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PREFACE 

The work reported in.this.investigation was performed·in four 

junior high schools in.Oklahoma. The primary objective of this study 

was to investigate understandings of science.as they are fostered by 

the new: programs in sc.ience.at the junior high school leveL The·re­

sultant · recommendations. and the techniques used in the study should 

provide the ha.sis .. for further inyestigations, in this area. 

I .. am especially grateful to Dra Kenneth E. Wiggins, my.supervisor 

and thesis adviser, for his advice and encouragement which made.this 

study possible. 

I wish to thank Dr, Jacob W. Blankenship, Dr. William D. Frazier, . 

Dr. Gene L. Post, and Dr. Alex .R. Ro~s for their assistance.as members 

of my advisory committee. 

To all others wl).o assisted directly or indirectly in._this.inve$ti-. 

gation, !,wish .to express sincere.appreciation. 
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CHAPTER I 

INTRODUCTION 

Background of the Study 

In recent years there has bee.n a dynamic shift occurring in the 

types of science courses taught at the junior high school level. The 

need for a new approach to science·teaching at.this level, however, was 

advocated in the K~l2 program as early as 1947 (1). Perhaps the launch-

ing of the first Russian satellite did have some effect on.the curricu-

lum changes that we are witnessing today in all the science instruc-

tional areas, but the change, in part, was based on the actual need 

for curriculum revision .in all areas of our present public school 

system (2, 3). 

The explosion of knowledge along wit.h the population explosion has 

placed an ever increasing demand on our public .schools in their effort 

to give each student the best education possible. 

Hurt (4) has made an interesting observation concerning the knowl~ 

edge explosion: 

Since the time of Newton, the production of new knowledge in 
science has increased by.a factor of 1,000,000. Those who 
teach in the secondary schools net about 150 hours each 
year to influence the.life of every student in class. What· 
ideas and facts have we chosen from the research in science 
that we judge to be of most worth to teach in these few 
hours? . 

••• How has this problem of increasing knowldge been handled 
in many textbooks·and classrooms? Mostly there has.been a 
futile attempt.at "coverage." Textboo).<.s have·become thicker, 
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courses have become larger inventories of facts, and teaching 
a mad race from September to June, with the result that the 
surest way to develop a neurosis in a teacher is to create. 
the fear that he will not be able to finish the course of 
study by the end of the school year. 

Sometimes new scientific achievements are added to courses 
but seldom is anything dropped. The accepted rationaliza­
tion is that what we now teach.is fundamental or basic, 
whereas it all too frequently is only traditional. 

The new surge of knowledge in the sciences shook the very founda-

tions of the traditional approach to scie~ce teaching. How does one 

transmit the accumulated knowledge in the sciences? This question has 
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brought about a search for new approaches to science teaching. Drum-

mond (5) expresses the following opinion about some of our current at-

tempts. 

While these programs seem to represent significant advances 
in approach and organization, they cannot cope with the 
information explosion in.science, with the need to integrate 
into classroom activities what is going on today in the 
world's laboratories. 

A course in general science has been the traditional science 

course taught at the junior high school level, but in the last few 

years, educators in general and science educators in particular have 

taken a serious look at the curriculum in the various science courses 

at all levels of instruction as evidenced by the many new curricular 

revisions that have been implanted in the sciences of late (6, 7)o 

The Earth Science Curriculum Project, ESCP; was the result of a 

joint effort o~ scientists and educators working together to create, 

in part, a program of study designed for a segment of the junior high 

school science program (8, 9). The particular earth science course 

developed by the Earth Science Curriculum Project is most generally 

used at the ninth grade level. In the State of Oklahoma this program 

developed by the Earth Science Curriculum Project is taught.at the 



ninth 

earth 

ninth 

earth 

grade level, but across the river in the State of Texas, the 

science course is taught at the eighth grade level. 

Stephenson (10) feels that recent experiences have shown that 

grade appears to be the ideal level to present the full year 

science. His reasons are: 

1. Modern science programs have caused much of the material 
formerly presented in general science to be taught in 
the lower grades. There is now a need for a more ad­
vanced science course at the ninth grade level. 

2. Most ninth grade students have acquired the necessary 
reading ability to understand basic earth science sub­
ject matter and to master the required vocabulary. 

3. Taught by competent teachers, earth science can be 
used to illustrate the interdependence of the various 
basic sciences in the study of scientific concepts 
and processes of the earth and space. 

4. A challenging, well-presented earth science course can 
introduce the student to the basic methods of scientific 
inquiry and investigation. This should prove helpful 
when more advanced science courses are taken. 

3 

the 

of 

The program developed by the Earth Science Curriculum Project was 

one of the first of several programs that has been designed especially 

for the junior high school science sequence (11, 12). This program, 

as well as most of the other new curricular programs in science, has 

as one of its major objectives the development of a realistic under-

standing of science and of the scientist. This objective is necessary 

because of the mistaken identity and purpose that has many times been 

attached to the scientist. Drummond (13) expresses the opinion that 

is widely held today among science educators. 

The general public today has a completely erroneous picture 
of the typical scientist. The image is of a white-coated 
benevolent witch doctor puttering around in his isolated, 
mysterious, and bewildering laboratory, surrounded by a 
maze of glassware; wires, and assorted "black boxes." Out 
of this totally incomprehensibel scene, by equally obscure 
methods, come earth-shattering discoveries and conclusions. 



But is this really the case? In truth, the scienti$t is 
for the most pa~t·an ordinary person with ordinary desires 
and habits. True, some.of his laboratory equipment may 
be complicated and mysterious, but is it more so than the 
radar trap of the highway police, or the control panel of 
a commercial airliner? Not.to the non-scientist, at any 
rate. 

An understancl.ing of what a sc;ient;ist does and how he.does it is. 

important; to an overall.understanding of the nature of the scientific 
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enterprise (14, 15). If these understandings are to be considered im-

portant·goals, there is a definite .need in the evaluation proce$S of 

the new curric4lar programs to determine the types of understandings 

fostered by these new programs. , 

St~tement of the.Problem 

The primary purpose of this study was to determine understanding 

of science that is developed in one of the.new science curric4lum 

projects at the junior high school level. The new course .involved the 

use of the Earth Science Curric4lum Project program in earth science 

which places heavy emph~sis on student participation and independent 

student investigation.. This method attempts to place· the student in 

the role of the scientist, and the student is encouraged to do things 

that a.scientist does in the way that a scientist would do them. This 

is known as the inquiry method. · 

Th~ second method or second type of junior high school science 

course in this study was a traditional general science.course. The 

general science.course places heavy emphasis on the lecture method of 

science teaching, and there. is little or no student participation in 

the scientific process. 

This stu~y attempted to examine specific differences between the 



Earth Sc:j..ence Curriculum Project course and the traditional general 

science course in relation to student understandings. The following 

questions were used in developing the study. 

1. Do junior high school students understand the role of 

the sc.ientist?. 

2. Do junior high .school students understand the nature 

of the scientific enterprise? 

3. Do junior high school students understand the.methods 

and ai~s of science? 

Hypotheses· 

The specific hypotheses tested in this study were: 

1. There is no significant difference, at the .05 level of 

confidence, between mean scores of students in the.Earth 

Science Curriculum Project course sample and students in 

the general science course sample as measured by that 

portion of the Test on Understanding Science designed to 

measure the students understanding of the sci~ntist, 

2. There is no significant difference, at the .05 level of 

confidence, between mean scores of students in the Earth 

Science Curriculum Project course sample and students in 

the general scienc~ course sample as measured by that 

portion of the Test on Understanding Science designed 

to measure the students understanding of the methods 

and aims of science, 

3. There is no significant difference, at the .05 level of 

confidence, between mean f?Cores of students·in.the Earth 

5 
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Science Curriculurp. Project course sample .and students 

in the general scien~e course sample as measured by 

that portion of the Test on.Understanding Science 

designed to measure the students understanding of the. 

scientific enterprise. 

4. There is no significant difference, at _the .05 level 

of confidence, between mean scores of students in the. 

Earth Science Curriculum Project course sample and 

students in the general.science course sample as 

measured by that portion of.the Test on Understanding 

Science.designed to measure.the students understanq-

ing of science as a field of study as it relates to 

the scientist, the methods.and aims of science, and 

the scientifi~ enterprise. 

Significance of the Study 

The.re is a definite need in the.evaluation process of the many new 

science programs.· to determine the understandings. of science and of the 

scientist that a student dev:elops during such a course, Although the. 

Earth Science,Curriculum Project has done as much in.the way of evalu-

ation of their program as any of the other new curriculum proj~cts, 

there has been no formal allowance for the study of this aspect, under-

standings, of the program~ If these understandings are worthwhile 

goals, as stated eaJ;"lier in this study, then they need to be includeci 

in the total evaluation process, 

The development in pupils of scientific attitudes, apprecia­
tions, and other so-called noncognitive attributes should be 
goals of science instruction, •• ~(16). 



There is a ne~d to have more.empirical evidence of the effects of 

these programs before they can be accepted as better than our tradi-

tional science courses. More evidence is needed on the total effect 

of the new programs. 

Watson,. and Cooley (17) have expressed the following viewpoint: 

Confident theory and practical action in education, as in 
science, must be based upon the results of research. aow~ 
ever, now that the spotlight of public concern has been 
turned abruptly upon science-teaching in the schools, we 
find that proven research in this area is not sufficient 
to guide us in determining what changes·would be profitabl~ 
for improving the . teaching of science. Some· advance.s 
have,been macie; but onl,y on a narrow front. 

This study is.significant in that it does attempt to.contribute 

empirical evidence to this limited pool of knowledge •. This study at-

tempts to determin~ if understanciings of th.e scientist, the methocis 

and aims of science; the scientific enterprise, and science, as .it is 

composed.of the three former elements, are influenced by the type of 

science course that a student .completed at the junior high school 
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level. To. the .degree that· it .will give .evidence. to this bai;;ic question 

about the teaching of science; this study will be significant. If· 

differences appear in this study, then a whole new line of research 

may be suggested that has had far too little attention .in the past. 

Limitations of th.e Study 

This study was limited by factors that may have influenced the 

conclusions reached. · The. following factors should be· included: 

1. This study included ninth grade students.from four junior 

high schools in Oklahoma •. Only students present the day 

that the.test was given were considered, and only those 

studen.ts who had been enrolled in th,eir particular course . 



for the complete academic year were included~ 

2. There are factors outside the classroom situation .that. 

will influence understandings of science. 

