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In attempting to learn more about the status of
science education in eastern North Carolina five different
test instruments were administered to about 50 classes.

The tests given were: the Physics Achievement Test, the

Test On Understanding Science, the Semantic Differential

Test, the Pupil Activity Inventory test, and the Learning

Environment Inventory test. A questionnaire was also

given to the teachers. Computer programs were written to
score three of the five test instruments. The other two
instruments were scored by a standard test grading program.
Statistical analyses‘were run on each test separately. No
attempt was made to intercorrelate the various test scores.

Using one-way analysis of variance and a correlated
"t"-test it was found that: (1) Students' understanding of
science and physics achievement made a significant increase
from the pre-test to post-test, (2) Project Physics classes
and other physics classes are not significantly different
in their understahding of science, (3) Project Physics

classes and other physics classes are significantly



different in their physics achievement; the Project
Physics group attained a higher achievement in physics as
measured by the PAT, (4) students generally do not parti-
cipate frequently in any science related activities,

(5) students feel science is both worthwhile and lively,
(6) the classroom environment in eastern North Carolina
does not compare favorably with schools in the north-

eastern United States.



AN EVALUATION OF SCIENCE EDUCATION
IN THE SECONDARY SCHOOLS OF

EASTERN NORTH CAROLINA

A Thesis
Presented to
the Faculty of the Department of Science Education

East Carolina University

In Partial Fulfillment
of the Requirements for the Degree

Master of Arts in Education

by
Stephen Guy Bierma

July 1971



N.C .

507.12
pu77e
.2

AN EVALUATION OF SCIENCE EDUCATION
IN THE SECONDARY SCHOOLS OF

EASTERN NORTH CAROLINA

by

Stephen Guy Bierma

APPROVED BY:

SUPERVISOR OF THESIS ﬁgbgzét 55.‘96&5?&1

Dr. Robert L. Dough¥

CHAIRMAN OF THE DEPARTMENT OF SCIENCE EDUCATION

i E Slttctoss

Dr. FYoyd E. Mattheis

DEAN OF THE GRADUATE SCHOOL

/% A [

“John M. Howell

/,

s

357333



ACKNOWLEDGMENT

This author wishes to express his thanks to the
members of his thesis committee which consisted of:

Dr. Floyd E. Mattheis, Dr. Robert T Dough, Dr. Robert F.
Champlin, Dr. Moses M. Sheppard, and Dr. Carl G. Adler.
All of the members have contributed to making this a
better paper.

The author would also like to express thanks to
the Computation Center personnel for their time and effort
in helping with the programing aspect of this study.

Special acknowledgmehts_go to Dr. Robert Dough,
who not only acted as thesis director but also gave
continued help and encouragement to make this study

possible.



TABLE OF CONTENTS

Page

LIST OF TABLES &« « ¢ ¢ o o o o o o o o o o o o o v

"LIST OF FIGURES o« s w » o s ®« @ o« » 2 = & = » & @ vi

Chapter

1. INTRODUCTION . &« &« o o o o o o o o o o o 1

Rationale of this Study . . . . . . . 1

RESEARCH DESIGN .« ¢ ¢ ¢ o« ¢ o o o o o o 2

The Scope of this Research . . . . . . 2

Statement of the Problem . . . . . . . 3

Evaluation Tools . . . . ¢« « ¢ ¢ « « & 4

Administration of Tests . . . . . . . 7

Scoring of Tests « o s « s o« = s » = » i

2. LITERATURE SURVEY . ¢ &« ¢ « o s o o s o o 9
Selected Physical Science Curricula

Projects Implemented in this Decade 21

3¢« RESULTIS & o s ® s s s & » s m « » » » & & 26

4, SUMMARY AND CONCLUSIONS . ¢ « ¢ o o o o« = 51

Summary of Procedures . . . . . . . . 5k

Summary of Results . . . . . « « « . . 52

Major Conclusions .« « « o« o o o o o 53

Recommendations Regarding Procedures . 54

COMMENDATIONS FOR FUTURE STUDIES . . . 56



Page

With Data on Hand . « « & » s » s & = 56
For Collecting New Data . . . « « . . 57
BIBLIOGRAPHY ¢ ¢« ¢ ¢ o o ¢ o o o o o o o o o o o o« 59

APPENDICES

APPENDIX A. Information Form and Numerical
RESPONSES ¢« ¢ o« o o o o o o o o o o o o o o 69

APPENDIX B. Sample Questions from the
Semantic Differential Test .« ¢« « o o o o o o 74

APPENDIX C. Sample Questions from the
Pupil Activity Inventory Test . . . . . . . . 75

APPENDIX D. Sample Questions from the
Learning Environment Inventory Test . . . . . 76




LIST OF TABLES

Table Page
1. Characteristics of Teachers Surveyed . . . 27
2. Distribution of Courses Taught . . . . . . 29

3. College Physics Preparation of the
Teachers Surveyed . . ¢« ¢ ¢ ¢ ¢ o o o o 30

4., A Tabulation of TOUS SCOresS . « « o o o = 32

5. Means and Significance of Pre-Test and
Post-Test TOUS SCOres . « « « o o o o o 33

6. Differences between Project Physics TOUS
Scores and other TOUS Scores . . . . .« . 35

7. Means and Differences of Pre-Test and
Post-Test PAT SCOTES &« « o o o o o o o & 37

8. A Tabulation oOf PAT SCOYES v ©+ o o o o o o 39

9. Differences between Project Physics PAT
Scores and other PAT Scores . « « « o & 40

10. Percentage Responses of Selected
Questions to the Pupil Activity
Inventory Test . . ¢ . ¢ ¢ ¢ ¢ ¢ ¢« o o & 43

11. A Selected Frequency Distribution for
the Semantic Differential Test . . . . . 44

12. Percentage Responses for the Scales of
the Learning Environment Inventory
TeSk » 2« o« = o 2 » 2 & & 2 =W ¢ % = « & » 48




vi

LIST OF FIGURES

Figure Page

1. Percentage of High School Students
Taking PhySiCS . « ¢ ¢ ¢ ¢ o« o o o o o o 13



Chapter 1

INTRODUCTION

Rationale of this Study

Decisions affecting science education in the
public schools of this country must be based on sound and
up-to-date information. It is necessary to understand the
situation in the schools before decisions can be made as
to the changes that should take place. The justification
for making changes should be based on students' needs,
teachers' needs, and societies' needs.

The purpose of this study is to indicate the needs
of those affected by science education. This study will
accomplish its purpose by providing new information. The
interpretation of the data gathered by the use of test
instruments and questionnaires should provide a clearer
picture of science education in the schools of eastern
North Carolina.

Much of this researcher's time was spent in
establishing correct statistical techniques to be used,
and in writing computer programs to save time in collect-
ing and analyzing data. By initiating this research
project the procedures and processes necessary for more

detailed studies will be established. This will save



following researchers time and effort that can be put forth
on new problems,

Results of this study should be useful to educators
in general and to those who are interested in improving the
specific teaching areas of physics, chemistry, and physical
science in the high schools. By having a better under-
standing of the type of science student in the high schools
in this locality, colleges and universities can adjust
their programs accordingly before the students are
subjected to what might be inefficient programs. High
schools might also wish to revise the type of science
curriculum they are using after seeing how students react

to other science curriculum projects.
RESEARCH DESIGN

The Scope of this Research

This research was intended to serve as a pilot
project only. It is the responsibility of anyone doing
such a study to find the best possible combinations of
research tools and techniques so that others may take
advantage of what was learned. With this in mind, this
investigator administered a wider variety of tests, tried
more new methods, and developed more computer programs

than could possibly be used in the study.



The greatest value realized from this research
will not come from this study alone, but from others which
follow utiliéing the vast amount of data gathered in this
pilot study. This study will present some results found
from the data but a greater value will be that of indicat-

ing what additional research could be carried out.

Statement of the Problem

Many new test instruments have developed in the
last ten years which measure academic interest, science
attitudes, values, opinions, learning environment, and
activities in science. All of these tests cénnot be
administered at one time due to the time factor involved,
Some are more valuable than others, and many are very
difficult to interpret.

This study will show which tests have been found
to be of most value for further evaluation studies in the
area of science education. Other gquestions to be
answered a?e:

l. Do the students in local high schools gain in

their understanding of science after taking a course in

science as measured by the Test On Understanding Science?
2. Do physics students in local high schools

learn enough physics to cause a significant increase in



their achievement in the course as measured by the Physics

Achievement Test?

3. How do students taking the Project Physics
Course compare with students taking other physics courses
in terms of achievement and understanding of science?

4. How does the learning environment differ
between a physics class, a physical science class, a
chemistry class, and a biology class?

5. How do some of the attitudes toward science
differ between students in local schools and students in
other studies?

6. In what science activities do students
frequently participate?

7. What seems to be the available possibilities

for further research?

Evaluation Tools

The Test On Understanding Science (TOUS) was

developed in the course of research at the Graduate School
of Education, Harvard University, and is printed by the
Educational Testing Service, Princeton, New Jersey. This
test was given to determine to what extent a realistic
understanding of science and scientists has been attained
as a result of taking science courses. The test itself is

broken down into the following three areas:



I. Understanding about the scientific enterprise
II. Understanding about scientists
III. Understanding about the methods and aims of
science.
The test is composed of 60 questions and requires
40 minutes for testing time. The scoring for this study
was done on the three areas combined. The total
reliability coefficient as measured by the Kuder—Richardson
Formula 20 is 0.78. Norms have been established for grades
nine through twelve.

