 65 95 74 60 43 40 
12 12. 00 4 5 3 6 5 . 5  7 . 7  35 77 59 49 41 33 
13 13. 05 8 8 6 8 6 . 5  8 . 5  80 60 61 66 48 46 
14 13. 00 5 6 5 7 8 .  1  7 . 7  75 72 54 58 44 45 
15 13. 02 6 6 9 9 6 .  3  7 . 9  95 95 55 60 41 41 

16 13. 05 7 8 9 8 8 . 9  8 .  7  85 85 46 52 40 40 
17 12. 10 9 8 5 8 8 . 1  6 . 0  80 80 61 61 46 44 
18 13. 08 7 6 7 9 8 .  5  4 . 7  ' 70 80 56 69 •37 41 
19 13. 01 9 6 8 8 9 . 2  6 .  5  90 95 58 69 42 47 
20 12. 12 6 6 6 6 7 .  3  6 . 5  30 41 39 55 34 33 

21 12. 11 9 8 9 9 7 . 7  8 . 1  97 98 71 74 48 44 
22 13. 01 6 7 6 9 8 .  9  8 . 3  80 90 53 59 34 38 
23 12. 09 6 6 5 6 8 . 1  7 . 5  90 85 39 60 37 41 
24 14. 05 4 4 4 4 7 . 0  8 . 1  35 25 48 39 18 27 
25 13. 07 6 5 5 7 2 . 2  6 .  5  65 55 36 57 24 31 

26 12. 07 9 9 8 7 8 . 1  8 . 7  90 95 64 59 40 45 
27 12. 11 7 6 7 8 8 .  3  8 . 5  80 80 58 59 41 45 
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TABLE XII --  Continued. 

Stu- Test 8 Test 9 Test 10 Test 11 Test 12 Test 
dent (1) (2) (1) (2) (1) (2) (3) (1) (2) (3) (1) (2) (3) 13 

1 16 22 12 22 6 9 12 14 21 21 11 22 23 19 
2 9 20 5 20 5 10 13 12 13 15 15 20 24 22 
3 16 21 6 12 6 16 .8 16 23 10 17 25 27 33 
4 15 21 8 29 2 6 7 13 22 20 11 20 21 17 
5 13 28 15 26 8 12 13 20 24 21 17 19 20 29 

6 9 25 7 38 3 11 11 12 22 17 11 21 20 30 
7 11 11 3 2 3 6 4 10 14 13 10 16 14 15 
8 16 29 13 38 8 13 13 19 24 18 20 22 24 36 

9 8 20 6 14 3 10 9 12 27 18 14 22 16 21 
10 16 25 25 41 8 18 19 18 20 21 18 26 23 35 

11 7 19 9 17 3 11 16 11 15 17 7 22 17 * 17 
12 12 15 6 18 4 7 7 13 20 16 11 19 23 20 
13 11 33 3 39 1 9 8 19 21 16 15 23 23 30 
14 9 13 11 17 5 14 12 16 18 19 19 26 27 15 
15 11 25 7 25 3 13 11 15 21 17 13 21 22 34 

16 11 24 9 19 7 17 19 15 23 19 17 24 22 31 
17 19 30 7 24 3 19 18 16 22 23 9 19 20 37 
18 8 23 6 19 4 20 16 6 22 12 14 23 22 22 
19 15 26 11 31 11 15 15 21 23 20 16 23 27 38 
20 11 12 4 16 5 11 8 14 19 16 14 10 16 24 

21 21 23 20 45 10 20 19 22 25 23 16 26 27 36 
22. 11 21 8 29 6 14 15 14 19 19 10 20 20 38 
23 11 27 7 25 3 10 3 15 23 15 15 19 22 31 
24 9 16 2 4 4 15 4 12 13 15 8 15 14 26 
25 11 23 1 13 4 9 15 12 17 15 10 12 16 21 

26 15 26 12 43 3 14 7 12 21 20 19 24 22 41 
27 17 23 12 34 2 12 19 14 23 19 10 22 22 36 
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TABLE XIII 