3. The teachers involved in.this.study were different in. 

their personality, I.Q., · knowledge of the subject being 

taught, knowledge.of science tea~hing metliods, philosophy 

of teaching, and in other.characterist:i,.cs that are·in­

herent in each individual teacher. 

Clarification of Terms 

Attit~desToward Science 

Attitudes toward science refers tq how an in4ividual feels about 

science; an.emotional feeling for or against science as exhibited· 

through the behavior of the individual. 

Earth Science.Curriculum Project 
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The Earth Science,Curriculum Project refers to a course of study 

developed .. by scientists and educators . which emphasises an experience 

centered approach to sciE;mce '..through use of the sc;:ienGe laboratory. and 

through a study of.the sciences of the earth. 

General ScienGe Course 

The general sc:i,.ence course refers to the-traditional lecture and 

teacher demonstration type scienc.e course . that. is tal;lght: at the ninth 

grade level in the junior high school.· 



Junior High ,School 

The junior high school as ue;;ed in this study is used to include 

the ,nint4 grade. 

Understanding of.the Scientist 

In this st~dy the understanding of the scientist refers to how a 
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student interprets the role that a scientist plays in our society, and 

what,a scientist does·when he is at his work. This.will .constitute 

the act~al image of the scientist as the student perceives it. 

Understanding of the Methods and Aims of Science 
' I 

The'understanding of.the methods·anc;l aimi;; of science in this.study 

refers to how the student views the process by which .science seeks 

answers to unso+ved problems and the ultimate·enc;ls that are sought by 

scientific endeavors. 

Understanding of the Scientific Enterprise 

The understanding of the scientific enterprise in.this study 

refers to how the student vi~ws such elements al:! money, instruments; 

communication, int~rnational character, and interaction with society 

as these elements.relate·to.science. · 

Laboratory 

The laboratory as U$ed in this study refers to the place where ob-

servations are made and experiments are conducted by the students. 



Assumptions of the .. Study 

There are several assumptions that are·basic to thi$ study, It 

was.assumed that: 

l, Th~ instrument used in this study was valid in measuring 

understandings of t4.e methods. and aims of science, under­

standings of the scientist, and understandings of the 

scientific enterprise, 

2. The subjects used in.this study were representative of 

the.population from which they were drawn, 

3. The fact0rs outside .the classroom that influence the 

students.understanding of science were randomized, 
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CHAPTER II 

REVIEW OF SELECTED LITERATURE 

As stated earlier in this study, the satellite age has given impe-. 

tus to the development of many new and revolutionary science programs 

that. are unfolding today, but the .. fact remains that a revolution in 

science teaching had·begun long before·the satellite program got.off 

the ground. Perhaps the event of the satellite launching did do more 

than any other single event to point out the weakness in research as 

pointed out by,Watsqn and Cooley (18). 

The results of the many revisions.and the subsequent.number of 

courses develqped is often staggering.· Haney (19) describes several 

new science programs.· The Biological Science Curriculum Study, Chem­

ical Bond Approach, Chemical Education Materials, Physical Science Study 

Committee, Secondary School Science Project, Harvard Project Physics, 

Engineering Concepts Curriculum Project, Portland Project, and a vari~ 

ety of other science programs which have appeared in the secondary 

school curriculum are included, The Elementary Science Study, Science 

Curriculum Improvement Study, American Association for the.Advancement 

of Science.Commission on,Science Education, Elementary School Science 

Project, University of California Elementary School Science Project, 

University of Illinois Elementary School Science Project, Elementary 

Science Project, Study of .a Quantitative Approach in Elementary Science, 

and the Conceptually Oriented Program for Elementary Science are the. 

11 
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major projects that have been developed in the area of elementary 

school science.programs. 

With the development of these new programs both above and below 

the junior high school level, it became necessary to examine the science 

courses offered in the junior high school. Haney (20) gives a full 

description of at least three major programs that were developed to 

fill this void in the.science curriculum at the junior high school· 

level. The School Science,Curriculum Project, Introductory Physical 

Science, and the.Earth Science Curriculum Project are.now being used 

in many K-12 programs. 

The role of the junior high school has been historically rather 

uncertain. This has been especially true of the science curriculum of 

the junior high school. According to Rutledge (21): 

Presently the greatest amount of curricular change is seen 
at the high-school level, with considerably less activity 
oqservable in the junior high .school. Charges have fre-
quently been made that the usual Junior-high school science / 
course has been repetitive, superficial, unstimulating, 
and·almost devoid of laboratory work. Worse yet, these 
courses are particularly inadequate in systems where ele-. 
mentary.:...school science programs have been developed to .. 
include many topics formerly considered to be the responsi­
bility of the junior high schooL. 

The Earth Science Curricular Project was designed for the junior 

high school science course that was caught in the middle·of these ex-

panding programs. 

There is great concern about the methods and techniques 
used in teaching scienc.e · and in the .facilities .and equip­
ment needed to bring about efficient, effective teaching. 
Traditional methods, in general, do not always contribute 
to the realization of accepted objectives of science 
teaching, such as: development of .an understanding of 
the process and product of science; problem-solving 
abilities, scientific attitudes and an appreciation of 
the importance of science in our society. A careful 
study of science programs in today's schools will reveal 
that science.instruction is changing and that many trends 
are in evidence (22). 
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The Earth science Curriculum Project program was·designed as,an 

experimental science course and in many cases replaced the general sci-

ence course typically taught at the ninth grade level. In the 1940's 

New York State introduced a course in ee1rth science at the ninth grade 

level to bridge the gap that had developed between elementary grade 

science courses and the high school'biology, chemistry, and phystcs 

courses. This experiment.proved to be extremely successful in New York 

and led to greater interest in experimental programs for the junior 

high schoolo 

Roy (23) warns: . 

If an earth science course is to· replace a year of·. general 
·science, it will be an improvement only to the extent that 
it develops favorable attitudes,toward science and aptitude 
for continued education in this field. 

The Earth Science .. Curriculum Project was an outgrowth of the .Amer ... 

ican Geological Institute Study which was devoted to developing inter-

disciplinary earth·science course, In 1963 the Earth Science Curricu-

!um Project ce1me into existence. The general objectives of this proj-

ect were to develop up-to-date·teaching resource materials and aids to 

teachingo Among the philosophical tenets that guided the program.were: 

3. The materials produ<red by ESCP must be written with full 
understanding of the.intellectual capacities and subject~ 
matter background of the secondary school student for 
whom they are intended. 

4. The course materials should make no pretense of covering 
the entire body of knowledge concerning the planet Earth; 
rather emphasis should be placed on developing a system 
of basic concepts and principles in earth science, which 
serve as a system of perspectives through which ,phenomena 
may, be viewed. in·· other scienc:es o 

5. Materials developed by ESCP should place strong emphasis 
on laboratory and field study in which the student 
actively participates in the genuine process of scien­
tific inquiry, rather than mechanically repeating 
"cookbook" exercises .• o 



9. A thorough testing program for all materials developed 
for use in secondary school classes is essential to the 
success of the project. 

10. Finally, the goal of the Earth Science Curriculum Project 
is to produce a "package" of course·materials that will 
provide the basis for a solid, integrated earth science 
course .which will be taught for the most part at the 
ninth grade level. The educated citizenry of tomorrow 
will be faced with the need to understand the scientific 
phenomena of their shrinking earth and its environs in 
space. It is hoped that ESCP will contribute a measur­
able·progress toward this.goal. In the process, the 
general public would gain new insight into the works 
of earth scientists·and·their unique·role in human 
progress (24). 

StB:tements of.philosophy such as five and ten in the preceding 
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quotation are typical of the emphasis·that·the Earth Science Curriculum 

places on.the laboratory approach to science teaching. The basic 

rationale behind thi.s · philosophy is that when one does the .work that 

a scientist does he.will better understand the role that a.scientist 

plays·in our present society and that the scientist is usually an or-

dinary.or average man solving problems that surround us, 

Haney (25), in his description of the new programs in science, 

says of the laboratory: 

Teaching methods are related to the nature of science and 
the nature of the.learner •. The new programs place a great 
deal of emphasis on the inquiry aspect of science, hence, 
the laboratory has received considerable attention in these 
programs. The implied rationale for this is that if pupils 
learn, understand and appreciate the.intellectual and psy­
chomotor skills of scientists and the way in which knowledge 
is acquired they .themselves must engage in the processes, 

The student should therefore understand the methods,and aims of 

science·if he uses the methods of science in solving problems.for him-

self and also the aimof science as he sees it from his·experiences. 

Hurd (26) says of science methods: 

This means that a considerable part of class time must be 
spent in the analyzing, organizing, and relating of 



learnings until the .student is able to form concepts and to 
recognize something of the nature of the subjecto That is, 
until he has acquired an understanding of the process by. 
which knowledge has been produced in the particular disci­
pline. Only then can the student be said to truly possess 
any part of the subject. 

Graspin~ the .structure of a.subject means understanding it 
in a way that permits other ideas and new knowleqge to be 
related to it in a meaningful way, When ideas have been 
grouped and related, the stude.nt is in an intellectual 
position to use what he has learned in attacking new prob­
lems or new variations. He is also in a more .favorable 
position to harbor the latest conclusions of science as 
they are generated. 

15 

The National Science Teachers Association has taken several def-

inite positions on the adequate school science program. The following 

relates appropriately to this study. 

4o Must result in understanding the .nature of the scien­
tific enterprise through direct student involvement in 
the processes of scientific inquiry; ,,, (27)o 

A basic position of The National Science Teachers Association on 

curriculum de~elopment in science: 

A basic premise of each of these groups (new curriculum) 
is that science instruction in most .schools is out~of-date. 
and fails to present an understanding of the objectives 
and methods of scientific inquiry. Programs in the ele­
mentary schools and junior high schools .manifest the same 
obsolescence (28). 