The Physics Achievement Test (PAT) was developed

by Harvard Project Physics specifically for an evaluation
of their Project Physics Course. For this reason it has
a higher percentage of interdisciplinary items than are
found on other standardized achievement tests in physics.
The reliability coefficient of this test using the Kuder-
Richardson Formula 20 is 0.77. No specific norms have
been published for this test, however many test scores for
this instrument have been reported in science journals.
The test consists of 40 multiple choice questions and the
total testing time is 40 minutes.

Because variables other than achievement and
understanding are important when looking for student
changes, three other test instruments were used in this

study but will not be reported on extensively. These are



the Semantic Differential Test, the Pupil Activity

Inventory, and the Learning Environment Inventory. A

questionnaire was also given to 52 science teachers in
eastern North Carolina. A copy of the questionnaire can
be found in the Appendix.

The Semantic Differential Test (SDT) was also

developed by Harvard Project Physics for their evaluation
purposes. This test was developed to measure students
attitudes toward science and how they would describe
concepts such as doing laboratory experiments and physics.
Testing time is twenty-five minutes.

The Pupil Activity Inventory (PAI) was designed to

determine the type of science related activities in which
the students engage. Testing time is about fifteen
minutes.

The Learning Environment Inventory (LEIL) test was

also written in conjunction with the evaluation of Project
Physics. The test was developed to determine classroom
~group properties and their relationships to student
behavior. This test consists of fifteen scales and 105
items. Goal Direction and Competitiveness are two examples
of scales. Testing time is forty minutes.

The Local Questionnaire given to the teachers in

this area was partly original and partly taken from a

Project Physics Questionnaire.



Administration of Tests

The pre-post testing situation which gives the
most valuable and complete data also consumes about six
hours of class time. Since it was felt that this amount
of time was excessive for a pilot evaluation, the tests
were given to only every other student. One student
would receive one test and another student in the same
class received another. Thus two different tests could
be given in one class period.

Letters were sent to various superintendents and
principals requesting their permission and cooperation to
test a specified class under a specific teacher. This was
done in the early fall of 1970. The teachers involved had
previously agreed to coopefate in the evaluation project.
From the list of those that agreed to participate, as
many as possible were included in the evaluation. The
limiting factor was the number of test booklets available,

The teachers were mailed test booklets, answer
sheets and instructions in early October for the pre-test

and again in late April for the post-test.

Scoring of Tests

All of the data collected from students was on
either a form 510 or 511 IBM answer sheet. All answer

sheets were scored by a Model 1231 optical mark page



reader. The PAT and TOUS results were then analyzed by a
standard test grading program using an IBM 360 Model 30
processing unit.

The SDT, PAIL, and LEI do not have specific answers
and therefore could not be run through the . standard test
~grading program unless only a frequency distribution was
needed. For this reason another way of analyzing the data
was necessary. Another problem which presents itself is
that many concepts in the SDT and LEI are deliberately
reversed in the test booklet and must be changed in the
final data analysis. The scores were reversed so that
students would not be tempted to consistantly mark the
positive position of the scale. Because some answers were
reversed a special program was used which would read any
answer on the sheet and would print any number for an
answer that the programmer requested. The data thus
generated was submitted to another program specifically
designed for one of the three tests mentioned and the
average scores were therefore obtained for the various test

instruments.



Chapter 2
LITERATURE SURVEY

A survey of education since the time of the Greeks
and Romans indicates that science was not held in very
high esteem. During the middle ages science was even less
recognized than it was during the time of the Roman
empire. Even during the time of the Renaissance, the
scholar did not consider science as a separate and worthy
subject. Modern science probably got its first foothold
by the use of inductive reasoning which had been suggested
by Sir Francis Bacon.l

Science was generally ignored by schools in
America prior to the year 1872. To understand why this
was so, one should first look into the early requirements
for entrance into Harvard University, and in the same
glance look at what was being taught in the Latin Grammar
Schools. The Latin Grammar School existed for nearly the
exclusive purpose of fulfilling the entrance requirements
of Harvard. To enter Harvard one needed the ability to

write Latin verse, prose, and to "read, construe, and

lGeorge W. Hunter, Science Teaching (New York:
American Book Company, 1934), pp. 15-16.




10

parse" ordinary Greek.2 The Latin Grammar School could
rnot find the rationale nor the time for science since the
University did not require it.

The public academy was developed between 1750 and
1850 as a school to enroll the non-college-bound student.
In contrast to the narrow restrictions of the earlier
Latin schools, the curriculum of the academy was more
practical. Natural philosophy, a forerunner of physics,
was a part of the curriculum.3

The entrance requirements of Harvard University
finally changed and in 1872 it announced that physics and
other sciences were accepted for college entrance. Within
a few years most of the other universities followed the
cxample set by Harvard. This led to the development of
detailed standards for the high school science course.4
..... cse science courses were developed exclusively as a
trerequisite for the student going to college. For this
Ywason, the science courses that were developed reached

standards greater than those attained previously.

21hid.

3Ellsworth S. Obourn and John H. Woodburn,
se2Chy ing the Pursuit of Science (New York: The Macmillan
*:r3“14 1965), pp. 169-71.

4 - : : .
Claude Gatewood, "The Science Curriculum Viewed
nally," The Science Teacher, XXXV (November, 1968),

e
-

io
21,



With the above background in mind, one should now
review what has developed in order to better understand
the future developments. Until about 1880, high schools
existed almost exclusively for college-bound students.
The average high school student was one who came from a
refined family. The high school students at that time
were an elite group. Since almost all of the students in
high school were to go on to college, eminent practicing
scientists developed an "elite" curriculum that would
prepare these students to enter their University classes,
The function of the high school science curriculum was
almost purely college-preparatory for an elite group of
students.

This type of curriculum may have been appropriate
and effective before this nation was transformed from a
largely agricultural to an industrial society. This
function was destined for change, however, and the cause

is to be found in the Kalamazoo Case of 1874 in which the

11

courts held that public taxes could be levied for building

and supporting high schools.5

Free, tax-supported high schools could now legally

be instituted by citizens. This meant that even poor

families could now send their children to school. An

Ibid.
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influx of average and below average students were now
flooding the schools. It was evident to everyone that

the "elite" science curriculum no longer satisfied the
needs of a majority of the students. The science
curriculum of the past was then redesigned and transformed
to meet the needs of all the nation's high school
students.6

The new science curricula were continually
"watered down" to the point that the science courses did
not resemble the same course that was being taught in 1870
or 1880. 7 Scientists also lost interest in overseeing
high school curricula. Their interests turned from
education to research as the era of "modern science" began
to unfold.8 For these reasons and others the quality of
science education continued in a decline.

The enrollment in high school physics classes has
been increasing steadily for several decades. However,
the total population of high school students has been
increasing at a rate far exceeding the rise in physics
enrollments. Figure 1 illustrates just how the enroll-

ments have been changing during this century. It is

61bid.

T1bia.

8Ibid.
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1900 1910. 1920 1930 1940 1950 1960

Year

Figure 1

Percentage of High School Pupils In Last Four Grades Taking
Physics

Percentage of High School
Students Taking Physics?

9Newsletter 1, "Decline in Physics Enrollments,"
Harvard Project Physics, Fall, 1964, p. 2.
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interesting to notice that the drop has been almost con-
tinuous since about 1895.

During the past 30 years, scientific discoveries
have come with increasing frequency to improve our lives.
The high school science course, however, remained an
unsophisticated and out-of-date version of what science

had been.1?

Scientists and mathematicians had begun
curriculum reform around 1952, but met with very little
success. The launching of Russia's Sputnik I was influ-
ential in starting curriculum changes. This event jolted
educators and laymen into making a more thorough investi-
~gation into the science teaching status in our nation.t?t
An increase in physics enrollments began about
1956. Two or three years later the increase stopped and a
decline began once more. The continuation of the decline
has caused great concern among professional organizations,
and high school physics teachers. There are facts, how-
ever, that to some extent refute the accepted opinion that
there is a percentage decline in physics enrollments.

In a study by Gladys S. Kleinman, there is

evidence to indicate there has been a large increase in

10Gatewood, pp. 18-21.

11Deborah P. Wolfe, "Trends in Science Education,"

Science Education, LIV (January-March, 1970), 72-75.
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physics enrollments.12

This study shows that in 1900, ten
percent of our 14-17 year olds attended high school.
Nineteen percent of those students were enrolled in
physics. This indicates that approximately two percent
of the total high school population received physics
education in a formal high school class in 1900, In 1965
about 80 to 90 percent of the potential high school
population was actually attending high school. Of this
~group, about five percent were enrolled in high school
physics. This means that in 1965 about four percent of
the total high school population was enrolled in physics.
The actual percentage change in the enrollments of high
school physics from 1900 to 1965 has therefore doubled.13
Since this study was completed the percentage of
the high school population, actually in school, has nearly
leveled off, while the percentage decline has continued in
physics.14 (From this point on in this study, decline in

physics enrollments will refer to a percentage decline and

not to a total number decrease.) This continued decline

12Gladys S. Kleinman, "All is Not Lost: The High
School Physics Enrollment Picture is Not as Black as it
Seems," The Physics Teacher, IIT (March, 1965), 120.

13

Ibid.

14Pake Committee for National Academy of Sciences,
"The Most Pressing Problems in Physics," The Physics
Teacher, VI (January, 1968), 33.




is of great concern to many people in science. They are
concerned about the total impact this lack of interest
will have on society and on our country.