STATISTICAL DATA FOR GIRLS IN 
THE EXPERIMENTAL GROUP 

Stu Test Test Test 3 Test 4 Test 5 Test 6 Test 7 
dent Age 1 2 ( 2 )  (1) (2) (1) ( 2 )  (1) ( 2 )  (1) ( 2 )  

1 13. 11 8 7 4 4 7 . 9  6. 5 16 25 39 41 31 38 
2 13. 03 8 8 8 9 8 . 7  6. 5 90 95 71 72 42 43 
3 13. 00 7 7 6 7 8. 5 8. 5 80 90 59 62 44 41 
4 13. 00 9 8 7 8 8. 5 9 . 2  90 95 62 65 46 48 
5 13. 05 5 7 5 6 8. 3 8. 7 26 45 43 53 29 37 

6 13. 08 6 7 6 8 8. 7 8. 5 90 85 58 59 32 38 
7 13. 00 4 6 5 6 8. 1 8. 9 40 45 59 63 32 39 
8 13. 11 9 8 8 9 8. 3 8. 7 95 95 66 67 43 43 
9 13. 05 5 5 6 5 8. 5 6. 6 50 30 56 62 39 4,1 

10 13. 05 7 6 6 7 8. 5 8. 9 85 90 56 65 37 40 

11 13. 09 6 7 7 6 8. 3 8. 1 60 75 50 55 40 44 
12 13. 06 8 6 5 5 8. 1 8. 9 45 45 55 59 36 29 
13 13. 03 8 7 7 9 8. 3 8. 1 95 77 48 57 33 43 
14 12. 08 9 9 9 9 8. 1 9 - 2  99 99 78 72 49 47 
15 13. 07 7 7 6 8 6. 0 6. 5 85 77 63 65 40 46 

16 13. 05 7 8 5 6 8. 3 8. 1 75 65 53 59 42 42 
17 13. 06 8 8 6 7 6. 0 6. 5 70 90 53 55 39 43 
18 12. 11 8 9 7 8 8 . 9  7. 3 80 95 62 68 34 38 
19 13. 06 6 6 6 4 6. 5 8. 9 45 61 52 55 33 33 
20 13. 04 7 7 6 7 7. 1 8. 5 70 85 61 71 37 48 

21 13. 00 8 8 6 7 7. 1 7. 9 70 90 68 59 46 44 
22 12. 07 8 8 6 7 8. 5 6. 0 40 50 50 57 38 40 
23 13. 02 7 7 8 7 7. 7 8. 1 75 45 61 68 40 39 
24 13. 02 9 9 8 9 7.-5 8. 1 96 98 81 78 43 47 
25 13. 08 7 7 6 5 8. 1 8 . 9  65 65 64 63 44 44 

26 12. 10 9 8 7 7 7. 1 8. 5 95 85 65 69 44 45 
27 14. 02 7 6 5 8 8. 3 8. 1 70 80 57 57- 25 35 
28 13. 07 7 6 4 6 7 . 7  6. 0 65 60 48 51 34 33 
29 13. 06 7 8 5 6 8. 5 8. 5 45 45 63 66 42 45 
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TABLE XIII--Continued. 

Stu- Test 8 Test 9 Test 10 Test 11 Test 12 Test 
dent (1) (2) (1) ( 2 )  (1) ( 2 )  ( 3 )  (1) (2) ( 3 )  (1) ( 2 )  ( 3 )  13 

1 9 15 3 8 5 7 13 4 17 11 13 14 14 15 
2 20 30 11 50 4 14 13 15 20 18 20 25 29 36 
3 10 23 2 26 0 8 7 13 19 13 14 20 23 22 
4 22 32 9 42 7 18 17 15 23 17 13 26 25 39 
5 8 18 8 11 2 3 7 10 19 13 6 21 20 41 

6 11 17 8 14 4 6 6 12 14 13 14 19 20 19 
7 5 22 4 28 6 8 6 12 16 13 10 21 21 23 
8 16 33 12 40 3 10 10 16 22 14 11 24 21 39 
9 12 16 7 13 4 9 10 13 15 13 7 21 22 23 