Armed with an understanding of the scientist and the methods that 

the .scientist employs and the aims that he .seeks, the student .will de-

velop an understanding of the complete scientific community or enter-

priseo 

Carter (29) says of the Earth Science Curriculum Project labor-

atory: 

Inquiry involves teaching science as a way of thinking as a 
method of seeking answers. Students are involved in"the 
methods of the scientist in a laboratory .situation and come 
to know science as an active processo Emphasis is placed 
on the ability to observe, establish hypotheses, and arrive 
at sound conclusions based on observed data •. 
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Sampler (30) , in his views of the laboratory and inquiry, s ta.ted: 

One of the fundamental goals of the Earth Science Curriculum 
Project is to provide text materials and some manipulable 
laboratory materials that will guide young people toward. 
recognizing the means and ends of the working scientist. 

The Earth Science Curriculum Project program has not gone without 

evaluation of the majority of its goals. There are indirect indications· 

that the students may be developing attitudes that are favorable to 

science or at least to their earth sc.ience course. A survey .cond.ucted 

by the Earth S~ience Curriculum Project. asked several specific q~estions, 

and requested .conunents .that the students would like ,to make in general 

ab_out .. the program which they were taking. · 

The. conunents that follow are typical of the ESCP report . (31) : 

"The lab was great; the .text supplemented it, instead o:f; the 
other way.around." 

·"The.biggest thing I got:from.the course was to realize how 
much·there is to learn that I didn't know." 

"I found the text har:d; but the lab investigations nearly . 
always cleared it up." 

"'rhis course was fun because we were able to learn.· by our­
selves instead a:f; listening to the teacher all the time." 

"I.always·thqught scientists knew everything - now I.know. 
they'. re as con:f;used as tl).e next guy. 11 

"The book doesn't teach you - you teach yourself." 

f!ook (32) suggested that the Earth Science course, at least in one.· 

majot; respect, has.a certain.desirable advantage·over the presently· 

used general science .courses: 

.•• In other words it would seem that through Earth Science 
it is easier to show the scientific method in·action. 

The scientific method or the science method for solving problems 

i!:il one of the most important· tools of. the scientist and. is equally im-

portant to the nonscientist, In a recent issue of the ESCP Newsletter 



(33) the following comment ,was made: 

Tha laboratory approach, if .properly implemented, is a power­
ful means of conveying the essence of the so-called scientific 
method. 

Mahan (34) has . said • of the lab:, 

Critical. and careful observation is, stre~sed at all, times; 
it is hqped that. each stude.nt will gain insight into the 
scientific method. 
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In .their guidelines for the development of a .coordinated scienc.e · 

curriculum through a.local action program. The National·Science Teach~ 

ers As$ociation (35) had.several cqmments O'Q the .laboratory, the scien-, 

tific. process,. and other aspects.of the science program •. 

The laboratory, as the term is used in science teaching, is 
the ,place wher.e observations are made and experiments are· 
conduct.ed. This may be in th.e school .building, outdoors, 
or in the home.· Both scientists and educators.have insisted. 
for many·years.that scientif:i,c inquiry and laboratory­
centered instruction are·essential components of every. 
desirable science program • 

••• The curric4lum .should be,organized around broad prin-: 
ciples in science.and should provide opportunity for all 
students to gain some understanding of the scientific 
process •. 

••• The goal of developing scientific literacy and.understand~ 
ing of science on ~he part of all students is an extremely 
important part.of curriculum development. It .will require 
con1;1iderable attention to the needs of·the slower student· 
as .well as planning for students who. will .become ·.scientists, 
professional persons, or .leaders in other areas of society. 
Ample provision for study of educational research.on teach­
ing and· lec!,rning techniques· for variotJ.s · ability and. interest .. 
levels shquld be·included in.the pl,ans for the local actio~ 
program. 

It wa$ noted earlier in th,is st.udy that .the ESCP is undergoing 

constant evaluation and revision.. There have· been additions to tea~h~ 

ing aids in.the form of; certain.audio visual materials. These materials 

included films,. resqurce booklets., and various , other items for both 

teacher and student to use. The evaluation program as a whole h~s 1:Yeen 



good. 

Shea (36) has commented on the.evaluation results by saying: 

It _is too early to arrive at any definite cqnclusions·regard, 
ing the evaluation program; however, students are-reacting 
to.the new course with reql enthusiasm. With time they are: 
adjusting to tqe new approach to laboratory investigations. 
Once students learn that they are:expected _to proceed with 
the.laboratory·investigations, they are more than.willing. 
to do so.· In fact, most students prefer this method to 
being guided every step of the .way. 

Roy (37) has said: 

Few students in ,these courses .[new scienc_e ·program courses] 
find them boring, and their st:erotype~ of science and 
scientists are possibly mo-r:e favorable. 
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The development of .the many new science courses has not been with-

out new problems, and the .new courses will perhaps generate several, 

more.problems before they are rooted into our philosophy of teaching 

and learning. Roy (38) has brought to light the following information,. . . 

It -is understandable that the recent developments in high 
school mathematics anq the ,sciences.have,put a real .stra:i,n· 
on,the adaptive capacities of local schools. This led to 
a statement of policy by the Curriculum Committee of the. 
National Science Teachers Association (NSTA) •• ,. to .be, 
fully adequate the school science program ••• (3) must en, 
compass.· a full range of the contemporary knowledge and 
ideas which scientists el!lploy; (4) must result in under­
standing the nature-of the scientific en,terprise through· 
direct student involvement.in processes of scientific 
inquiry. 

There.seems to be a-direct.relationship between attitudes,and 

understand,ings in respect to .science and the scientist. It cou+d 

hardly.be expected that one would have a favorable attitude toward-an, 

object without_ an understand,ing of· .that. object . 

• • . the term "attitude'-' is merely a convenient way of re-· 
ferring to the preparedl').ess that exists within the organ-,­
ism for some future activity (39). 

An_attitude ••• is a predisposition to think, feel, per­
ceive,. and behave toward a cognitive object, (40). 



Dressel (41) has made an interesting observation on scientific 

attitudes: 

The principles of learning which are to be observed in teach~ 
ing directly for the attitudes and methods of science are the 
same.as those applicable for any other educational objectiveo 
The experiences should be psychologically sound, with due 
cognizance given to student aims and needs. There should be 
student activity - such as would be in agreement with the 
types of learning involved in the .student's objectiveo There 
is also need for wise direction for the .student's endeavors~ 
The teacher's own·attitudes and methods are.certain to be 
influential in such learning situations. 

With reference to the acquisition of scientific methods and 
attitudes, it seems obvious that if students are to develop 
these abilities they must have practice in themo That is, 
situations shoulo be designed to allQw students to select 
worth-whTle problems and attempt to solve themo They should 
have experiences in collecting data, making guesses, devis­
ing experiments 9 and·checking for accuracy while cultivating 
methods and attitudes.conducive to effective learning in.the 
field of scienceo 
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Empirical studies related to scientific attitudes became important.· 

with the studies of Davis (42), Noll (43), and Hoff (44) in 1935-360 

Curtis (45) as early as 1924 had made an analysis of scientific atti~ 

tudes" Extensive lists of scientific attitudes have been accumulated 

through the studies of Crowell (46), Ebel (47), and Lampkin (48)o 

The study by Mead and Metraux (49) was concerned with the image of 

the.scientist held by high school students. They.found that science. 

was seen as a good thing, but few of the students felt that they would 

like to be.personally involved in scienceo The scientist was seen as 

a man who wears a white coat and works in a labo He is a brilliant man. 

The study indicated that the majority of the students did not under-

stand the role of science or of the scientisL There were several 

recommendations made as .a result of this study which have implications 

to the teaching of·science. 



1. Encourage more participation and less passive watching 
in the classroom ••. ~a decrease in the passive type 
of experience found in many general science courses 
seems particularly necessary ..• 

4. Emphasize group projects; let the student have an 
opportunity to see science as team work, where minds 
and skills of different sorts complement one another •.. 

7. Deemphasize individual representatives of science, •. 
Instead, emphasize the sciences·as fields, an.d·the 
history of science as a great adventure of mankind as 
a whole. 

8. Avoid talking about "the scientist,!' "science," and 
"the scientific method." Use instead the names of 
the sciences ••• and speak of what a biologist or a 
physicist does and what the many different methods 
of science are - observing, measurement, hypotheses­
generating, hypotheses-testing, experiment (50). 

Perrodin (51) used a projective type instrument to test the at-

titudes of elementary and junior high school students toward science. 

In general, he found that the fourth and sixth grade children had a 

favorable attitude toward science. This favorable attitude declined 

somewhat in the eighth grade group. In his recommendations Perrodin 

(52) asked several questions relative to junior high school science 

attitudes. 

Should it be expected that eighth graders' attitudes toward 
science will be less favorable than sixth or fourth graders? 
Is it possible that improvements in elementary science 
instruction in the lower grades have not been recognized 
by science teachers at the seventh and eighth grades? 
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Charen (53) concluded from a study of laboratory methods and their 

influence on science attitudes that laboratory activity builds more 

positive .attitudes toward science. 

A study by Powell (54) indicated that high school students had a 

favorable attitude toward science. This study considered several var-

iables including I.Q. 



The results of this study seem to point out again that the 
subjects a .student find interesting and in which .he meets 
with success are the subjects he prefers. Th~ students in 
the lower group (I~ Q,) were indifferent toward scienGe,,, 
The upper intelligence group regarded science more favor­
ably (55), 
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Bernatowicz and Kay (55) point out from their research the need to 

e~perience science rather than being told, They also indicate~ that 

if the student is able to experience and find out things on his own he 

will have a more accurate knowledge of what occurs and thus perhaps a 

better .attitude toward the scientific process. 

Blackwood (57) says that one of the major challenges.which science 

teachers face today is: 

, .• to. work continually for a clarified understq.nding of what. 
science is, 

Since the ultimate product of any science course depends primarily 

upon the teacher, the Earth Science Curriculum Project included teacher 

training as one of its prime objectives for existing, Developing an 

understanding of what a scientist .is and what a scientist does, as well 

as how he does it~ is directly .influenced by the teacher, The teacher 

must have the proper attitude toward science in order to reflect a. 

positive attitud.e. These. attitudes can be detected in, each. of the 

following objectives of ESCP as listed by Stephenson (56) in relation 

to institutions training teachers: 

l~ Dedicate themselves to the training of teachers of high 
quality who can export enthu$iasm and sound science to 
the secondary schools, 

2, Provide accurate, modern subject-matter training in. 
astronomy, geology, meteorology, oceanography, and 
physical geography for prospective teachers, by using 
the resources of their own department or through inter­
departmental cooperation, 

3, Revamp courses to emphasize concepts, principles, and the 
challenge of unsolved problems, and curtain the traditional 



emphasis on descriptive and taxonomic.aspects of the 
geosciences. Stress. the manner of scientific. inq4iry 
and problem solving. 

