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A study of science objectives was made among forty-
five high-school teachers of physical science and physics
in eastern North Carolina, in order to determine (1) the
objectives in science teaching which they hold most impor-
tant, (2) differences between the objectives expressed by
the physical science and physics teachers, and (3) dif-
ferences between objectives held by the teachers and a
panel of professors.

The information was gathered in two parts: (1) a
statement of objectives from the teachers, and (2) evalua-
tion of a list containing fifty-seven possible objectives.
In addition, the panel of professors were asked to classify
these fifty~seven items into categories. The first part
(subjective part) yielded information concerning the
objectives that the teachers held most important, some
differences between physical science and physics teachers
as well as the variety of objectives stated by them. In
order to facilitate the study, the teachers' statements
were categorized and tabulated into six categories and

twelve sub~categories. The evaluation of the fifty-seven



items (objective part) also allbwed for comparison of the
teachers with the panel of professors (judges). Compari-
sons were made using "mean score" values for every person
and mean values for each item; Analysis of variance was
applied to determine differences in the ranking of all

the items between teachers and judges as well as evaluation
of items grouped in categories.

It has been concluded that the teachers' main con-
cern is to teach the scientific methods primarily for the
purpose of developing certain characteristics such as
skills, abilities and critical thinking. To have the
students learn about the world around them was placed
second in importance followed by the appreciation of the
importance of science., There were no outstanding dif-
ferences between the responses of the physical science and
the physics teachers. However, there were minor differ-
ences such as a tendency of the physics teachers to
emphasize the preparation for a scientific career and
content knowledge more than the physical science teachers.,
Finally, no significant difference was found between the
teachers and the judges concerning the ranking of the
fifty-seven items of the list. They showed a good agree-
ment with respect to types of objectives which were most

emphasized as well as to the items which should not be



considered as teaching goals. The humanistic aspects of
science were not emphasized as much as the above mentioned

ones.
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Chapter 1
INTRODUCTION

There is no doubt of the relevance of science in
all aspects of life at the present time. This makes it
essential to pay constant attention to the scientific
education of the youth. At East Carolina University,
efforts are being made to improve the teaching of science
at all levels.

To be able to take effectivé steps towards the
promotion of good teaching in the secondary schools it is
necessary to know as much as possible about the way in
which science is presently being taught. Several different
studies are being carried out in the Science Education
Department and are leading to a better understanding of the
situation in the eastern North Carolina area. The National
Science Foundation (NSF) partially supports these efforts
through an In-Service Institute in Physics for secondary
school teachers of physical science and physics. This
thesis reports the results of a study of obj?ctives in
science teaching of teachers of physical science and

physics.



DEFINITION OF THE PROBLEM

This study can be summarized as an attempt to find

out what science objectives are held by the physical
science and physics teachers in eastern North Carolina at
the secondary school level. More specifically, it is
intended (1) to determine the objectives in science teach-
ing which the teachers of the area hold most important,
(2) to indicate, if any, differences between the statements
~given by physics teachers and physical science teachers and
(3) to compare the objectives of the teachers with those of
a panel of professors.

The importance of such a study is based on the
assumption that the effectiveness of a teacher is related
to the objectives in which he believes. As Hurd stated:
"good teachers have reasons for the ways in which they
work; these reasons are ekpressed in.terms of educational

objectives."l

Justification of the Probléem

In the past, science educators in the United States
have conducted many studies concerning science objectives,

some studies have extended to the whole country while

: 1Paul De Hart Hurd, Biological Education in
American Secondary Schools 1890-1960 (Washington: American
Institute of Biological Sciences, 1961), p. 176.




others were confined to a region. With regards to eastern
North Carolina, there has been a thorough study related to
the structure and dynamics of science teaching at the
junior and senior high school level.2 However, this field
of study has not been exhausted and there is a definite
need for continuous research in this area. Furthermore,
there is interest in having a more up-to-date survey so
that plans to improve the science teaching of this area
can best be prepared. In analyzing the objectives, ways
may be determined to better understand and help with the

problems of science teaching.

Delimitations

This study was subject to the following delimita-
tions:

1. The research was based on information given by
forty-five sciénce teachers attending the NSF In-Service
Institute.

2., These teachers teach the junior or senior high
school level.

3, The teachers are presently teaching one or more

of the following subjects: physical science, physics,

2Moses M. Sheppard, "The Relation of Various
Teacher and Environmental Factors to Selected Learnings of
Ninth~Grade Science Pupils" (Unpublished Doctor's disserta-
tion, Ohio State University, 1966).



biology, chemistry, and mathematics, but all of them have
at some time taught physical science or physics.