10 17 28 7 29 5 10 10 13 20 12 16 22 18 26 

11 14 26 11 41 4 14 7 11 21 16 10 19 17 26 
12 15 21 3 35 4 5 9 11 19 16 10 30 19 28 
13 20 28 9 30 " 5 6 7 12 18 17 20 24 25 25 
14 21 34 22 44 11 18 18 8 25 21 18 28 28 40 
15 7 25 11 40 5 5 8 13 22 15 11 40 17 36 

16 10 24 13 38 5 13 9 10 19 15 13 38 25 33 
17 8 23 4 38 4 15 4 12 19 15 4 38 16 29 
18 10 21 6 19 2 12 9 11 18 14 6 19 27 17 
19 18 19 3 15 1 11 8 11 14 12 3 15 15 21 
20 17 32 4 37 3 15 12 12 22 15 4 37 23 35 

21 9 27 7 45 4 17 14 9 16 14 7 45 19 37 
2 2 - 8 24 6 32 5 16 7 14 19 17 6 32 19 36 
23 9 21 7 21 3 15 12 8 15 12 7 21 19 29 
24 13 31 9 53 6 18 15 4 26 20 9 53 23 37 
25 9 28 7 39 5 10 15 12 20 13 7 39 22 37 

26 18 25 6 45 2 16 14 17 20 17 6 45 23 42 
27 9 21 8 35 4 10 7 13 16 9 8 35 17 20 
28 16 22 10 15 5 6 12 12 17 15 10 15 19 21 
29 11 24 9 45 6 15 6 8 18 13 9 45 22 42 
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TABLE XIV 

STATISTICAL DATA FOR BOYS IN 
THE TRADITIONAL GROUP 

Stu Test Test Test 3 Test 4 Test 5 Test 6 Test 7 
dent Age 1 2 (!) (2) (1) (2) (!) (2) (1) (2) (1) (2) 

1 13. 10 7 6 7 6 6 . 8  6. 5 85 80 49 64 24 26 
2 12.09 6 7 5 5 8. 5 8. 7 70 90 51 50 25 21 
3 12. 10 7 8 7 8 6. 5 8. 5 95 90 55 53 36 40 
4 13. 00 5 6 5 5 8. 1 8. 5 65 45 56 51 28 32 
5 12. 10 9 9 9 9 8. 3 8. 3 99 98 66 52 43 41 

6 12. 09 7 7 6 6 8. 5 8. 5 60 55 56 62 40 40 
7 13. 11 6 5 6 6 8. 3 6. 5 70 90 45 59 29 44 
8 13. 01 7 6 . 3 5 8. 5 6. 5 35 15 59 56 32 31 
9 

o
 

o
 

CO r-H 

7 8 8 9 6. 5 5. 5 90 90 56 60 43 42 
10 12. 03 7 7 5 4 6. 0 7. 0 45 30 54 58 33 33 

11 15. 00 5 3 4 3 5. 6 7. 3 20 30 49 45 16 23 
12 13.00 6 6 4 5 8. 5 6. 2 35 45 53 51 20 22 
13 13.09 6 6 9 8 7. 5 6. 5 99 98 51 59 35 44 
14 14. 00 3 4 5 5 6 . 2  8. 5 2 25 41 49 35 37 
15 13. 08 8 7 6 6 8. 1 8. 5 85 80 59 60 43 46 

16 13. 09 7 6 6 7 8. 1 9 . 2  85 75 60 60 33 38 
17 12. 11 8 8 8 9 8. 1 8. 3 90 99 57 69 41 47 
18 13. 06 9 9 6 9 8. 5 8. 5 85 81 70 79 42 45 
19 11. 09 9 9 8 9 8. 5 6. 5 98 95 59 62 48 46 
20 13. 01 8 8 7 9 6. 0 8. 1 85 95 62 65 43 43 

21 12. 10 7 7 3 5 8. 1 7. 5 50 75 50 57 35 36 
22 12. 11 9 8 7 9 8. 3 8. 5 96 97 56 60 38 39 
23 1 3 . 0 7 .  7 7 8 9 8. 5 8. 5 90 99 66 67 44 42 
24 12. 09 7 6 5 4 8. 5 8. 5 50 60 46 49 33 22 
25 13. 01 9 8 9 9 8. 7 6. 0 92 99 57 62 39 44 

26 12. 09 6 5 4 4 7. 7 8. 1 60 50 43 54 32 37 
27 12. 10 8 8 9 9 8. 1 6. 5 95 98 59 58 43 40 
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TABLE XIV- -  Continued. 