4. Foster cooperation on teacher training between the. 
liberal arts and education faculties to provide the. 
most effective balance between subject matter and 
e~sential .professional education courses! 

• 
5. Provide the incentive for postgraduate improvement 

of subject matter competency among secondary school 
teachers by granting graduate credit for under­
graduate courses to those working toward aq.vanced 
degrees in.science education. 

6. Develop the departmental and institutional philosophy 
that the training of secondary school science teachers 
is a highly important departmental function, worthy 
of high caliber, enthusiastic instructional talent. 

7. Recognize that effort invested in sound scientific 
preparation of secondary school-. science teachers w:1,.11 
pay dividends in future years, in the-form of capable, 
top-ranking, science-oreinted .students entering 
college to tra:l,.n for careers in the earth sciences. 

If earth science departments across the country.are observing 
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these objectives, one could assume that the teachers who come through 

the preparation program possess those qualities that would be conducive 

to the understanding of science for their students. Item three above, 

is the essence of what, the teacher must-possess •. 

Goodlad (59) has also emphasized the importance of teacher eq.uca~ 

tion in th,e current curriculum reform projects: 

Broad-~cale implementati.on of current curriculum projects 
depends upon both the _usefulness of mate:i;ials produced and 
the in-service education of the teachers who use them. 
Most, projects have distinguished themselves on both accounts .• 
Contimiing self-renewal. of the current .curriculum reform of 
movement, however, depends upon the pre-service preparation 
of teachers in the new content, anq the education of teach-
·ers who understand and are sympathetic to~fheplace of 
organized subject matter in the -educ_ation af· .the· young. 
Current projects havd net distlriguished themselves on 
this accaunt 

A study by the-National Association of Science Writers (60) found 
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that; in general, their sample leaned toward a favorable view of the 

scientisto. Our problem is to determine if these feelings are generated 

by a different approach to science teachingo 



CHAPTER III 

PERSONNEL AND EXPERIMENTAL PROCEDURES 

Sample IncluQed in the Study 

The sample for the _Earth Science.Curriculum Project cou+se con­

sisted of students from the ninth grade in three separate junior high, 

schools in a large metropolitan school system in the State of Oklahomao. 

At the present time, the Earth Science Curriculum Project course·. is not 

taught e~ten1;1ivel,y in.the junior high schools,in Oklahomao This is 

partly due to the fact that the Earth Science Curriculum Project pro­

gram is an experimental program and has.not undergone,a complete eval­

uation" 

The Earth Science Curriculum Project staff conducted a survey of 

schools· in the United States to discover the extent of course offerings·. 

in each sta_te •. The primary purpose was to discover the position of 

earth science in the.secondary sch9ols (61). The survey indicated that 

Oklahoma·fell·into-the category of o:l:fering earth science in only a 

few schools, but the survey als0. stated that a tentative future inter~ 

est .. did ex.is t , in Oklahoma. This fact, . in . part ; has · been realized with ·. 

the. new course offering in.the Oklahoma,City .Public School System. 

The relative lack of Earth Science Curriculum Project courses in 

Oklab,oma caused• the investigator to use .the three previously mentioned 

junior high scho.ols. in thd.s study, All· three of these junior high · 

schools were located in·the same city, and the .three were scatter~d 
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around the city and served several socio-economic areas. 

The Earth Science Curriculum Project sample included both male and 

female students. The a,verage age for both se:x groups was fifteen 

years. Each student included in this sample had completed the full 

academic year of study under the Earth Science Curriculum Project pro­

gram. Only those students present the day that the test was administer­

ed were included in the study. 

All of the students i~ the Earth Science Curriculum Project sample 

were taught by a teacher who had special training in the materials and 

the basic philosophy of the Earth Science Curriculum Project. There 

were three individual teachers involved in this sample. 

The sample for the general science group was also drawn from a 

large metropolitan school system. This sample was also from an Oklahoma 

school. Each student in.the general science sample was enrolled in the 

general science course for the entire academic year. Only those stu..,, 

dents present on the day that the test was administered were considered 

part of the sample. The general science sample contained both boys and 

girls and the average age for this group was fifteen years. 

The investigator was unable to find any single school system that 

offered both the Earth Science Curriculum Project course and the general 

science course .at the ninth grade level that was large enough to supply 

both samples. The second large system was similar to the system from 

which the Earth Science Curriculum Project sample was drawn in many 

respects. The general science sample was drawn from one junior high 

school, but this particular junior high school drew students from sever­

al socio-economic areas. 

The samples could be considered random to the extent that the 



26 

investigator had no control over any student being i.n one group or the 

other. Compbell and Stanley (62) refer to this situation as a natural 

setting. Each student in the study had an equal chance to be in either 

group. 

Instruments Used in the Study 

The basic instrument used in. the study was the Test _on Understand-

ing Science (63). This test is a new research instrument designed by 

Cooley and Klopfer. 

The need and rationale·for this particular test is adequately ex-

pressed by Cooley and Klopfer (64). 

For many years, science educators have acknowledged the im­
portance of teaching and learnign certain so-called 
"intangible" aspects of science. These intangibles include 
an understanding of the nature of scientific inquiry, of 
science as an institution~ and of scientists as people. 
Such understandings are particularly important today, as 
our nation and the world are increasingly affected by the 
results of scientific activity, and as we seek to attract 
young people into scientific career fields, However, while 
a large variety of tests has been prepared to measure stu­
dent achievement in the facts and principles of science, 
no adequate instrument has yet been constructed to assess 
the extent to which the important instructional outcome 
of understanding science and scientists has been achieved, 
Numerous studies of science curriculum methods assert that 
a particular technique or procedure has contributed to 
these understandings in the students, but, in the absence 
of a valid instrument, such judgements cannot be made 
objectively to any extent" Thus, there exists a definite 
need for an instrument that adequately measures these 
understandings. It is the purpoae of TOUS to meet this 
need. 
o,oWe maintain that an understanding of the scientific 
enterprise and scientists can be described, completely 
enough for our purpose, in terms of definite components-­
which have been drawn from analyses of scientists.at work, 
from history and philosophy of science, from biographies 
of scientists, from writings of scientists and commen­
tators-,,-and that the sum of these components, then, pro­
vides a reasonably valid picture of the nature of science 
and scientists. To the extent that a student apprehends 
these componei;1ts, he also understands science and scientists.o 
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The Test on Understanding Science is not a revolutionary testing 

techniqueo It uses a familiar, four-alternative, multiple-choice itemo 

The· Test on Understanding Science is desi.gned around three basic 

areaso Area one is concerned with the scientific enterprise, The 

themes included in this area are the human element in science, communi-

cation among scientists, scientific societies, instruments, money, 

international character of science, and interaction of science and 

society. 

Area two is concerned with the scientist, The themes for this 

area include generalizations about scientists as people, institutional 

pressures on scientists, and abilities needed by scientists. 

The third area of the test is concerned with the methods and aims 

of science. The themes for this area include generalities about scien-

tific methods, tactics and strategy of sciencing, theories and models; 

aims of science, accumulation and falsification, controversies in 

science, science and technology, and unity and interdependence of the 

scienceso 

The authors see several possible uses for the Test o~ Understand-

ing_ Scienceo Cooley and Klopfer (65) state: 

Turning to the possible applications of TOUS in curriculum 
development, the most obvious useof this instrument is in 
the direct testing of high school students to determine to 
what extent a realistic understanding of science and scien­
tists has been attained as a result of taking science courses. 
Such testing would provide teachers and curriculum workers 
with comparative objective evidence on the extent to which 
these important objectives of instruction are being achievedo 

The Test on Understanding Science (Form W) has been tested and 

revised several times" The reliability of the test is shown in Table 

L The reli.abili.ty was determined by applying the Kuder-Richardson 

Formula 20 to Form X test data from 2535 studentse The reliability 



28 

for the total score,yiel~ed a standard error of measurement of .3o49o 

TABLE I 

RELIABILITY OF TEST ON UNDERSTANDING ---
SCIENCE KUDER-RICHARDSON FORMULA 20 

FROM COOLEY AND KLOPFER (66) 

Scale· Reliability 

Area I 058 

Area II .52 

Area III 

Total .76 

Standard error of measurement ~3.49 

Collection of Data 

The Earth Science.Curriculum Project sample and the general.science 

sample were drawn from similar school systems, and, as stated earlier 

in.this chapter, to the extent that the investigator had no control. 

over the sample in which a student might be included, the samples could 

be considered random in a natural setting. 

In both samples, each student was administered the Test on Under-

sta~ding Science. The test was administered by.the i~ves~igator in all 

cases, and all. tests were administered two weeks before the end of the 

school year in order that the student would complete the entire course 

of study. 
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The same pretest instruction was given to each tested groupo 

These instructions are included in the Test on Understanding Science 

Manual, Form W (67). In addition, each group was advised that the re-

sults of this te.st would not be included in their particular course. 

grade. Th~ time limit of forty minutes .was observed in all cases. 

Analytical Procedures 

The data derived from the application of the~ on Understanding 

Science was interval data in.all three areas.· Th~ total score was also 

interval in nature. In order to determine the correct model of the t 

test to be. used in calculations, it was necessary to make a variance 

check of each group. A summary of the significance of group.variances 

was placed inTable II. The value of Fat the .05 level.of confidence 

in each case was 1.26. Since the ration of the variance between.groups 

of each test was less than the F-value at the .05 level of significance, 

the assumption that the variance within subgroups of each test was homo-

geneous was justifiable. 

The basic design used in this study is a "Post-test-Only Control 

Group.Design." Campbell and Stanley (68) make·this observation concern ... 

ing this particular design: 

While the pre-test is a concept deeply embedded in the think­
ing of research workers in education and phychology, it is 
not actually essential to true experimentation designs. For 
psychological reasons it is difficult to give up "knowing 
for sure" that the experimental and control groups were 
"equal" before the differential experimental treatment. 
Nonetheless, the adequate all•purpose assurance of lack of 
initial biases.between groups is randomization. Within the. 
limits of confidence, randomization can suffice without the. 
pre-test •. 