Teachers, professional organizations, and others
ask if it is reasonable to allow high school graduates to
enter the labor market, vocational schools, or for that
matter any type of school or work force with the same
scieﬁtific literacy that was considered satisfactory in

1920.1°

Others feel that graduates from high school
without a sufficient science background may one day find
themselves standing in the job lines next to people who

have no high school diploma at all.16

Still others go so
far as to say that democracy is in danger of survival
with an uninformed people who are ignorant of scientific
technology.17

It seems reasonable to assume that those students
who are not going to college should get the best science

background in high school since they will probably not

have another opportunity in the future. The facts

15Milton O. Pella, "Science Needed by All,"
Science Teacher, XXXII (September, 1965), 51.

leNewsletter 1, "Importance of Physics Courses,"
op. cit., p. 4.

17G. Abegg and G. Crumb, "Why Not High School
Physics?" School Science and Mathematics, LXVI (February,
1966) , 211

16
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indicate, however, that the students composing the lower
three quartiles have been ignored in all science areas
except biology.18 The trend is to have college bound
students enroll in as many science courses as possible.
What happens to the other 75 percent of high school
students? Has the high school forgotten about the
majority? The problem is acute and must be eliminated as
quickly and efficientlv as possible. To do this one must
first understand the causes of the problem.

The reasons for low enrollments in physics are
many. This investigator will make a systematic explana-
tion of the most prominent reasons for the declining
enrollments. It should be noted that there is no single
cause of the problem, but a conglomeration of many which
all contribute to the overall problem.

Upon asking high school physics teachers why more
students did not take physics, the overwhelming reply was
that the students felt the course was either too difficult
or not suited to their abilities and desires.19 Science

has the general image of being cold, hard, and true.20

18Pella, op. €it., p. 52.

19V. J. Young, "Survey of Enrollments in Physics,"
The Physics Teacher, III (March, 1965), 117.

20Addison, E. Lee, "Current Problems in Science
Education," Science Education, XLIX (March, 1966), 147.




18

Are our physics teachers giving students the impression
that physics is hard, cold, and probably not suited to
their needs? If this is the case, then perhaps part of
the problem lies in the teacher.

"Physics teachers have been found to be more
poorly prepared than any other type of science teacher."2l
This is not because physics teachers are "lazy" in any
sense of the word. North Carolina in 1964 had 517 high
schools teaching physics in which 520 teachers taught a
total of 538 classes. This means that the usual case is
for one physics teacher to teach one class of physics in
almost every high school in the state.22 In 1971 this
researcher found the situation unchanged. It is clear
that the main teaching load of a "physics" teacher is not
physics but another subject, or perhaps two other subjects.
The teacher cannot concentrate his efforts on physics but
must prepare for possibly two other classes. Often, a

teacher who has had little or no college training in

physics is given the responsibility of teaching the course.

21P. W. Tweeten and R. E. Yager, "Science Cur-
riculum Trends in Iowa," School Science and Mathematics,
LLXVII (January, 1967), 32.

22N. D. Anderson and J. M. Goode, "The Status of
Physics Teaching in North Carolina" (Paper presented at
the Fourth Annual Conference on Recent Advancements in
Physics, December, 1965, Chapel Hill, North Carolina).
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Students today are involved with more school
activities and non-school activities than in the past.
They find they do not have time to do everything they want.
To resolve this problem many students take courses which
they feel will take less time and effort.23 Students are
many times looking for high marks rather than the subject
matter. They hear of courses that are easy to make good
marks in and yet require little effort. Physics hés a
reputation for not being such a course and therefore
students shy away from it.

High school counselors might also contribute to
the problem of enrollments in physics. Do counselors
really understand what physics is? Do they understand the
role physics plays in the future of education of youth?
_Perhaps counselors feel that physics is only for those
students who plan on becoming engineers or scientists.24
Counselors may think that since they got along without
physics, there is no reason for the average student to
study physics. This researcher admits that there is

little or no evidence of the effects high school counselors

have on the declining physics enrollments. The suggestion

23Clinton Kaufman, "High School Physics Enroll-
ments," The Physics Teacher, III (March, 1965), 120.

24Statement by R. Marshall Helms, personal inter-
view, July 29, 1970.
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that they do affect the enrollments must, however, be made.
Further evaluation and research must be done before any
concrete statements can be made.

Other stated causes for the decline in physics
enrollments range from, "the price that must be paid for
excellence,"25 to the nature of the rigorous prerequisites
which only about one-fourth of high school seniors
possess.26 Whatever the causes, something in the future
must be done to curb this decline. Various steps have
been taken in the past to stop this decline which started
about 1900. What have been the results, and what steps
have been taken?

"In the next five years the proportion of physics

students in high schools should be doubled. "2’

The quote
just mentioned was made‘by the American Institute of
Physics in 1960. In 1965, five years latér, the decline
in physics enrollments was continuing. Perhaps the
reason for the continued decline in those years was that

the truly major efforts to stop the decline did not begin

on a large scale until about 1965.

25Peter Thompson, "Unpopularity of Physics: A
Transient Anomaly," The Physics Teacher, VI (October,

1968), 364.
26

Kleinman, op. cit., p. 121.

27American Institute of Physics, Physics In Your
High School (New York: McGraw Hill Book Company, Inc.,
1960), p. 17.
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Selected Physical Science Curricula
Projects Implemented in this Decade

Curriculum changes constitute the major efforts
in trying to improve the reputation and enrollments in
physics. Introductory Physical Science (IPS) is a new
course taught at the ninth grade level. Laboratory
periods are scheduled often and it is hoped students will
be more interested and motivated as a result.

The Physical Science Study Committeg (PSSC)
initiated an aggressive program for the high ability
student in physics. PSSC physics is a "high quality"
course where laboratory experiments are used to prepare
the student for future work in physics and for research
in physical problems. Some critics of PSSC point out
that this course is beyond the ability of 60 percent of
the average physics students, and therefore the reputation
of the course will get so bad that only a few students
will enroll in it,2®

The Project Physics Course is the result of an
effort to curb the decline in enrollments by stressing more
of the humanistic side of physics. History and philosophy

in physics, a series of paperback books, single concept

28Oscar L. Brauer, "Attempts To Improve High
School Physics Education," Science Education, XLVII
(October, 1963), 373.




22

films, and other supplementary materials are found in this
program. With advanced mathematics not being a pre-
requisite, and with frequent laboratories, Project Physics
seems to be designed for the average students as well as
the above average ones.

Ideas and Investigations in Science (IIS) advocates
that it is devoted to making science exciting and relevant
for the educationally uninvolved student. The IIS project
is being directed by its originators, Harry K. Wong and

Malvin S. Dolmatz. The IIS program, directed to grades

9-12%

(1) stresses student success,

(2) 1is completely lab and experiment-centered,

(3) has a sixth grade reading level,

(4) has major conceptual themes as the basic
framework,

(5) involves the student in all major science
processes.

Another new curriculum project developed for
students in grades 7-9 is the Intermediate Science
Curriculum Study (ISCS). Perhaps the best way to describe

this course would be by quoting its main objective.

29The IIS Project, IIS Project News, Vol, 1,
Number 1, n.d.
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The basic objective of ISCS is to develop a
comprehensive science program for grades seven
through nine that is based on good learning theory,
consistent with modern science, and that provides
a vehicle whereby recent advances in pedagogical
technique can be assimilated into existing school
settings.30

Many courses just discussed have been reviewed in
journals. Wayne Welch and Arthur Rothman made a study on
the success of recruited students in the Project Physics
course (1968). The test instruments used were the

Physics Achievement Test, Test On Understanding Science,

Pupil Activity Inventory, and the Welch Science Process

Inventory. The study indicated that students recruited
in the Project Physics course gained as much or more than
those students who signed up of their own choice. 3t
In another study by Welch (1969) a course satis-
faction score was established from about 450 students
enrolled in the Project Physics course. The satisfaction
~grade was correlated with many variables. The findings of
this study indicated a significant positive correlation

between course satisfaction and achievement gains, greater

participation in science activities, and course grades.

3OIntermediate Science Curriculum Study,
Newsletter, Number 7, February, 1971.

314, W. Welch and A. I. Rothman, "The Success of
Recruited Students in a New Physics Course," Science
Education, LII (April, 1968), 270.
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Course satisfaction was negatively correlated with per-
ceived course difficulty.32
Physics teacher characteristics and student

learning were studied by Rothman, Welch, and Walberg
(1969). Their conclusions indicated that the teacher
personality and value system is more strongly related to
students' changes in physics achievement, attitudes
toward physics, and interest in science than are the
teacher's knowledge of physics, years of physics‘teaching,
preparation in physics and mathematics, and the history
and philosophy of science. It was also found that students
of teachers who engage in social activities with the
opposite sex and are regarded as attractive are more
likely to exhibit growth in the knowledge of the processes
of science, the understanding of science, and physics
achievement.33
In trying to further determine the causes for
declining enrollments in physics, a study by Welch and

Walberg (1967) indicated that nothing in the beliefs of

the physics teachers studied appeared to be a direct cause

32Wayne Welch, "Correlates of Courses Satisfaction
in High School Physics," Journal of Research in Science
Teaching, VI (January, 1969), 54.