Stu- Test 8 Test 9 Test 10 Test 11 Test 12 Test 
dent (1) (2) (1) (2) (1) (2) (3) (1) (2) (3) (1) (2) (3) 13 

1 13 26 6 15 5 11 9 17 18 17 15 24 24 17 
2 9 25 10 26 5 16 13 14 19 16 12 25 21 24 
3 10 29 26 43 5 20 19 17 21 22 9 22 20 36 
4 9 24 18 26 5 12 12 17 16 14 16 20 27 23 
5 22 33 16 30 11 19 15 26 25 26 20 26 27 26 

6 18 30 20 43 4 17 19 19 24 21 14 24 26 37 
7 9 22 4 12 2 14 12 17 19 17 13 23 24 24 
8 6 24 6 21 3 13 11 13 16 19 10 22 17 29 
9 15 27 19 35 8 17 18 16 22 21 14 28 26 29 

10 15 29 14 43 4 14 11 16 24 23 11 23 13 34 

11 7 12 6 12 5 7 9 13 16 17 11 20 16 17 
12 5 24 21 14 6 7 6 12 18 14 12 19 19 19 
13 17 28 34 20 1 18 17 19 21 16 17 26 28 34 
14 7 25 7 32 4 11 12 5 15 24 7 15 20 33 
15 15 29 5 45 6 18 17 20 22 20 17 27 22 33 

16 10 25 4 18 6 14 15 14 24 12 17 22 18 17 
17 25 30 20 40 6 18 16 18 20 25 20 25 26 28 
18 21 30 13 35 6 17 11 17 22 22 20 27 27 28 
19 24 31 28 46 8 20 18 23 24 24 24 29 27 39 
20 18 30 12 45 8 18 19 14 24 25 15 25 25 25 

21 16 28 3 31 4 15 8 16 24 23 13 23 22 28 
22 16 29 7 31 8 15 16 14 25 23 18 27 24 31 
23 24 30 11 30 7 18 13 22 23 23 15 24 19 18 
24 9 18 3 26 8 14 7 13 14 14 11 24 20 29 
25 22 29 12 41 6 16 13 24 26 25 20 27 25 23 

26 21 20 6 25 
27 12 26 5 36 

4 7 11 17 22 21 17 27 20 35 
6 18 16 18 24 24 17 26 26 20 
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TABLE XV 

STATISTICAL DATA FOR GIRLS IN 
THE TRADITIONAL GROUP 

Stu Test Test Test : 3 Test 4 Test 5 Test 6 Test 7 
dent Age 1 2 (1) (2) (1) (2) (!) ( 2 )  (1) (2) (1) ( 2 )  

1 12. 11 9 9 8 9 7. 1 8. 3 90 98 77 82 39 42 
2 12. 11 8 8 8 8 8. 1 8. 5 98 90 69 68 42 42 
3 14. 00 7 6 5 5 7. 5 9 . 2  70 80 56 51 38 21 
4 12. 01 9 9 9 8 7. 3 9 . 4  97 98 60 62 44 45 
5 13. 02 6 5 6 7 7 . 7  8. 1 70 80 55 62 30 39 

6 12. 02 8 7 7 7 8. 1 8. 1 65 65 63 51 44 45 
7 13. 07 9 8 6 8 7. 9 7. 7 75 95 60 66 39 41 
8 14. 10 4 5 5 5 6. 5 6. 5 14 10 50 43 32 33 
9 12. 11 8 9 5 8 6 . 8  8. 9 50 80 59 55 44 46 

10 12. 01 7 6 5 7 7 . 9  9 . 4  65 65 54 62 32 32 

11 13. 07 8 6 6 9 8. 1 6. 8 97 95 59 64 40 45 
12 13. 07 4 5 5 5 8. 5 8. 5 30 50 50 60 37 30 
13 13. 03 9 8 9 9 7. 1 6. 5 98 98 58 67 44 47 
14 12. 09 6 6 6 7 7. 7 6. 0 55 61 61 52 35 40 
15 13. 06 7 7 6 7 8. 5 8. 5 85 80 68 61 35 37 