At test.was used to test for significance.of the difference be-

tween means.of·the experimental and.control groups on each part of the 
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TABLE II 

SIGNIFICANCE OF DIFFERENCES BETWEEN TEST 
SCORE VARIANCES OF SAMPLE GROUPS 

F 
Area Group N Mean Variance F ,05 level 

E 282 9,38 8,14 
I 1.05 L26 

c 294 7o69 7o69 

E 282 10021 9o01 
II L12 L26 

c 294 8036 8,02 

E 282 10053 10, 64 
III 1.07 L26 

c 294 8.35 9.90 

E 828 30.06 56052 
Total L09 L26 

c 294 24.24 51.55 



Test on Understanding Science, The t test is a powerful parametric 

statistic designed for use with interval data from two independent 

sample groups (69), 

Popham (70) says of the function of the t test statistic: 

In educational situations one encounters numerous problems 
wherein it is important to determine whether the mean per­
formances of two groups are significantly different, For 
example, educators often examine a new method of instruc­
tion by trying it with an experimental group of students 
and employing a conventional method with a comparable con­
trol group. If the mean performance of the experimental 
group on a criterion test is considerably better than that 
of the control group, one might conclude that the new 
method of teaching is so effective that it should be em­
ployed in other classes of a similar nature • 

• ,.The~ test is used to determine just how great the dif­
ference between two means must be in order for it to be 
judged significant, that is, a significant departure from 
differences which might be expected by chance alone. 
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CHAPTER IV 

TREATMENT OF DATA 

As indicated in the former chapters, the primary purpose of this 

study was to compare two approaches to science teaching at the junior 

high school level, Specifically the study deals with the Earth Science 

Curriculum Project course and the traditional general science course, 

The study was directly concerned with the types of student under­

standing fostered by the two courses. These understandings included 

understanding of the scientist, understanding of the scientific enter­

prise, understanding the methods and aims of science, and understanding 

science as it relates to the scientist, methods and aims of science, 

and scientific enterprise. 

The following specific hypotheses were tested in this study: 

lo There is no significant difference, at the .05 level of con­

fidence, between mean scores of students in the Earth Science 

Curriculum Project course sample and students in the general 

science course sample as measured by that portion of the Test 

on Understanding Science designed to measure the students 

understan4ing of the scientist. 

2, There is no significant difference, at the .05 level of con­

fidence, between mean scores of students in the Earth Science 

Curriculum Project course sample and students in the general 

science course sample as measured by that portion of the Test 
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on Understanding Science designed to measure the students 

understanding of the methods and aims of scienceo 

3a There is no significant difference, at the .o05 level of con-

fidence, between mean scores of students in the Earth Science 

Curriculum Project course sampleiand students in the general 
..:.··· 

science course sample as measured by that portion of the Test 

on Understanding Science designed to measure the students 

understanding of the scientific enterprise. 

4o There is no significant difference, at the aOS level of con-

fidence, between mean scores of students in the Earth Science 

Curriculum Project course sample and students in the general 

science course sample as measured by that portion of the Test 

on Understanding Science designed to measure the students 

understanding of science as a field of study as it relates to 

the scientist, the methods and aims of s·cience; and the scien-

tific enterpriseo 

These stated hypotheses were tested by the use of one instrumento 

The basic instrument used was the Test on Understanding Science~ Form 

Wo This particular test is made up of sixty items. 

The first hypothe&is was tested by using the score right.on the 

questions included in the test designed to determine student understand-

ing of the scientist. This group of questions is designated as area I; 

Area I contains eighteen.· items o 

The second hyp0thesis was tested by using the score right.on.the 

questions included in the test designed to determine student under-

standing of the methods and aims .of science. This group of questions 

is des,ignated as area IL Area II contains eighteen items. 
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The third hypothesis was tested by using the score right on the 

questions included in the test designed to determine student understand­

ing of the scientific enterprise. This group of questions is designed 

as area IIL Area III contains twenty-four items. 

The fourth hypothesis was tested by using the score·right on the 

questions included in the.test designed to cl-et.ermine student under­

standing of the comprehensive area of science made up of the scientist, 

the methods and aims of science, and the scientific enterprise. This 

is the total group of questions which is sixty •. 

The raw scores .for the general science sample·are contained in. 

Appendix B for all areas of the Test E!!. Under$tanding Science. Appe~dix 

A contains all.raw scores from the.Earth Science Curriculum Proj~ct 

group on the .test. 

The Scientific Enterprise 

The scientific enterprise in this study was intended to cover 

those aspects of the scientific enterprise included in the Test on 

Understanding Science. Some questions dealt with scientific societies 

and their function. The role of government was also part of this area. 

The test contained questions on the instruments of science. The inter­

national character of sci~nce was also included. The interaction of 

science and society is an aspect of concern in the test. Scientific 

journals.and other means of scientific communication are covered. 

The eighteen questions which cover this area of student under­

standing are scattered throughout the testing instrument. 

The data obtained from this area was tested for difference in the 

mean scores of the two groups. A!_ test was employed to test the 
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significance of the difference between these group means. The t test 

is a strong parametric statistic designed for use.with .this type data 

and has a strong rejection level of the null hypothesis when such a 

rejection is justifiedo (71) The data necessary for computation of 

this test was obtained from Appendi~ A and Appendix Band summarized 

in Table III o 

The value oft for area I was 7.0080 The table value oft at the 

.• 001 level of significance with .over 120 degrees of freedom, was 3.291. 

Sin~e the computed value oft was well above the table value 

necessary.for significance at the .001 level of confidence, the null 

hypothesis for area I was rejected. 

The mean scores for the two groups should be note<l in order to 

express the.difference" The mean score for the Earth Science Curricu­

lum Project sample was.9.3297, and the mean score·for the general 

scienc_e sample was 7. 6904. 

The Scientist 

The scientist is included in the second area of this studyo Ques­

tions in the Test on Understanding Science concern several.areas about· 

the scientist. Generalizations about scientists as people are made. 

The pressures that are placed on scientistsi and the abilities that a 

scientist must have are covered. The basic questions give an impres­

sion of the image one ha.s of a scientist. 

There are eighteen questions.dealing with student understanding 

of the scientist included in the test. 

The data·obtained from this area was also used to test for dif­

ferences in the mean scores of tl:1e twq groups. A t test was employed 



.Group N 

ESCP 282 

GS 294 

TABLE III 

SIGNI~ICANCE OF DIFFERENCES BETWEEN TEST MEANS FOR EACH GROUP ON 
UNDERSTANDINGS ABOUT THE SCIENTIFIC ENTERPRISE 

EX x EX2 (EX) 2 t 

2631 903297 26846 6922161 
7.008 

2261 7.6904 19621 5112121 

Symbols: N - Number of cases in sample. 

X - Raw Scores • 

X - Group mean score 0 

ESCP - Earth Science Curriculum Project. 

GS - General Scienceo 

t - Test of Significance (t test)o 

0001 level t 

30291 

w 
"' 
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to test the significance of the.differences between these group.means 

in area twoo The data was obtained from the raw scores in Appendlx A 

and Appendix B for the computation of this testo 

In this case the value oft for area II was 70644. The table 

value oft at the .001 level of signfiicance.with over 120 degrees of 

freedom, was 3. 29L 

Thenull hypothesis for area two was rejected in this case since 

the computed value oft was well above the table value necessary for 

significance.at the 0001 level of confidence. A summary of the.data 

in this area is included in Table IV. 

Again, it should be noted that the difference between the mean 

scores of the group was significanto The mean score for the Earth 

Science Curriculum Project group was 100205 and the mean score for the 

general science group was 803600 Both area one and area two contained 

eighteen questionso The mean scores for both groups are much higher 

for area two than for area one. 

Methods and Aims of Science 

The third area of this study was concerned with the methods and 

aims o:( science. This area contained more·questions, twenty-four, 

than either of the other two areas covered previously. The·methods. 

and aims of science cover an important and broad area. The questions 

deal with the aims of science and the theories and models that are 

developed. Tactics and strategy of sciencing are also included. The. 

controversies of science are covered in this area. The unity and inter­

dependence of the sciences, and science and technology are found in th;ts 

area. The methodology of science; of course, is given some attention, 



Group N 

ESCP 282 

GS 294 

TABLE IV 

SIGNIFICANCE OF DIFFERENCES BETWEEN TEST MEANS FOR EACH GROUP ON 
UNDERSTANDINGS ABOUT SCIENTISTS 

EX x EX2 (EX)2 t 

2878 100205 31937 8282884 
70644 

2459 8.360 22906 6046681 

Symbols: N - Number of cases in sample. 

X - Raw Scores. 

X - Group mean score, 

ESCP - Earth Science Curriculum Projecto 

GS - General Science. 

t - Test of Significance (!_ test)o 

0001 level t 

3.291 

w 
00 
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As stated above, the Test on Understanding Science contains twenty­

four questions relating to.the methods and aims of science, 

The data in this area was used to test for differences in the mean 

scores of the two groups, At test was employed to test the signifi­

cance of the differences between the group means. Appendix A .and Ap­

pendix B were used to obtain the data necessary for computation of the 

t test, 

The value fort in area three was found to be 9,603. At the ,001 

level of significance with over 120 degrees of freedom, the .table value 

is found to be 3.291. 

With this information .the null hypothesis for area three must be 

rejected since the computed value oft was well above the table value 

necessary for significance at the ,001 level of confidence. A summary 

of the data used in computing t for area three is found in Table V, 

Although area three contained twer).ty-four.items, the mean scores 

for both groups do not vary greatly from area two, the scientist, which 

contained only eighteen items, The mean score for the Earth Science 

Curriculum Project sample in area three was 10,53~ and the mean score 

for the general science sample was 8,35, 

Science 

The total score on the Test on Understanding Science was used to 

evaluate science as a whole,or comprehensive science, Understanding 

of the scientist, understanding of the methods and aims of science; and. 

understanding of the scientific enterprise are the areas that make up 

the.final area. 