33A. I. Rothman, W. W. Welch, H. J. Walberg,
"Physics Teacher Characteristics and Student Learning,"
Journal of Research in Science Teaching, VI (January,

1968}, 39.
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of low physics enrollments. The average physics teacher
in the high school wants more students and is capable of
absorbing almost double the enrollments. Welch and
Walberg did suggest possible reasons for declining
enrollments. Most of the reasons they presented have
already been discussed in this study.34

Welch (1968) did a study dealing with determining
some characteristics of high school physics students., He
found that the average physics student places a high value
on the pursuit of truth, is probably a school leader with
strong power and accomplishment drives. He is a senior
and generally plans to attend a four-year college or
university. He is likely to be bright compared to the
rest of his classmates and has developed a strong interest

. . . 35
in science and mathematics.

34W. W. Welch and Herbert J. Walberg, "Are the

Attitudes of Teachers Related to Declining Percentage

Enrollments in Physics," Science Education, LI (December,
1967), 436.

35Wayne W. Welch, "Some Characteristics of High
School Physics Students: circa 1968," Journal of Research
in Science Teaching, VI (March, 1969), 242.




Chapter 3
RESULTS

The data gathered from teachers will be presented
first so that one might compare their characteristics and
scores to those of the students. The teachers partici-
pating were, in most cases, physics teachers and physical
science teachers. The information collected fiom the
teachers consisted of a questionnaire, which contained
twenty-two items and a test score from the Test On

Understanding Science. Table 1 indicates some basic

characteristics of the teachers.

Other information gathefed from the questionnaire
indicated that 76% of the teachers in eastern North
Carolina feel their school does not have adequate labora-
tory equipment. This fact alone must indicate that there
is some dissatisfaction with the present science program
in our high schools. Upon asking if a teacher was in the
same school this year as last, 31% indicated they were
not. This relatively high level of reorganization might
cause considerable disorganization in our schools. It was
found from this questionnaire that 41% of the science
teachers took physics when they were in high school. This
seems to be a high percentage when considering that only

about 20% of all high school students ever take physics.



Item

I.

II.

IIX

IV.

Table 1

Characteristics of Teachers Surveyed

Sex:

Age:

Male

Female

25 or under
26-31
32-37
38-43
44-49
50-55
56-61

Highest Academic Degree:

Years

B.,A., B.8., or B.Ed.

B.A., B.S., or B.Ed. plus
some graduate work

M.A., M.S., or Ed.M.

M.A., M.S., or E4d.M. plus
additional graduate work

Since Bachelors Degree:

0--3

4-6

7-10

B T &

14 or more

Number of

Teachers Reporting

22
30

10
12
10

O O VW N O

27
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Table 2 indicates the teacher's present teaching
schedule of those surveyed.

The average number of sections taught by each
teacher is five. The course which is taught with the most
frequency is physical science with chemistry second, and
physics third. It should be remembered that the group
surveyed was not a random sample but a selected group of
teachers interested in physical science and physics.

The amount of physics the teachers had while in
college and institutes is reported in Table 3.

Upon asking the teachers which subject they would
teach if they had a free choice to teach just one, it was
found that thirty-seven percent would prefer to teach
physics. Thirty-one percent would prefer to teach
chemistry while only six percent preferred to teach
mathematics. Ten percent indicated they would prefer to
teach physical science. (Physics is usually taught in
twelfth grade, chemistry in eleventh grade, and physical
science in ninth grade.)

As noted earlier many teachers were administered
the TOUS instrument. Since this test has been used widely
and comparisons between groups are useful, a tabulation of
all available scores is reported in Table 4. The average
score for the thirty-four teachers tested was 39.79.

This compares favorably with the mean score of North
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Table 2

Distribution of Courses Taught

Total Number Average Number

Number of Teaching of Sections

Course Sections This Course per Teacher
Physics 47 32 1.45
Chemistry 59 25 2.36
Physical Science 87 27 3.22
Mathematics 13 5 2.60
Biology 29 15 1.93
Earth Science 4 2 2.00
Health and

Physical

Education 2 2 1.00
Other 18

Total 259 52 5.0



Table 3

College Physics Preparation of the
Teachers Surveyed

Number of Number of Teachers
Quarter Hours Reporting
3 or less 5
4-12 17
13-20 12
21-28 6
29-36 | 6
3744 1
45-52 2

53 or more 2
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Carolina Physical Science Teachers as found by Sheppard

in 1966.36 The mean score of the group analyzed by this
investigator compared unfavorably with the score of 42.5
made by teachers in a 1970 summer institute in physics at
East Carolina University. The average score of those
tested in this study is not surprising or unexpected since
the group tested was made up of some physical science
teachers and some physics teachers.

The TOUS test was given to a total of 611 students
which took a pre-test and a post-test. Any student who
did not take either the pre-test or post-test was
eliminated from the final analysis. The pre-test and
post-test scores were submitted to a correlated t-test.
The purpose of this test was to determine if a significant
increase had taken place in the post test scores. The
null hypothesis tested established is that there is no
significant difference between the pre-test and post-test
TOUS scores. Table 5 indicates the numerical results.

The statistical analysis indicates that the null
hypothesis can be rejected. The "t" value indicates that

the pre—-test and post-test scores are significantly

36Moses M. Sheppard, "The Relation of Various
Teacher and Environmental Factors to Selected Learnings
of Ninth-Grade Science Pupils" (Unpublished Ph.D.
dissertation, The Ohio State University, 1966).



Table 4

A Tabulation of TOUS Scores*

N. C. Physical
Science students
(9th) grade

Established
9th Grade Norm

Established
10th Grade Norm

Established
1ll1th Grade Norm

Established
12th Grade Norm

N. C. Physical
Science Teachers
Summer Institute

Participants in
Physics

College Freshman
Physics Classes

National Sample of

Male Physics

Students (12th Grade)

12th Grade Students

Recruited into a
Physics Class

Juniors and Seniors

in a Pre-Service
Institute for
Physics Teachers

32

Elementary Education

majors taking a

Standard
Mean Deviation Remarks
22.53 3.96 Sheppard (1966)
From Test
29.47 6.03 Manual
From Test
28.58 7.66 Manual
| | From Test
31.57 7.02 Manual
From Test
32.25 7.38 Manual
38.38 6.96 Sheppard (1966)
1970 E.C.U.
Summer
42.5 9.1 Institute
As measured at
35.3 6.8 E.C.U. Fall 1970
Wayne Welch
32.8 7.3 (1968)
Welch &
Rothman
32,0 3.5 (1968)
As measured at
E.C.U. Summer
45.8 3.6 1971
As measured at
E.C.U. Spring
35.3 5.2 1971

second science course
* All scores are pre-test scores
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Table 5

Means and Significance of Pre-Test and
Post-Test TOUS Scores

Possible Score Mean Mean of Differences

Pre-Test 60 19.52
8.04
Post-Test 60 27.55

t-value = 25.29 degrees of freedom = 610

t 2.62 significant at .01,
t 3.37 significant at .001.
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different at the .00l level of confidence. The conclusion
drawn from this is that the students' understanding of
science increased enough to cause a significant difference
in their pre-test and post-test scores.

In comparing the pre-test score with other scores
one finds the mean to be much lower than those found in
other studies. This may indicate that the earlier grades
in a student's education may not be teaching in the way
that students gain an understanding of science. The high
mean difference does seem to indicate that science courses
in the high school level are contributing to a student's
understanding of science. The mean difference in other
studies are reported as being approximately a 3.0 point
increase.

The TOUS scores were also broken down into two
groups. Both groups were physics classes, however one of
the groups was Project Physics oriented and the other group
was "traditional" oriented. The words "conventional" and
"traditional" used in this study refer to physics classes
which generally were designed for classroom lecture and
little laboratory work. To compare the groups to see if
there was a significant difference between the two in
the understanding of science, a one-way analysis of
variance was employed. The numerical results of the

analysis is found in Table 6.
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Table 6

Differences between Project Physics TOUS Scores
and other TOUS Scores

Source of Variance Degrees of Freedom F-Value
Between .012 1 .0001
Within 11599.8 147
Total 11599.82 148

F 3.90 for significance at the .05 level of confidence
Pre Post
26.66 34.40

Mean of Project Physics group

24.41 32«17

Mean of Traditional group
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The results clearly indicate that the F-ratio is
too low to be significant. The conclusion is that Project
Physics classes and traditional classes were not signifi-

cantly different as measured by the Test On Understanding

Science.

The Physics Achievement Test was analyzed in the

same way as the TOUS test. The pre-test and post-test
scores were submitted to a correlated t-test using the
East Carolina University computer program 9952.37 Table 7
indicates the numerical results of this study.

The conclusion drawn is that the student's
achievement in physics changed enough to cause a signifi-
cant increase in the pre to post test scores. Upon looking
at the mean difference between the pre-test and post-test
scores, one will notice only a change of three points.
Considering that about seven months of school had
transpired between the pre-test and post-test, the three
point increase sounds rather dismal.

In the evaluation of Project Physics when it was

in its trial stage, the investigators found an overall

37Another computer program gives a t-value and is
called COREL. The t-value in the COREL program was found
to give an uncorrelated t-value and was therefore not used
in this study. Both programs mentioned above are avail-
able at the East Carolina University Computing Center.
One should select with great care the correct program to
be used in analyzing data. '
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Table 7

Means and Differences of Pre-Test and
Post-Test PAT Scores

Possible Score Mean Mean of Differences

Bre~test 40 19.83
2.99
Post-test 40 22.82
t-value = 7.64 degrees of freedom = 155

t 2.617 significant at the .01l level of confidence
t 3.373 significant at the ,001 level of confidence

30'7333
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7.0 increase in the Project Physics group while a break-
down for this area shows that Project Physics students
only had a 4.7 point increase.38

Table 8 lists various Physics Achievement Test

scores as attained by other groups. This table is
included so that some comparisons might be made between
the group in this research and other groups. A conven-
tional group in the Project Physics evaluation had a
4.0 point increase, whereas the conventional group in
this study had only a 2.0 point gain. Table 9 presents
the means of the two groups mentioned.