16 12. 05 7 8 6 7 7. 1 8. 5 60 55 59 57 48 47 
17 12. 09 8 7 6 7 8. 5 8 . 9  90 98 54 56 28 33 
18 13. 01 4 4 3 5 7. 3 7. 7 20 40 52 55 30 34 
19 12. 03 7 7 6 7 8. 5 9 - 4  80 80 61 57 35 36 
20 12. 09 9 8 7 7 7. 1 8. 5 85 90 55 60 39 42 

21 13. 07 6 9 9 9 7 . 9  8. 5 70 95 63 65 41 45 
22 13. 06 7 8 7 8 7. 5 6. 5 80 90 55 50 40 40 
23 12. 02 6 6 7 7 8 . 9  7 - 5  65 90 33 59 38 40 
24 13. 03 6 6 5 4 8. 1 8 . 9  35 85 51 52 32 43 
25 13. 06 8 6 6 7 8. 7 8. 1 85 95 53 52 33 38 

26 13. 08 7 7 6 6 6. 5 7. 5 55 75 63 60 36 46 
27 13. 00 5 6 4 3 8. 5 6. 5 15 15 49 45 16 35 
28 13. 04 9 8 8 9 8. 3 6. 0 95 99 63 62 45 44 
29 13. 04 7 5 5 4 8. 7 6. 0 45 50 43 52 23 26 
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TABLE XV--Continued. 

Stu- Test 8 Test 9 Test 10 Test 11 Test 12 Test 
dent (1) (2) (1) (2) (1) (2) (3) (1) (2) (3) (1) (2) (3) 13 

1 14 33 29 49 2 19 19 16 21 21 16 26 28 41 
2 16 28 27 41 5 18 15 15 20 15 13 27 23 35 
3 14 29 8 17 3 11 10 5 16 11 9 18 14 25 
4 19 28 22 35 5 13 11 14 21 16 16 23 24 38 
5 14 26 11 32 4 11 13 16 19 18 13 27 22 24 

6 9 24 10 34 5 15 11 11 18 11 14 22 15 31 
7 17 30 16 43 6 19 16 15 22 16 13 21 19 38 
8 17 29 23 33 5 7 10 13 14 15 12 22 22 29 
9 16 30 16 36 4 18 18 14 18 16 12 24 22 33 

10 11 22 15 35 1 12 13 10 18 19 12 17 24 15 

11 16 29 12 36 5 19 19 14 19 15 10 25 24 29 
12 11 23 34 18 3 8 8 4 16 12 13 17 15 26 
13 25 33 30 50 5 20 20 19 22 23 23 26 29 43 
14 12 29 11 37 3 13 10 15 22 17 12 24 18 36 
15 9 28 22 18 3 9 10 13 17 10 12 20 15 22 

16 9 26 23 42 4 18 18 15 17 18 17 23 22 35 
17 17 28 11 28 2 16 12 15 25 21 14 24 21 34 
18 13 21 11 16 3 12 9 10 18 17 9 17 10 11 
19 11 24 2 33 5 15 11 13 19 20 19 23 22 26 
20 14 26 17 22 9 19 13 17 24 14 17 20 21 21 

21 17 30 9 31 3 17 16 10 20 15 12 24 23 30 
22 18 30 5 24 7 16 14 16 22 23 17 21 24 33 
23 10 27 12 21 5 16 14 12 15 13 13 23 20 31 
24 9 24 8 9 4 12 12 10 20 19 8 23 15 26 
25 15 28 3 31 6 13 12 10 15 10 16 19 19 25 

26 18 28 5 37 10 13 7 3 23 15 9 22 20 36 
27 12 29 6 15 6 11 6 5 16 8 8 17 14 15 
28 16 34 18 37 6 17 17 16 24 21 17 28 30 34 
29 10 19 5 19 4 9 8 11 16 15 14 17 13 15 
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