The Test on Understanding Science is made up of sixty items that 



Group N 

ESCP 282 

GS 294 

TABLE V 

SIGNIFICANCE OF DIFFERENCES BETWEEN TEST MEANS FOR EACH GROUP ON 
UNDERSTANDINGS ABOUT THE METHODS AND AIMS OF SCIENCE 

Ex x EX2 · (EX) 2 t 

2969 10053 34273 8814961 
9a603 

2455 8035 22822 6027025 

Symbols: N - Number of cases in sample. 

X - Raw Scores. 

X - Group mean scorea 

ESCP - Earth Science Curriculum Projecta 

GS - General Science. 

t - Test of Significance (J:_ test), 

aOOl level t 

3a291 

,I>· 
0 
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cover the three previously mentioned areaso 

The data from the total scores was used to test for differences in 

the mean scores of the two groupso At test was employed to test the 

significance of the differences between these group means. The data 

for this t test was obtained from Appendix A and Appendix Bo 

The value oft for the total score was found to be 9.9100 The 

table value oft at the 0001 level of significance with more than 120 

degrees of freedom was 30291 as shown in Table VI. 

Since the computed value oft was above the table value necessary 

for significance at the .001 level of confidence, the null hypothesis 

for the total score on science. 

Analysis of the mean total scores of the groups give some inter-

esting informationo The mean score for the Earth Science Curriculum 

Project sample was.30o06c The mean score for the general science 

group was 24023460 

Cooley and Klopfer (72) have developed a tentative set of norms. 

The norms for the ninth grade were based on a small sample, but they 

do compare favorably with the norms developed for the tenth, eleventh, 

and twelfth grades. For a total score of 30 on the Test on Understand-

ing Science the rank is the 52nd percentile. For a total score of 24 

on the test the rank is the 17th percentile. An interesting feature 

of the results shows that, while the mean score for the Earth Science 

Curriculum Project sample was 30006, the mean score for the group from 

which .the norms were established was 290470 

Summary 

This study was designed to test four specific hypotheseso Each 



Group N 

ESCP 282 

GS 294 

TABLE VI 

SIGNIFICANCE OF DIFFERENCES BETWEEN TEST MEANS FOR EACH GROUP ON 
UNDERSTANDINGS ABOUT SCIENGE AS A WHOLE 

EX x EX2 (EX)z t 

8478 30006 270755 71876484 
90910 

7175 2402346 187905 51480625 

Symbols: N - Number of cases in sampleo 

X - Raw scoreso 

X - Group mean scoreo 

ESCP -.Earth Science Curriculum Project. 

GS - General Scienceo 

t - Test of Significance (! test) o 

0001 level t 

30291 

J>. 
N 



of these hypotheses was related to comparative effectiveness of two 

methods of teaching ninth grade science. The results indicated th~t 

the two approaches to science in the .ninth grade produced significant 

changes in student understandings" 
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Specifically .the four areas of the study were: student understand­

ing of the scientific enterprise, student understanding of the scien­

.tist, and student understanding of the methods and aims of science; 

and understanding o:l; the.composite of science as it is .made up of the 

previous three areas.· 

Students from three junior high schools.made up the sample group, 

of the Earth Science Curriculum ProjecL This group was designated as 

the·experimental group. Students making up the control group were 

drawn from one junior high school •. The control group was made up of 

students taking a course in ninth grade general science. 

A t test was used to test the hypothesis of no signif:f_cant differ- .. 

ence between mean scores of the experimental and control groups. 

Each of the four hypotheses were rejected at the .001 level of 

confidence. Evidence indicq,ted that the experimental group was super­

ior in all areas tested. 

The .Earth Science Curriculum Project group developed higher under­

standings of the scientific enterprise, higher understandings of the 

scientist, and higher understandings of the scientific enterprise, than 

did the general science group. The average mean score of the Earth 

Science Curriculum Project was found to be 30.06. The mean score of 

the group from which the norms for the test were developed was 29.490 

The general science group mean score ranked at the 17th peir;centile. 



CHAPTER V 

SUMMARY, CONCLUSION, AND RECOMMENDATIONS 

General Summary and Overview 

This study was designed to compare the effectiveness of two differ­

ent approaches to science at the junior high school leveL One approach 

was designated as the control group, and a second group was designated 

as the experimental group, The effectiveness of the two approaches was 

based upon student understanding of the scientist, student understand­

ing of the scientific enterprise, .student understanding of the methods 

and aims of science, and student understanding of science as it per­

tains to the scientist, the methods and aims of science, and the scien­

tific enterprise, The first three areas were combined to make the 

fourth or total areao 

The control group in the study was made up of students in ninth 

grade general science classeso The experimental group was made up of 

students in the Earth Science Curriculum Project ninth grade science 

classo The two approaches differ, perhaps as much as two types of 

presentation could differ, in their approach to student learning as 

well as in.the basic content, 

The Earth Science Curriculum Project course, experimental group, 

was based on direct student involvement in the scientific processo The 

basic idea is that the student must experience science in order to 

learn scienceo This approach could be labeled pragmatic in this 

44 
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respect, This idea of the student being directly .involved in the 

scientific process would indicate that he would be working on his own, 

The general science course, control group, was basically a lecture 

type presentation with heavy emphasis placed. on the di.rect recall of 

facts about science, The student in the general science classes plays 

a passive role and does not enter into active participation in the 

scientific process, While the student is .allowed to participate in the 

activities .that a scientist follows and use the methods that a scientist 

employs in the Earth.Science Curriculum Project course, he is afforded 

few of these opportunities in the general science course, 

There were 294 students in the general science students in the 

control group from a large junior high school in a large Oklahoma 

school syste:rno The Earth Science Curriculum Project students were 

drawn from three jun;ior hi.gh schools. also located in the large Oklahoma 

school system, There were 282 students in the experimental or Earth 

Science Curriculum Project group" There was no one large system from 

which both groups could be drawn, 

In the study there was no effort made to compare the effectiveness 

of the five teachers involved in the studyo The Earth Science Curri.cu~ 

lum Project teachers had been trained in the methods and aims of.the 

Earth.Science Curriculum Projecto These aims emphasized the experi­

mental approach with direct student involvement, The student involve­

ment theme is carried through the entire course designed by the Earth 

Science Curriculum Project. The two general science teachers were 

trained in traditional science in the respect that they had not been 

involved in any of the new training approaches to teaching science, 

Both these teachers had degrees in biology, and both teachers had 



taught general science for several yearso Both expressed their phil­

osophy as traditionalo 
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The students in both the general science group and in the Earth 

Science Curriculum Project group were enrolled in their respective 

courses for the full academic·years The academic year in this.case was 

from September, 1967, through May, 19680 Each school that was included 

in this study was visited on.one occasion by the investigator prior to 

the day that the testing was actually performed in order that the stu­

dents would be more familiar with the investigatoro Basic instruction 

about the Test on Understanding Science was.given to each group just· 

prior to the actual testing period" The same instructions were given 

to each of the groups that were testedo 

The Test on Understanding Science is designed to help evaluate 

student unqerstanding of the.three main areas of science with a total 

score·for a comprehensive evaluation score. The first area that the 

test is designed to measure is the students understanding of the scien­

tist.a The scientist as a person and as an ordinary citizen is the view 

soughto What the scientist does and why he does it is also importanto 

The second area with which the Test on _Understanding :Science deals 

is the methods and aims of science, This important.area has to do with 

how things are done in scienceo How process of science is carried ono 

The third area of this test is designed to deal with the broad 

aspect of the scientific enterpriseo This area deals with the inter­

national character of science. Money and instruments·are also import­

ant to the scientific enterpriseo Scientific societies are also in­

cluded under the area of the scientific enterprise" 
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Sununary of Results and Conclusions 

The results of this study indicate that the two different courses 

involved produced significant.differences in student understanding of 

science in.several areas. A significant difference in student under­

standing of the.scientist was found between the mean scores of students 

in Earth Science Curriculum Project course and the general science 

course. In the Earth Science Curriculum Project course.the student is 

encouraged to play the role of a scientist at wo_rk, Making observa­

tions, recording data., making and testing hypotheses, and performing 

other acts that a scientist would perform in his day to day activity 

appear to give the student a better understanding of the scientist, 

A significant difference was also found between the mean scores 

of students in the .Earth Science.Curriculum Project course .and students 

in the general science course in .the second area of the investigation, 

This second area is.made up of understanding of the methods and aims .of 

science. The students in the Earth Science Curriculum Project course 

deal directly with the methods of science as they work with these 

methods in,their investigation.El, The basic aims of science a.re more 

easily _understood if.one works toward some·goal himselL 

The third area of the study dealt with student understanding of 

the scientific enterprise. A significant difference was also found 

between.the mean scores of students in the.Earth Science Curriculum 

Project course and stl,ldents in_the general science course on understand­

ings of the scientific enterprise, Th~ international character of 

science, money in.science, instruments of science, and scientific pub­

lications are part of a complex structure that is usually understood.by 

only those directly involved in science~ The students in the Earth 
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Science Curriculum Project course actu,;1.lly had a.chance-to be involved 

and to be a real part of science. This involvement should have given 

these students a better un4erstanding of the _scientific enterprise. 

The·. total scores for the three above areas make .. up a fourth or 

what could be called a comprehensive understanding of science.· A sig­

nificance: difference was also found· between_ the _mean .-scores of students , 

in the Earth Science Curriculum Project course and students in the gen­

eral science c9urse on understan4ing of the total or comprehensive 

aspect of sci~nce. 

None of the above·resul~s wei;:e a surprise since anyone-who has. 

really worked with the student involvement methods of science teaching 

feels that the student.· is more· able to develop lasting understandings. 

about science.if he experiences them first.hand. 