The Project Physics evaluation purports fo have
used a random sample of teachers and students in their
evaluation. If this was indeed the case then both Project
Physics and conventional physics in this area compare
unfavorably with a national sample. The mean post score
for a national sample was 25.0, while the mean post score
for the eastern North Carolina group was 22.8.

The PAT scores for this study wére broken down
into two groups; Project Physics, and conventional. An

analysis of the differences can be found in Table 9.

38A. Ahlgren, "Evaluation of Harvard Project
Physics Course Interim Report," AAPT (February 3, 1969) 5.
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Table 8

A Tabulation of PAT Scores*

Standard
Mean Deviations
1. 12th Grade Students
Recruited into a
physics class39 16.0 4.3
2. Regular 12th grade
physics students40 18.0 5.1
3. College freshman
physics students
not having H.S. physics 18.4 4.5
4, College freshman
physics students
who have had H.S. physics 19.6 3.9

* All scores are pre-test scores

39W. W. Welch and A. I. Rothman, op. cit., p. 271.

4011 54.
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Differences Between Project Physics PAT Scores
and other PAT Scores

Source of Variance Degrees of Freedom F-value
Between 340.47 1

Within 3357.51 154 15.62
Total 3697.97 155

F 6.81 significant at the .01 level of confidence

Mean of Project Physics Group

Mean of Traditional Physics Group

Pre Post
21.18 25.89

18.84 20.56




41

The null hypothesis established in this case is
that no significant difference exists between Project
Physics achievement scores and the scores made by students
in a conventional physics class. The results of the
statistical analysis indicates that the F-value is large
enough to rejéct the null hypothesis at the one percent
level. The conclusion is that with the test instrument
used there was a significant difference between Project
Physics and conventional physics. Project Physics'
students scored significantly better. This might be
explained by the fact that a biased test was used. The
PAT was written specifically to evaluate Project Physics.
Another explanation might be that the Project Physics
group actually did gain more in achievement than other
groups. This possibility does not surprise this
researcher since those teachers using Project Physics
have been trained in using the course, they have a well
developed course to work with, and in most cases those
that teach this course are more highly trained in physics
than other physics teachers in the area.

The Pupil Activity Inventory (PAI) was given as a

pre and post test. The pre-test data will not be pre-
sented by this researcher. Further comments on the PAI

will be found in the section on suggestions. The most
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interesting results are presented in Table 10. The most
common percentages for responses of never and often are
5 to 15.

It is very interesting to notice that in almost

every case in the entire Pupil Activity Inventory the

majority of students responded to various activities by
saying that they either never or seldom participated in
that activity. The only major exception was question 34
which asked if they thought about problems like how the
earth, the sun, 'the stars, or life came to be. In this
case the majority said they did think about these problems
frequgntly and often.

A subjective conclusion of the data from this test
is that in general most students do not actively partici-
pate in science activities.

The Semantic Differential Test will be discussed

in terms of a selected frequency distribution. Table 11
presents such a distribution for several different
concepts and scales.

Students were asked to give their first impressions
to a scale such as worthless-worthwhile. If the student
felt the concept science was worthwhile he would mark 4 or
perhaps 5 on his answer sheet. Students answered about
150 usable scales in this test. A selected sample of

their responses are given in Table 11.



Table 10

Percentage Responses of Selected Questions
to the Pupil Activity Inventory Test¥*

Things I Have Done This Year I Have Done This Thing
Because I am Interested Never Seldom Occasionally Frequently Often

4, Built or repaired radio sets
or other electronic equip-
ment, because I am

interested 48 22 10 9 . 11
7. Used a home chemistry set 63 18 10
19. Used a microscope at home 57 17 14

34, Thought about problems like
how the earth, the sun, the

stars, or life came to be 4 12 26 25 33
46. Repaired electric lamps and

cords, because I like to 44 18 17 9 11
56. Spent time on preparing an

exhibit for a science fair 51 24 12 6 4
63. Made extra science models

and equipment : 48 31 14 5 2
68, Used field glasses to

study nature 42 27 18 7 5

* Summation of percentages may not equal 100 due to rounding of numbers.

134
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A Selected Frequency Distribution for

Worthless
Quiet
Hard

0ld
Worthless
Boring

Boring
Wasteful
Hard
Worthless

Worthless
Hard

the Semantic Differential Test¥*

O onu;m

|+

[6) S Ie)}

Doing Laboratory Experiments

o Ww WU

| =

12
13

N

AW w

LS

=W

2

5
5
22
21

Physics in my Life

2

13
7

Science
3 4
8 18
9 14
31 10
Physicist
3 4
14 24
17 29
14 21

3 4
11 20
13 27
40 21

42 17

3 4
30 22
29 20

5

50
48
56

3
60
51

8

9

3

22
30

Worthwhile
Lively
Easy

New
Valuable
Exciting

Exciting
Productive
Easy
Valuable

Valuable
Easy



Table 11 (Continued)

Learning about Science

12 3 4 s
Boring 4 5 10 21 58 Exciting
Wasteful 5 5 14 24 50 Productive
Hard 14 26 29 19 10 Easy

Physics

1 2 3 4 5
Dangerous 9 0 16 26 47 Safe
Involved 6 3 11 19 60 Uninvolved
Unimportant 37 32 22 4 3 Important
Boring 6 9 42 23 18 Exciting

Myself as a Physics Student

X 2 3 4 5
Cluttered 6 6 21 22 42 Orderly
Weary 5 6 27 29 33 Refreshed
Dull 1.1 7 26 17 38 Interesting
Hard 13 g 27 19 32 Easy

Solving Physics Problems

1 2 3 4 5
Complex 14 14 33 17 19 Simple
Cluttered 32 25 24 10 10 Organized
Dull 3 6 20 20 50 Interesting
Worthless 10 15 26 15 36 Valuable

* Scores are reported as percentages. Total score may
not equal 100 due to rounding of numbers.

45
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The first thing this researcher noticed in looking
at the responses was that the students were inconsistent
in their answers to various scales. The test was con-
structed such that usually three similar scales make up a
dimension and five dimensions make up a concept. An
example of a dimension is Interest which consists of the
scales: interesting-dull, exciting-boring, refreshed-
weary. In many cases the responses to two or three scales
in the same dimension were quite different. This might be
explained by the students becoming more conservative in
their answers as they proceeded with the test. A computer
program written to score this test gives the scores for
dimensions only so that in future studies the students
observed inconsistencies will be averaged.

Students generally categorized science as being
worthwhile and lively. They also felt that science was
neither exceptionally hard or easy. The average student
found laboratory experiments both exciting and productive
while not exceptionally easy.

One surprising result was under the concept
physics. When asked if the student felt physics was
important or unimportant almost seventy percent responded‘
by saying it was unimportant. One possible explanation
for this is found in another scale. Almost 70 percent of

the students questioned felt physics was uninvolved, . If
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the word uninvolved was interpreted by students as "not
being relevant" (this might very well be the case since

the other two scales making up the dimension difficulty

are consistant among each other but inconsistant with the

third scale uninvolved) then this might help explain why

70 percent felt physics was unimportant. Future
researchers should perhaps try to confirm how students

are interpreting the words involved and uninvolved.

Students also felt that solving physics problems
was interesting but somewhat cluttered.

The Learning Environment Inventory test was

administered to the students only once during the school
year. This test was not designed to be given as a pre-
post test but instead to measure the student's overall
learning environment in a particular class.

Data from this test is given for four different
classes so that comparisons might be made. Table 12
indicates percentage responses for different classes in
eastern North Carolina only. Each scale consists of
seven questions with the maximum score for each question
being four. Therefore, the total score possible for

each scale is 28.
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Table 12

Percentage Responses for the Scales of the
Learning Environment Inventory Test*

Physical
Scale Physics Chemistry Science Biology
N = 381 N = 158 N = 493 N =73
B P ¢ Pl B P Ut - R 18- T
oo ConeElveness =~ g3 29 - - 33 &9
5. Dive & 14.70 15.49 14.69 14.95
e Ve Y 2.0 2.5 2.2 _____ 2.3 __
. 18.32 17.79 16.69 17.77
3. Formality a7 2.9 2.9 3.1 __
4. Suesd 20.04 20.74 20.63 20.95
e e 3.4 3.6 3.0 3.3
5. Envi nment 16.10 16.61 17.20 16.78
oL e 3.2 3e 3.4 3.1 __
6. Friction 20.10 19.80 16.86 16.78
e 3.5 4.0 4.1 4.0
. . 17.38 17.80 17.95 17.84
feGoal Direction. 58 . 85 8.3 8.3
. 22.57 23.58 20.94 20.99
8. Favoritism 306 _____ 3.3 _______ 3.8 ____ 3.6 __
. . 19.02 18.93 17.91 17.40
9. Dafficulty 7303 3.2 3.2 2.7 __
18.25 18.45 19.47 19.23
10. Apathy 3.9 3.3 3.3 3.1 __
. 22.12 22.54 20.75 21.25
1l. Demgcpatic ~  ° 4.2 4.2 __ 3.7 _____ 3.5 __
) 17.11 16.96 19.53 20.0
l2sCliguemess =~ 58 - 3.2 28 9.5
] . 22.81 22.87 21.78 20.97
13. Satisfaction ~  "4lo 4.7 4.0 _____ 3.7 __
] ) . 19.67 18.54 20.46 21.14
14. bisorganization 305 317  3.12_____ 2.98__
e 20.26 18.72 19.69 19.40
15. Competitiveness 2.6 3.0 2.5 2.0

o - — - ———————————————————— . ————————————— —— - — ———p S~ ————— ——————

* Scores are reported as class means and Standard Deviations
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In comparing the scores of students in eastern

North Carolina.with scores of students in the northeastern

United States, it is generally found that classrooms in

this area show the following prOperties:4l

l.

teachers

13.

They are less cohesive

Tﬁey are less diversified

They are less formal

They have greater speed (students are rushed)
They have greater friction

There is less goal direction

There is more favoritism on the part of

They are less difficult

The students are more apathetic

The classes are more democratic

There is greater satisfaction among students
The disorganization is greater

The competitiveness is greater.

An interscale correlation for the LEI was

established on the basis of about 1100 observations. The

results of this analysis indicate: (All correlations are

significant at the one percent level)

41

For a complete explanation of each property or

scale see the Learning Environment Inventory Manual.
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l. Environment is positively correlated to Goal

Direction and Apathy.
2. Friction is positively correlated to Favorit-

ism, Difficulty and Democratic.

3. Goal Direction is positively correlated to
Apathy and negatively correlated to Democratic and
Satisfaction.

4, Favoritism is positively correlated to Fric-

tion, Difficulty, Democratic, and Satisfaction, and is
negatively correlated to Disorganization.

5. Difficulty is positively correlated to Fric-

tion, Favoritism, Democratic, and Satisfaction.

6. Apathy is positively correlated to Environ-
ment, Goal Direction, and Disorganization, and is nega-
tively correlated with Democratic and Satisfaction.

7. Democratic is positively correlated with

Friction, Favoritism, Difficulty, and Satisfaction and is
negatively correlated with Goal Direction and Apathy.

8. ©Satisfaction is positively correlated with

Friction, Favoritism, Difficulty and Democratic, and is
negatively correlated with Goal Direction and Apathy.

9. Disorganization was found to correlate posi-

tively with Apathy.



Chapter 4

SUMMARY AND CONCLUSIONS

Summary of Procedures

The purpose of this study was to learn more about
science education in the secondary schools of eastern
North Carolina and to develop a workable procedure for
future evaluation projects.

In attempting to learn more about the status of
science in this area, five different test instruments were
used. These tests were selected so as to measure as many
variables as possible. Generally these tests gave data
indicating a student's:

1. Undefstanding of Science

2. Achievement in Physics

3. Science activities

4, Attitudes in Science and Physics

5. Learning Environment |

The initial sample consisted of about seventy
science classes and the final sample consisted of about
forty classes. Lack of testing materials directly and
indirectly caused the approximately thirty class drop-out.

Computer programs were written to score three of

the five test instruments. The other two instruments
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were scored by a standard test grading program. Statisti-
cal analyses were run on each test separately. No attempt

was made to intercorrelate the wvarious test scores.

Summary of Results

1. Teachers' understanding of science compares
favorably with similar groups tested..

2. Students' understanding of science made a
significant increase from the pre-test to post-test.

3. Project Physics classes and conventional
physiés classes are not significantly different in their
understanding of science.

4. Students' achievement in physics increased
enough to cause a significant difference between pre-test
and post-test scores.

5. Project Physics classes and conventional
physics classes are significantly different in their
physics achievement as with the national Project Physics
evaluation program. The Project Physics group attained a
higher achievement in physics as measured by the PAT.

6. The Pupil Activity Inventory test seems to

indicate that students generally do not participate
frequently in any science related activities.
7. Students feel that science is both worthwhile

and lively. They also felt that science was neither
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exceptionally difficult or easy. The above conclusions are

based on data collected by using the Semantic Differential

Test.

8. The Learning Environment Inventory test

generally indicates that the classroom environment in
eastern North Carolina does not compare favorably with
schools in the northeastern United States.

9. All of the tests used in this study have been
of value. Several tests might be omitted or changéd. A
further discussion of tests can be found in the section

on recommendations.

Major Conclusions

1. The results presented indicate that students
in the sample studied gained in their understanding of
science and their achievement in physics as measured by
the test instruments. These increases lead this researcher
to conclude that the schools in this area are having some
success in the science education of students.

2. Other results from test instruments lead this
researcher to conclude that the local schools' learning
environment needs to be improved. The above conclusion is
based on results from the LEI test given in this area as
compared to test manual norms.

3. Students taking Project Physics seem to do as

well as other groups in their gain in understanding of



54

science and, in fact, do better in physics achievement
than other students taking physics as measured by PAT.

4. The teachers in this area have an understanding
of science which is comparable to other groups. This
would lead one to conclude that the teachers' understanding
of science in.this area is not a critical variable.

Recommendations Regarding
Procedures

In the course of doing this study several problems
have arisen which could have been avoided if time and
knowledge of these problems had been available. Sugges-
tions on how to avoid these pitfalls will be discussed in
this section.

1. Any evaluation of schools should be planned
with the school systems in the spring. Details as to when
the tests are to be given, who should give the tests, how
to give the tests and so forth, should be worked out with
the school test administfator. Test administfatbrs should
be used in order to prevent the teachers from scrutinizing
the pre-tests.

2. Identification numbers were established on
every student's answer sheet. This is very time consuming.
It is felt however, that the assets of this methodv
outweigh the problems associated with it. A computer

prcgram should be written which will read the pre-test
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identification number and score and match it with the
post test identification number and score. Then the data
can be read off for analysis by other programs.

3. The most efficient way this researcher found
for scoring tests and keeping classes separated was by
separating eaéh class of answer sheets by a blank sheet.
Then when the output data becomes available, the classes
will be separated by a card or paper with a zero for a
score. This then would indicate the separation of the
classes.

4. Any massive evaluation program will require
considerable computer time for scoring and analyzing of
tests. It is recommended that arrangements be made so that
all the data can be computer analyzed after regular hours.
This will help insure that the data is not misplaced and
will actually be more efficient for both the researcher
and the computing center.

5. The Physics Achievement Test (PAT) was given to

all physics students mainly because of its availability at
the initiation of this study. A different achievement
test in physics (one that is standardized) might be more
useful that the PAT.

6. One might wish to substitute for the Pupil
Activity Inventory (its overall research value is

guestioned by this researcher) a different data gathering
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instrument such as a Student Questionnaire (SQ), or perhaps

the Allport-Vernon-Lindzey Study of Values (AVL). Several

other testing tools also exist which might be considered

to replace the PAI.

RECOMMENDATIONS FOR FUTURE STUDIES

With Data on Hand

The following topics for future research studies
have come about due to this research.

1. The numbef of variables which interrelate the
teacher, the student, and test grades is large. For a
reasonable statistical analysis of all the data 6ne is
limited by the maximum number of variables a computer
program can handle. With the present computer available
the maximum number of variables is thirty-five. One
short study could be to identify all the variables possible
and then using some criteria select out the thirty-five
most important.

2. A study to determine what correlations exist
between teacher characteristics, teacher's TOUS scores and
the many variables possible would be worthwhile.

3. A researcher might investigate all the
students' test sccres and how they intercorreléte.

4. Another study which has merit is to determine

in which sciences classes the students gain least in their
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understanding of science and in which classes the students
gain most.

5. The ability to statistically equate groups
regarding a specific variable is accomplished by covari-
ance. Several studies. can come about using this technique.
For example one could equate student's learning environment
and then determine a correlation between a teacher variable
and student's test grades. This technique can be somewhat
abstruse and should be done under the direction of a
competent statistician.

6. Probably the most valuable research will come

from data collected using the Learning Environment

Inventdry test. Fifteen different scales describing the
classroom environment can be correlated with other vari-
ables such as student learning and students' attitude

changes.

For Collecting New Data

1. How do characteristics of teachers in this
area compare to those in other areas?

2. In another evaluation one might wish to
collect data on students' final grades and correlate this
to test data. Since final grades in one course is not
an indicator of the student's overall ability one might
also want to determine the student's rank in class or

perhaps his total number of quality points.
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3. It is possible to give teachers the Allport-
Vernon-Linzey Study of Values test and correlate the
scores of this test to the teachers characteristics and

students' achievement gains as measured under that teacher.



BIBLIOGRAPHY



BIBLIOGRAPHICAL ENTRIES
A. Books

American Institute of Physics. vPhysics in Your High
School. New York: McGraw-Hill Book Co., 1960.

Anderson, Hans O. Readings in Science Education for the
Secondary School. New York: The Macmillan Company,
1969,

Brandwein, Paul F. Building Curricular Structures.
Washington, D. C., National Science Teachers
Association, 1967.

Burnett, R. Will. Teaching Science in the Secondary
School. New York: Holt, Rinehart and Winston, 1957.

Cooley, W. W., and L. E. Klopfer. TOUS Manual for
Administering, Scoring, and Interpreting Scores.
Princeton, N. J.: Educational Testing Service, 1961.

Decker, Donald G., and others. Quality Science for
Secondary Schools. Washington, D. C., National
Science Teachers Association, 1960.

Ferguson, George A. Statistical Analysis in Psychology
and Education. New York: McCraw-Hill, 1966.

Games, P. A., and G. R. Klare. Elementary Statistics.
New York: McGraw-Hill, 1967.