Certain specific conclusions seem to be indicated_from_this_study: 

1. Hypothesis. 1, that there is no significant difference, at the 

.05 level of confidence, between mean scores of students in 

the.Earth Sci~nce.Curriculum Project course sample and stu­

dents-in,the general science sample as measured by that por­

tion of the Test~ Understanding Science designed to measure 

the students understanding of the scientist, is untenable in 

the light of .the results of the analysis of the data, 

2. Hypothesis 2, that there.is-no significant difference, at the 

.05 level of confidence, between mean scores of students in 

the.Earth Science_Curr~culum Project course sample and stu~ 

dents· in the general science sample as. measmred by that por-,­

tion of the Test .on Understanding_ Science de~igned to measure 

the students understanding of the methods and aims of science, 



is untenable in the light.of the results of the analysis of 

the datao 
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3o Hypothesis 3, that there is no significant difference, at the 

.05 level of confidence, between mean scores of students in 

the Earth Science Curriculum Project coun;;e sample. and students 

in the general science sample.as measured by that portion of 

the.Test on Understanding Science designed to measure the stu­

dents understanding of .. the scientific enterprise, is untenable 

in the light of the results of the analysis of the data, 

4o Hypothesis 4, that there is no significant difference, at the 

.05 level of confidence; between mean scores of students in 

the.Earth Sci~nce Curriculum Project course sample and stu­

dents in the general science sample as measured by that poTt'.­

tion of the Test on Understanding Science designed to measu~e 

the students understanding of science as a field of study as 

it relates to the scientist, the methods and aims of science, 

and the scientific enterprise, is untenable in the ,li.ght of 

the results of the analysis of the datao 

5, Students seem to develop a stronger.understanding of several 

areas of science as a result of being involved in·science, 

Doing the work that a scientist does, doing things using the. 

methods of science, doing things with scientific aims, and 

doing things using aspects of the scientific enterprise gives 

the student a better understanding of these elementso 

Recommendations 

As a result of this study, the following recommendations are.·. 
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presented for consider,tion for future study •. 

1. Th~ first recommendation concerns the student centered approach 

to science instruction. Students should have the .freedom to 

do the things that a scientist does in order to understand 

more about the scientist and the work he does. Each project 

or new course of study in science should be examined to deter-

mine the extent to which understandings about science, the 

scientist, the.methods and aims of science, and the scientific 

enterprise are developed in each one. 

2. Every effort should be made to inform prospective teachers of 

science that certain intangibles beyond specific facts exist 

and are an integral part of the science program. Specific 

science method courses should be developed to train these 

prospective teachers in the student center approaches to sci~ 

ence teaching, 

3. Immediate attention should be given to the development of var-

ious instruments that may be used in measuring such qualities 
• . 

as interest, attitude, and understandings. Such instrvments 

should be related in such a way that a total picture may be 

developed. 

4. The Earth Science Curriculum Project course of study should be 

examined in totaL Further study should center on other forms. 

of intangible aspects of science. These aspects should in-

elude attitudes and interests. 

So All of the new programs in science should be completely eval-

uated to determine the advantages, if any, over the present. 

traditional science courseso 
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60 All of the curriculum projects should place heavy emphasis on 

the teacher training aspect of their programo 

7o A follow up should be made on studies dealing with aspects 

such as understandings of science to determine the lasting 

effects of any particular program, 
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TEST ON UNDERSTANDING SCIENCE SCORES FOR EARTH ---
SCIENCE CURRICULUM PRQJECT GROUP 

Area: 'Area Area 
Student I II Ill Total 

1M 8 9 8 25 
2M 14 14 16 44 
3M 8 14 10 32 
4M 12 11 15 38 
SM 9 10 7 :26 
6M 10 11 12 33 
7M 9 12 14 35 
8M 9 11 10 30 
9M 12 13 12 37 

lOM 12 1~ 11 36 
llM 6 14 16 36 
12M 13 12 13 38 
13M 6 3 6 15 
14M 7 6 8 21 
lSM 7 11. 14 32 
16M 7 7 7 21 
17M 8 13 12 33 
18M 11 14 14 39 
19M 8 11. 11 30 
20M 9 10 11 30 
21M 11 15. 9 35 
22M 10 11 17. 38 
23M 12 14 16 42 
24M 12 15 14 41 
25M 14 9 15 38 
26F 13 11 13 37 
27F 9 7 10 26 
28F 8 13 13 34 
29F 5 8 7 20 
30F 5 9 5 19 
31F 12 10 6 28 
32F 9 12 11 32 
33F 9 8 9 26 
34F 4 9 5 18 
35F 8 12 8 28 
36F 6 9 9 24 
37F 9 10 7 26 
38F 14 15 13 42 
39F 13 11 10 34 
40F 9 11 8 28 
41F 13 12 13 38 
42F 11, 10 11 32 
43F 7 7 10 24 
44M 12 9 11 32 
45F 12 10 11 33 
46M 10 11 15 36 
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Area Area Area 
Student I II III Total 

47F 8 13 14 35 
48M 9 11 9 29 
49M 10 11 9 30 
SOM 15 16 17 48 
51M 11 10 14 35 
52M 7 9 12 28 
53M 14 13 15 42 
54M 14 13 17 44 
55M 13 10 9 32 
56M 15 17 13 45 
57M 10 7 12 29 
58M 12 10 16 38 
59M 12 14 16 42 
60M 3 6 7 16 
61M 7 8 9 24 
62M 10 9 8 27 
63M 12 13 16 41 
64M 11 11. 11 33 
65M 10 10 15. 35 
66M 11 9 13 33 
67P 10 8 10 29 
68:F 11 10 9 30 
69F 11 14 12 37 
70F 8 6 9 23 
71F 9 15 13 37 
72F 8 12 11 31 
73F 12 15 14 41 
74F 7 12 13 32 
75F 10 13 10 33 
76F 10 17 11 38 
77F 9 15 10 34 
78F 12 11 9 32 
79F 12 12 12 36 
80F 10 15 8 33 
81F 14 16 16 46 
82F 9 12 15 36 
83F 15 6 9 30 
84F 11 16 13 40 
85F 12 9 10 31 
86F 8 10 11 29 
87F 14 7 17 38 
88F 9 12 10 31 
89F 9 8 13 30 
90F 11 12 11 34 
91F 12 10 15 37 
92F 11 10 13 34 
93F. 12 12 6 30 
94F 9 9 9 27 
95F 11 11 8 30 
96F 9 10 9 28 
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Area Area Area 
Student I II III Total 

97F 8 5 7 20 
98F 7 11 11 29 
99F 13 13 14 40 

lOOF 11 10 12 33 
lOlM 12 10 13 35 
102M 13 13 11 37 
103M 10 13 7 30 
104M· 10 8 7 25 
105M 5 7 10 22 
l06M 7 6 9 22 
107M 8 9 6 23 
108M 5 5 7 17 
109M 10 8 lL 29 
llOM 8 7 6 21 
lllM 8 11 7 26 
112M 12 10 10 32 
113M 7 6 6 19 
114M 14 12 16 42 
115M 13 11 20 44 
116M 13 15 13 41 
117M 16 13 15 44 
118M 10 12 '16 38 
119M 13 12 12 37 
120M 14 8 15 37 
121M 14 14 12 40 
122M 11 12 12 35 
123M 12 8 8 28 
124M 13 12 10 35 
125M 13 12 7 32 
126F 11 13 14 38 
127F 11 11 7 29 
128F 8 10 5 23 
129F 9 8 8 25 
130F 3 7 8 18 
131F 10 12 11 33 
132F 8 9 16 33 
133F 6 8 11 25 
134F 7 7 12 26 
135F 7 10 8 25 
136F 5 8 6 19 
137F 8 13 12 33 
138F 7 9 12 28 
139F 8 10 11 29 
140F 13 9 8 30 
141F 8 10 17 35 
142F 10 11 12 33 
143F 13 13 l~ 40 
144F 10 10 8 28 
145F 7 16 11 34 
146F 12 9 10 31 
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Are;a Area Area 
Student I I+ III Total 

147F 8 10 13 31 
148F 12 12 6 30 
149F 5 9 8 22 
150F 13 12 6 31 
151M 13 15 19 47 
152M 11 11 13 35 
153M 8 7 11 26 
154M 9 10 9 28 
155M 13 11 10 34 
156M 8 10 8 26 
157M 9 12 14 35 
158!1 11 15 14 40 
159M 13 13 13 39 
160M 9 10 13 32 
161M 11 13 7 31 
162M 11. 16 10 37 
163M 10 8 13 31 
164M 8 9 11 28 
165M 11 9 11 31 
166M 6 10 10 26 
167M 11. 12 16 39 
168M 10 11 13 34 
169M 3 7 5 15 
170M 9 11 11 31 
171M 5 9 3 17 
172M 9 11 10 30 
173M 6 9 5 20 
174M 8 4 8 20 
175M 9 13 12 34 
176M 4 8 8 20 
177M 4 8 6 18 
178M 9 12· 10 31 
179M 10 10 7 27 
180M 9 14 10 . 33 
181M 6 11 9 26 
182M 8 9 4 22 
183M 8 6 10 24 
184M 8 9 17 34 
185M 6 7 5 18 

·186M 6 2 6 14 
. 187M 8 9 9 26 
188M. 8 5 6 19 
189M 8 9 6 23 
190M 13 8 8 29 
191M 7 7 12 26 
192M 11 14 12 37 
193M 11 12 13 36 
194M 6 6 3 15 
195M 2 3 8 13 
196M 8 12 10 30 
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Area Area Area 
Student I II III Total. 

197M 9 9 12 30 
198M 6 12 8 26 
199M 8 11 13 32 
ZOOM 10 11 9 30 
201M 8 13 13 34 
202M 4 7 6 17 
203M 7 4 9 20 
204M 11 11 9 31 
205M 13 14 14 41 
206M 10 12 12 34 
207M 10 10 13 33 
208M 3 7 7 17 
209M 5 4 7 16 
210M 14 16 14 44 
211M 15 15 16 46 
212M 11 15 7 33 
213M 13 14 16 43 
214M 12 16 19. 47 
215M 9 10 12· 31 
216M 9 8 8 25 
217M 13 10 10 33 
218M 5 7 9 21· 
219M 12 12 16 40 
220M 5 9 10 24 
221M 10 13 11 34 
222M 8 6 14 28 
223M 11 9 11 31 
224M 7 7 7 21 
225M 5 3 10 18 
226M 6 7 10 23 
227M 7 7 7 21 
228M 7 10 12 29 
229M 7 7 8 22 
230M 12 9 14 35 
231M 10 12 13 35 
232M 7 6 12 25 
233M 7 5 8 20 
234M 7 5 8 20 
235M 10 12 13 35 
236M 9 12 13 34 
237M 7 7 8 22 
238M 9 13 8 30 
239M 7 4 8 19 
240M 10 9 8 27 
241M 7 7 9 23 
242M 8 10 11 29 
243M 7 7 14 28 
244M 6 5 8 19 
245M 14 12 17 43 
246M 8 12 12 32 
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Area Area Area 
Student I II III Total 