Hunter, George W. Science Teaching. New York: American
Book Company, 1934.

Lacey, Archie L. Guide to Science Teaching. Belmont,
California: Wadsworth Publishing Company, Inc., 1966.

National Science Teachers Association. New Developments
in High School Science Teaching. Washington, D. C.,
1960.

. Quality Science For Secondary Schools.
Washington, D. C., 1960.

. Theory Into Action in Science Curriculum
Development. Washington, D. C., 1964.




61

National Society for the Study of Education. Rethinking
Science Education. Fifty-ninth Yearbook, Part I.
Chicago, Illinois: University of Chicago Press, 1960.

Obourn, Ellsworth S., and John H. Woodburn. Teaching the
Pursuit of Science. New York: The Macmillan Company,
1965. :

Richardson, John S. Science Teaching in Secondary Schools.
Englewood Cliffs, N. J.: Prentice-Hall, Inc., 1964.

Taylor, Paul H., and others. The Instructional Leader and
the School Science Program. Raleigh, North Carolina:
State Department of Public Instruction, n.d.

Walberg, H. J., and G. J. Anderson. Learning Environment
Inventory Manual. Centre for Learning and Development,
McGill University, Montreal, Canada, September, 1969.

Washton, Nathan S. Teaching Science Creatively. Phila-
delphia: W. B. Saunders Company, 1967.

B. Periodical Articles

Abegg, G., and G. H. Crumb. "Why Not High School Physics?"
School Science and Mathematics, LXVI (February, 1966),
211.

Atkin, J. Myron. "Behavioral Objectives in Curriculum
Design: A Cautionary Note," The Science Teacher,
XXXV (May, 1968), 27-30. ’

Atwood, Ronald K. "Team Teaching: New Models Are Needed,"
The Science Teacher, XXXVII (January, 1970), 59-60.

Barrileaux, L. E. "High School Achievement as Related to
Interest and I.Q.," Educational and Psychological
Measurement, XXI (Winter, 1961), 929-936.

Bennett, Clifford Jr. "Science Curricula Change:
Implications for Education," Science Education,
XL (April, 1965), 271-275. '

Bently, Glass. "The Scientist and the Science Teacher,"
The Physics Teacher, III (March, 1965), 123.




62

Boeck, €. H. and Washton, Nathan S. "Science in the
Secondary School," Review of Educational Research,
XXXI (June, 1961), 263.

Bork, Alfred M. "Computers In High School Physics,"
- The Physics Teacher, VI (September, 1968), 296-302.

Brauer, Oscar L. "Attempts to Improve High School Physics
Education," Science Education, XLVII (October, 1963),
372-376.

Bridgham, R. G. and W. W. Welch. "Physics Enrollments and

' Grading Practices," Journal of Research in Science
Teaching, VI (January, 1969), 44-46.

Butts, DPawvid P. "Does Experience Equal Understanding?"
Science Teacher, XXX (December, 1963), 81-82.

Chappell, Winston and others. "Experiment in Integration,"
Education Digest, XXXV (January, 1970), 38-41.

Cohen, Ronald D. "Programs in Science Education,"
Science Education, LIV (April-June, 1970), 179-181.

Commoner, Barry. "Is Science Getting Out of Hand?"
The Science Teacher, XXX (October, 1963), 11-16.

Cowan, Donald A. "Physics and the Future of Teaching;"
The Physics Teacher, VI (May, 1968), 115-117.

Crane, H. Richard. "Better Teaching with Better Problems
and Exams," Physics Today, XXII (March, 1969), 134-
135.

Crumb, Glenn H. "School Structures versus The Science
Curriculum," Science and Children, VII (November,
196%), 31-35. :

Deventer, W. C. "Toward A 'Comparative Anatomy' of the
Curriculum Studies," Science Education, L (March,
1966) , 196-203.

Drozin, V. G. "What Should Be Done to Increase the
Enrollment in Physics," The Physics Teacher, IV
(January, 1966), 23-33.

Fowler, John M. "The Interdisciplinary Curriculum,"
Physics Today, XXI (March, 1968), 58-61. g




63

Fowler, Seymour H. "Some Trends in Secondary School
Science Education," Science Education, XLIX (March,
1965), 183-184.

Francis, Gladys M., and Hill, Casper W. "A Unified
Program in Science for Grades Nine Through Twelve,"
The Science Teacher, XXXIII (January, 1966), 34-36.

Gatewood, Claude. "The Science Curriculum Viewed
Nationally," The Science Teacher, XXXV (November,
1968), 18-21.

Holton, Gerald. "Projects Physics. A Report on its
Aims and Current Status," The Physics Teacher, V
(May, 1967), 198-200.

Hounshell, Paul B. and Edwin L. West, Jr. "Trends in the
Teaching of Science," Education Digest, XXXV (April,
1970), 25-~28.

Hubler, H. Clark. "Reshaping the Curriculum in a World
of Science," Science Education, XLVIII (March, 1964),
117-120.

Hutchinsson, Elmer. "Physics in Our High Schools--A
National Problem," The Physics Teacher, II (November,
1964), 385.

"IIS Project News," The IIS Project, Vol. 1, Number 1,
n.d.

Intermediate Science Curriculum Study Newsletter, Number 7,
February, 1971.

Jacobson, Willard. "A Brighter Future in Science
Education," The Physics Teacher, VII (November,
1969), 439-443.

Jennings, James B. "Selling Physics," The Physics Teacher,
VI (October, 1968), 366.

Kaufman, Clinton. "High School Physics Enrollments,"
The Physics Teacher, III (March, 1965), 120.

Kerr, John F. "Science Teaching and Social Change,"
School Science Review, LXVII (March, 1966), 301-309.




64

Kleinman, Gladys S. "All is Not Lost: The High School
Physics Enrollment Picture is Not as Black as it
Seems!" The Physics Teacher, III (March, 1965), 120-
121.

Lee, Addison E. "Current Problems in Science Education,"
Science Education, XLIX (March, 1965), 146-151.

Marin, Henry C. "Comments Regarding Our Low Physics

' Enrollment," The Physics Teacher, III (March, 1965),
118.

Mays, Katherine. "Increase Your Physics Enrollment,"

The Physics Teacher, VL (March, 1968), 133.

News of the Institute. "Precollege Physics Report,"
Physics Today, XIX (October, 1966), 9.

Newsletter 1. "Decline in Physics Enrollments," Harvard
Project Physics, Fall, 1964, p. 2.

. "Importance of Physics Courses," Harvard
Project Physics, Fall, 1964, p. 2.

Norton, Jerry L. "The Need For An Activity Centered
Science Program," Science Education, XLVII (April,
1963) , 285-291.

NSTA. Theory Into Action in Science Curriculum Develop-
ment. Washington, D. C., 1964.

Pake Committee for National Academy of Sciences. "The
Most Pressing Problems in Physics," The Physics
Teacher, VL (January, 1968), 33-34.

Pella, Milton O. "Science Needed by All," Science
Teacher, XXXII (September, 1965), 51-52.

Pratt, Harold. "On the DPeclining Enrollment in Physics,"
The Physics Teacher, VL (October, 1968), 365.

Robinson, B. C. and T. E. Keefe. "Found: The Missing
Physics Students," Science Teacher, XXXV (January,
1968), 67-68.

Rothman, A. I., W. W. Welch, and H. J. Walberg. "Physics
Teacher Characteristics and Student Learning,"

Journal of Research in Science Teaching, VI (January,
1968), 59.




65

Sacks, Bernhard A. "High School Physics: Green Teachers,
Black Boxes, Red Tape," The Physics Teacher, IV
(March, 1966), 123-125.

Schwartz, Allan J. "An Alternative Approach to Teaching
Physics," The Physics Teacher, VI (March, 1968),
126-127.

Shamus, Brother, C. F. X. "A High School Physics Survey,"
The Physics Teacher, III (March, 1965), 121-124.

Slawson, Wilber S. "Bases of Science Curriculum Develop-
ment in The Future," The Science Teacher, XXXV
(March, 1968), 22-26.

Stebbins, D. W. "Stimulating A Greater Interest In
Physics," The Physics Teacher, VI (March, 1968), 132.

Tanner, Thomas R. "The Science Curriculum: Unfinished
Business for an Unfinished Country," Phi Delta
Kappan (March, 1970), 353-356.

Thompson, James J. "A New Method of Science Teaching,"
Science Education, XLVIII (October, 1964), 390-392.

Thompson, Peter. "Unpopularity of Physics: A Transient
Anomaly," The Physics Teacher, VI (October, 1968),
364.

Tweeten, P. W. and B. E. Yager. "Science Curriculum
Trends in Iowa," School Science and Mathematics,
LXVII (January, 1967), 31-36.

Tyler, Ralph W. "Forces Redirecting Science Teaching,"
The Science Teacher, XXX (October, 1962), 22-25.

Walberg, Herbert J. "Dimensions of Scientific Interests
in Boys and Girls Studying Physics," Science Educa-
tion, LI (February, 1967), 111, 116.

. "Structural and Affective Aspects of Classroom
Climate,"” Psychology in the Schools, V (November,
1968), 247-253.

. . "Teacher Personality and Classroom Climate,"
Psychology in the Schools, V (September, 1968),
163-169.




66

Walberg, Herbert J., and W. W. Welch. "Are the Attitudes
of Teachers Related to Declining Enrollments in
Physics?" Science Education, VI (December, 1967),
436-442.,

Weir, Edward C. "The Stone on the Mountain," Phi Delta
Kappan (March, 1970), 401-402.