247M 9 10 10 29 
248M 6 2 8 16 
249M 4 6 3 13 
250M 10 8 10 28 
251F 5 10 8 23 
252F 10 12 9 31 
253F 8 8 7 23 
254F 4 4 10 18 
255F 7 10 6 23 
256F 9 7 8 24. 
257F 7 8 10 25 
258F 4 8 7 19 
259F 11 14 15 40 
260F 7 8 6 21 
261F 6 6 7 19 
262F 6 11 12 29 
263F 12 10 9 31 
264F 11 7 12 30 
265F 5 10 6 21 
266F 11 11 7 29 
267F 11 8 13 32 
268F 5 8 4 17 
269F 12 12 6 30 
270F 9 10 12 31 
271F 9 11 8 28 
272F 11 15 8 34 
273F 12 11 9 32 
274F 12 12 12 36 
275F 8 15 10 33 
276F 16 14 14 44 
277M 4 10 9 23 
278M 7 10 11 28 
279M 15 13 13 41 
280M 11 12 10 33 
281M 5 11 8 24 
282M 5 5 6 16 

(M) Male· 

(F) Female 
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TEST ON UNDERSTANDING SCIENCE SCORES 

FOR GENERAL SCIENCE GROUP 

Area· Area Area. 
Student. I II III. Total 

lF 4 8 9 21 
2M 8 10 7 25 
3M 6 6 6 18 
4F 8 8 6 22 
5F 4 9 7 20 
6M 7 7 3 17 
7M 7 7 11 25 
BM 6 10 9 25 
9M 7 6 4 17 

!OF 10 8 7 25 
llM 6 6 6 18 
12F 7 10 9 26 
13M 9 10 5 24 
14M 7 7 6 20 
15F 5 10 7 22 
16F 7 7 12 26 
17M 6 7 3 16 
18F 8 9 7 24 
19M 7 10 5 22 
20F 12 11 9 32 
21F 10 9 7 26 
22F 11 6 10 27 
23F 9 12 8 29 
24F 12 8 8 28 
25F 5 10 8 23 
26F 8 8 8 24 
27F 10 8 14 32 
28M 9 7 9 25 
29M 10 11 7 28 
30M 9 7 8 24 
31M 10 6 9 25 
32M 10 9 8 27 
33M 13 15 10 38 
34F 8 9 9 26 
35M 13 14 12 39 
36F 9 9 8 26 
37M 10 10 8 28 
38M 10 11 12 33 
39M 12 13 17 42 
40M 8 10 9 27 
41F 10 12 14 36 
42F 10 7 5 22 
43M 12 11 9 32 
44F 11 8 12 31 
45M 4 5 5 14 
46M 7 6 12 25 
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Area Area Area 
Student I. II III Total 

47F 10 9 5 24 
48F 8 7 10 25 
49M 8 6 14 28 
SOM 8 10 9 27 
51M 3 5 9 17 
52F 11 5 6 22 
53F 11 4 9 24 
54M 5 6 9 20 
55F 10 6 9 25 
56F 6 3 8 17 
57F 8 9 10 27 
58F 8 7 7 22 
59M 2 6 6 14 
60F 9 5 6 20. 
61F 6 6 9 21· 
62M 8 10 6 24 
63M 6 0 9 15 
64M 9 6 10 25 
65F 7 10 9 26 
66F 9 3 7 19 
67M 8 9 8 25 
68M 3 7 6 16 
69F 8 11 5 24 
70F 6 6 7 19 
71F 6 8 10 24 
72M 6 5 7 18 
73M 7 14 4 25 
74M 7 7 6 20 
75M 6 8 7 21 
76F 11 7 8 26 
77F 5 8 8 21 
78M 5 5 6 16 
79F 7 10 5 22 
80M 10 16 9 35 
81M 12 11 12 35 
82F 8 10 8 26 
83F 9 7 10 26 
84M 3 6 9 18 
85F 8 9 10 27 
86M 7 8 7 22 
87M 9 7 10 26 
88M 12 8 10 30 
89M 4 9 7 20 
90F· 12 14 13 39 
91M 12, 12 12 36 
92F 4 7 6 17 
93M 7 12 6 25 
94F 5 10 9 24 
95F 10 9 7 26 
96M 2 6 7 15 
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Area Area Area 
Student I II III Total· 

97F 3 8 4 15 
98F 5 8 2 15 
99M 8 10 7 25 

lOOF 6 9 6 21 
lOlM 6 8 8 22 
102M 6 7 7 20 
103F 6 6 8 20 
104F 9 6 9 24 
105F 4 1 4 9 
106M 2 5 8 15 
107F 3 8 11 22 
108F 4 8 7 19 
109F 4 6 6 16 
llOM 1 9 8 18 
lllM 3 8 12 23 
112F 7 2 10 19 
113M 7 6 9 22 
114M 10 9 10 29 
115M 4 6 8 · 18 
116F 11 11 8 30 
117M 5 3 7 15 
118F 6 7 7 20 
119M 11 12 8 31 
120F 10 14 6 30 
121M 8 11 10 29 
122M 7 8 9 24 
123M 7 5 6 18 
124M 5 7 12 24 
125F 2 5 7 14 
126M 3 6 4 13 
127F 9 5 5 19 
128M 7 10 6 23 
129M 7 8 10 25 
130M 9 4 4 17 
13.lM 9 11 12 32 
132F 7 10 6 23 
133F 10 7 8 25 
134F 9 10 8 27 
135M 9 10 14 33 
136M 8 7 8 23 
137F 5 9 5 19 
138M 7 8 7 22. 
139M 6 6 7 19 
140M 9 9 12 30 
141M 5 7 9 21 
142F 12 10 9 31 
143F 11 11 6 28 
144M 3 5 5 13 
145M 7 10 9 26 
146M 5 5 7 17 
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Area Area Area 
Student I II III Total 

147M 8 11 10 29 
148F 10 16 8 34 
149M 9 9 7 25 
150M 13 11 13 31 
151M 9 11 9 29 
152M 6 8 7 21 
153M 9 10 9 28 
154F 9 8 4 21 
155M 10 12 10 32 
156F 10 8 6 24 
157F 8 4 6 18 
158M 6 9 5 20 
159M 12 12 6 30 
160M 8 4 9 21 
161F 9 12 9 30 
162M 13 8 12 33 
163M 6 8 9 23 
164F 10 8 9 27 
165M 9 11 8 28 
166M 7 13 9 29 
167M 7 8 4 19 
168F 9 12 14 35 
169F 10 10 10 30 
170M 9 5 9 23 
171M 5 12 12 29 
172F 12 11 12 35 
173M 5 8 8 21 
174M 9 11 11 31 
175M 9 13 11 33 
176F 14 10 14 38 
177M 6 6 6 18 
178M 5 9 11 25 
179M 6 7 8 21 
180F 12 11 10 33 
181F 7 4 5 16 
182F 4 4 5 13 
183F 6 3 3 12 
184M 6 3 7 16 
185F 7 10 9 26 
186M 6 9 7 22 
187M 4 4 2 10 
188F 12 10 15 37 
189F 7 7 11 25 
190M 9 10 12 31_ 
191F 4 5 7 16 
192F 8 9 9 26 
193M 7 7 5 19 
194M 7 8 10 25 
195F 6 5 6 17 
196M 6 5 5 16 



68 

Are? Area Area 
Student I II III Total 

197F 8 9 13 30 
198M 8 9 7. 24 
199F 6 8 5 19 
200M 6 8 8 22 
201F. 5 13 11 29 
202F 9 7 7 23 
203F 7 8 6 21 
204M 8 9 10 27 
205F 7 4 9 20 
206M 11 8 7 26 
207F 9 9 9 27 
208F 7 12 11 30 
209F 7 5 2 14 
210F 4 6 9 19 
211M 4 6 7 17 
212M 12 10 11 33 
213F 7 10 6 23 
214M 7 10 4 21 
215F 4 4 5 13 
216M 5 8 7 20 
217F. 6 10 10 26 
218F 10 10 8 28 
219M 11 9 10 30 
220M 9 11 8 28. 
221F 10 8 7 25 
222F 8 12 15 35 
223M 13 15 11 39 
224M 11 12 11 34 
225F 9 10 5 24 
226F· 5 11 4 20 
227F 7 7 5 19 
228M 9 10 11 30 
229M 7 4 4 15 
230M 8 9 8 25 
231M 15 11 11 37 
232M 10 10 10 30 
233F 8 11 17 36 
234M 11 13 15 39 
235M 9 6 10 25 
236M. 9 9 7 25 
237F 12 9 11 32 
238M 10 12 17 39 
239F 11 9 9 29 
240M 15 9 .9 33 
241F 9 7 6 22 
242M 14 11 13 38 
243M 10 11 18 39 
244M 11 10 8 29 
245M 9 9 8 26 
246F 11 8 17 36 
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Area Area Area 
Student I II III Total 

247M 9 10 9 28 
248F 1 7 3 11 
249F 12 7 13 32 
250F 7 6 9 22 
251F 8 12 7 27 
252M 9 11 14 34 
253M 8 7 9 24 
254F 5 13 9 27 
255M 11 11 12 34 
256M 3 10 11 24 
257M 6 A 4 14 
258F 7 8 8 23 
259F 5 6 7 18 
260F 8 15 10 33 
261M 6 9 9 24 
262M 8 5 5 18 
263M 2 5 ,4 11 
264M 1 1 1 3 
265F 9 10 8. 27 
266F 5 7 6 18 
267M 7 16 10 33 
268F 8 10 11 29 
269F 12 13 9 34 
270M 8 4 11 23 
271M 4 5 9 18 
272F 7 9 10 26 
273F 0 1 8 9 
274F 7 12 9 28 
275F 5 5 7 17 
276M 13 12 12 37 
277M 9 8 6 23 
278M 3 8 8 19 
279M 10 12 8 30 
280M 4 8 6 18 
281M 3 9 9 21 
282F 8 6 7 21 
283F 10 4 10 24 
284F 10 7 10 27 
285M 5 9 7 21 
286M 7 7 7 21 
287M 4 7 5 16 
288F 9 10 10 29 
289M 6 9 7 22 
290M 4 3 8 15 
291M 9 12 8 29 
292M 11 12 9 32 
293M 8 6 10 24 
294F 8 10 10 28 
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