Welch, Wayne W. "Correlates of Course Satisfaction in
High School Physics," Journal of Research in Science,
VI (January, 1969), 54-58.

. "High School Physics Enrollments," Physics
Today, XX (January, 1967), 9-13.

. "Some Characteristics of High School Physics
Students: circa 1968," Journal of Research in Science
Teaching, VI (March, 1969), 242-247.

and A. I. Rothman. "The Success of Recruited

Students in a New Physics Course," Science Education,
LIXI (April, 1968), 270.

"Why is High School Enrollment Not Keeping Up With the
School Population?" The Physics Teacher, November,
1964, p. 389.

Wolfe, Deborah P. "Trends in Science Education," Science
Education, LIV (January-March, 1970), 72-75.

Yale, F. G. "Why Are High School Students Avoiding the

Physical Sciences?" Science Education, L (October,
1966), 325-328.

Young, V. J. "Survey of Enrollments in Physics," The
Physics Teacher, III (March, 1965), 117.

Zeitlow, Carl R. "Enrollments in Physics," The Physics
Teacher, III (September, 1965), 273.

C. Others

Ahlgren, A. "Evaluation of Harvard Project Physics Interim
Report," AAPT (February 3, 1969), p. 5.

Brandwein, Paul. "Trends in Science Education." Address

at University of North Carolina-Greenshoro, October 18,
1969.



67

Dough, Robert L. Personal Interview. August 5, 1970.
Helms, R. Marshall. Personal Interview. July 22, 1970.
Rutherford, F. James, and others. Harvard Project

Physics Progress Report. Cambridge, Massachusetts:
Harvard University, 1967.

D. Unpublished Works

Anderson, N. D., and J. N. Goode. "The Status of Physics
Teaching in North Carolina," Paper presented at the
Fourth Annual Conference on Recent Advancements in
Physics, December, 1965, Chapel Hill, North Carclina.

Sheppard, Moses M. "The Relationship of Various Teacher
and Environmental Factors to Selected Learnings of
Ninth-Grade Science Pupils," (Unpublished Ph.D.
dissertation, The Ohio State University, 1966).



APPENDICES



APPENDIX A

Information Form and Numerical Responses

1970-71 IN-SERVICE INSTITUTE

Department of Science Education East Carolina University

Information Form

Mr.
Mrs.
Miss (1-6)
School (7-8)
Address
Zip 01(9-10)
I. Age?
5 1) 25 or under 7 6) 50 - 55
7 2) 26 - 31 1 7) 56 - 61
10 3) 32 - 37 8) over 61
12 4) 38 - 43
10 5) 44 - 49 (11)
II.  Sex
22 1) Male
30 2) Female (12)

III. Highest Academic Degree?

1) No college degree as of yet
15 2) B,A., B.S., or B.Ed.
20 3) B.A., B.S., or B.Ed., plus some
graduate work
8 4) M.A., M.S., or Ed.M.
9 5) M.A., M.S., or Ed.M. plus
additional graduate study
6) Ed.D. or Ph.D. (13)



IvV.

VI.

VII.

VIII.

APPENDIX A (Continued)

During the last 12 months, how many professional
meetings have you attended?

~J{ 00| \O| OO| v>»

1)
2)
3)
4)
5)

1 6 6)
2 1 7)
3 2 8)
4 6 9)
5

Years since Bachelors Degree

O] OV O] N[ O

1)
2)
3)
4)
5)

0o -2

4 - 6

7 - 10

11 - 13

14 or more

What is the approximate total enrollment
your school?

2
8
12
9
11

1)
2)
3)
4)
5)

0 - 250 4 6)
251 =_ 500 4 7)
501 = 750 8)
751 - 1000 1 9)
1000 - 1250

The school is

50
!

1

How would you classify your school with regard to

1) Public

2) Independent

3) Church affiliated
4) Other (Specify)

6

7

8

9 or more
(14)
(15)

of

1251 - 1500

1501 - 1750

1751 - 2000

over 2000
(16)
(17)

to area it serves?

10

1)
2)
3)
4)
5)
6)
7)
8)

9)

Urban: Stable population

Urban: Transient population

Urban: Ghetto

Suburban: Upper income level
Suburban: Upper and middle income level

Suburban: Middle income level

Town
Rural
Other (Specify)

(18)

70



IX.

XI'

XII.

XIIT.

71

APPENDIX A (Continued)

For how many years have you held your present
position?

10 1) 0 3 6) 9 - 10
13 2) 1 -2 1 7) 11 - 12
3 3) 3 -4 4 8) 13 - 14
10 4) 5 - 6 5 9) 15 or more
3 5) 7 - 8 (19)
What fraction of your teaching time is devoted
to teaching physics?
40 1) one-third or less
7 2) one-third to two-thirds
4 3) more than two-thirds (20)
What was your primary undergraduate major?
(Check one)
13 1) Biology
11 2) Chemistry
3) English
4) Education
2 5) Mathematics
2 6) Physics
12 7) Science Education
8) Social Studies
12 9) Other (Specify) (21)

Do you feel your school has adequate laboratory
equipment?

12 1l) yes
38 2) no (22)

Identify the basic text you are now using if you
teach physics.

1) HPP

2) PSSC

3) Physics (D.C. Heath and Co.)

4) Concepts in Physics

5) Matter and Energy

6) Other (Specify) (23)

!
N0 O W

'_.I




XIV .

XVII.

XVIII.

12

APPENDIX A (Continued)

Identify the basic text you are now using if

you teach a physical science class.

1 1) Physical Science - A Laboratory Approach
1} 2) Introductory Physical Science
11 3) Inquiry Into Physical Science
6 4) Exploring Physical Science
1 5) Quantitative Physical Science
24 6) Other (Specify) (24)

Are you teaching in the same school this year as
last year?

33 1) yes
15 2) no (25)

If you had a free choice to teach only one
subject, which one would it be? (Check one)
5 1) Biology
16 2) Chemistry
1 3) Earth Science
4) English
5 5) General Science
3 6) Mathematics
19 7) Physics
8) Social Studies
3 9) Other (Specify) : (26)

How would you rate science fairs or other
science contests?

7 1) Extremely worthwhile
-9 2) Very worthwhile
27 3) Moderately worthwhile
4 4) Not very important
3 5) Definitely a waste of time and effort
(27)

How many quarter hours of physics did you have
in college? (Undergraduate and graduate)

5 1) 3 or less 6 5) 29 - 36
17 2) 4 - 12 1 6) 37 - 44
12 3) 13 - 20 2 7) 45 - 52
6 4) 21 - 28 2 8) 53 or more (28)
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APPENDIX A (Continued)

XIX. Did you take physics when you were in high school?
20 1) yes
29 2) no (29)
XX. How is your school best characterized?

(Check one)

1 1) General Education

1 2) Technical Education

8 3) College preparatory

5 4) Othur (specify) (30)
%X7T What is your present teaching schedule. (Give

numbers of sections taught)

47 Physics (31)

59 Chemistry (32)

87 Physical Science (33)
13 Math (34)

29 Biology (35)

4 Earth Science (36)

2 Health & P.E. (37)

18 Other (specify) (38)

XXII. What is your approximate distance from East

Carolina University?

2 1) less than 10 miles
2) 10 - 25 miles
16 3) 25 - 50 miles
21 4) 50 - 100 miles
11 5) more than 100 miles (39)



46.

55.

APPENDIX B

Sample Questions from the Semantic

STARTING

CLUTTERED

REFRESHED

ENDING

VALUABLE

BORING

IMPORTANT

HAPHAZARD

SIMPLE
NEAT

CONFUSING

INTERESTING

PRODUCTIVE

EASY

NEW

Differential Test

PHYSICS IN MY LIFE

FINISHING

ORDERLY

WEARY

BEGINNING

WORTHLESS

EXCITING

UNIMPORTANT

CAREFUL

COMPLEX

MESSY

74

UNDERSTANDABLE

DULL

WASTEFUL

HARD

OLD



APPENDIX C

Sample questions from the Pupil Activity Inventory Test

THINGS I HAVE DONE THIS YEAR I HAVE DONE THIS THING

17.

18.

19,
20.

21,

22 .

23 .

24,

25.

BECAUSE I AM INTERESTED Never Seldom Occasionally Frequently Often
Took notes on extra science 1 2 3 4 5
reading.

Experimented with photographic 1 2 3 4 5
equipment or developed prints.

Used a microscope at home. 1 2 3 4 5
Did extra reading about % 2 3 4 5
inventions.

Did extra problems in my i B 2 3 4 5
school science work.

Talked with fellow students i 2 3 4 5
about scientific topics,

because I am interested.

Tried to find out about 1 2 3 4 5
atomic energy.

Hung around with people who 1 2 3 4 5
work with scientific things.

Studied pictures of scientific 1 2 K 4 5

things in books and magazines,
because I am interested.

SL



16.

1 «

18.

19.

20.

21

22.

23.

24.

APPENDIX D

Sample Questions from the Learning

Environment Inventory Test

The class has rules to guide its
activities.

Personal dissatisfaction with the

class is too small to be a problem.

A student has the chance to get to
know all other students in the
class.

The work of the class if fre-
gquently interrupted when some
students have nothing to do.

Students cooperate equally with
all class members.

Many students are dissatisfied
with much that the class does.

The better students are granted
special privileges.

The objectives of the class are
not clearly recognized.

Only the good students are given
special projects.

Strongly agree

'—l

Agree

Disagree

w
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Strongly disagree

>