4. These teachers come from the eastern North
Carolina area.

5. Their answers to the questionnaire are based on
the teaching of physical science or physics.

6. There has been no attempt to correlate the
objectives held by these teachers with their experience in

science or science teaching or with any other factors.
DEFINITION AND DISCUSSION OF TERMS

In many studies which refer to objectives, words
such as objective, goal, aim or outcome have been used
interchangeably. 1In order to clarify these ideas, Good's

Dictionary of Education has been used to search for simi-

larities or differences among the above terms. The follow-
ing meanings are given:

Objective: "aim, end in view, or purpose of a
course of action or a belief; that which is anticipated as
desirable in the early phases of an activity and serves to
select, regulate, and direct later aspects of the act so
that the total process is designed and integrated."
| Aim: "a foreseen end that gives direction to an

activity and motivates behavior. Syn.: goal."



Goal: "an aim or purpose; the objective or end to
be attained in any behavior situation."

Outcome: "change in behavior resulting from learn-
ing (not to be confused with objective which is a desired
result)."3

According to the Dictionary there seems to be no
significant difference between objective, aim and goal.

In addition, the Dictionary distinguishes five types of
objectives: general, immediate, indirect, specific and
ultimate.

Many authors have given their own definition of the
terms defined above. For example, Brandwein, Watson and
Blackwood have stated that ". . . when we try to have the
student do as the scientist does, we have specific objec-
tives,.goals, aims, purposes, or whatever word you wish to
use which signifies 'why you are doing what you are doing'"
and furthér on: "objectives are personal, are based on
knowledge of the special teaching situation, and should

have the flavor of personal thought and statement."4

Hunter admitted that the words "objective, outcome,

3Carter V. Good (ed.), Dictionary of Education
(New York: McGraw-Hill Book Co., 1959).

4Paul F. Brandwein, Fletcher Watson, and Paul
Blackwood, Teaching High School Science: A Book of Methods
(New York: Harcourt, Brace and Co., 1958), p. 86.




aim and goal seem to have been used by different authors
rather promiscuously." For that reason, he gave the
following terms in a descending order of generalization:
ultimate goal, which would be the most general term, then
ultimate aims, which would be attainable through objec-
tives. He allowed two ways for expressing objectives: in
terms of acquisition of specific knowledge or in broader
terms of interests, ideals, attitudes, appreciations or
abilities.5 Therefore, there are specific and generalized
objectives. The objectives that have been studied in this
thesis are mostly expressed in broad terms. However, as
these come from different sources it is difficult to set a
unique definition of terms and have general agreement.
More recently, Mager defined the term objective as
"én intent communicated by a statement describing a pro-
posed change in a learner. . . . It is a description of a
pattern of behavior we want the learner to be able to
demonstrate."6 This is the definition of what today is
called behavioral objective or instructional objective.
This term has been discussed considergbly by science educa-

tors in recent publications. The definition®of behavioral

5George W. Hunter, Science Teaching at Junior and
Senior High School Level (New York: American Book Co.,
1934), p. 58.

6Robert F. Mager, Preparing Instructional Objec-
tives (Palo Alto: Fearon Publishers, 1962), p. 3.




objective according to the Encyclopedia of Educational

Research is the following:

Behavioral Objective: "statement of purpose which

describes desired student behavior and indicates the con-
tent through which the behavior is to be developed."7
This definition, as well as Mager's corresponds to what
Good's dictionary defines as outcome. Those authors who
consider an objective a "setter of direction" and not a
terminal behavior disagree with the given definition.

Behavioral objective, apparently, is a recently coined term

since it is not found in Good's Dictionary of Education

(1959) . Behavioral objective seems to differ from the term
"objective" in that a behavioral objective refers to a
terminal behavior whereas a general objective appears to be
an indicator of direction. However, this study deals with
more general objectives than behavioral objectives.

When mentioning or listing science objectives, they
are frequently expressed in tefﬁs of "knowledge of" or
"understanding of." Sometimes these two expressions are
used as if they were equivalent. Nedelsky explains the

difference as follows:

Knowledge: to be able to recall the content, that

7Robert L. Ebel (ed.), Encyclopedia of Educational
Research, American Educational Research Association
(Toronto: The Macmillan Co.-Collier-Macmillan Canada Ltd.,
1969), p. 911.




is, laws, theories and other assertions presented in the
course.

Understanding: to be able to use the knowledge of

a portion of subject matter in a new context or situation
which requires more than a simple application of rules
taught in the course.8

Therefore, these are clear differences between the two
terms which must be carefully observed when formulating
science objectives in order to really know on what base
the class work must be organized and what is expected from
the student. This difference has been kept in mind when
categorizing the teachers' stated objectives and it was
also kept in mind when formulating the list of objectives
for the teachers to rate.

It was considered useful to give the range of
~grades that are implied in the terms junior, senior and
high schobl, because the courses in physical science and
physics are normally given in the ninth grade and twelfth
~grade respectively. Possible definitions of these terms
are as follows:

Junior high school: Institution offekring courses

from seventh through ninth grade.

8Leo Nedelsky, Science Teaching and Testing (New
York: Harcourt, Brace and World, 1965), p. 21.




Senior high school: Institution offering courses

from tenth through twelfth grade.

High school (composite school): Institution offer-

ing courses from ninth through twelfth grade.
GENERAL PROCEDURE FOR COLLECTION OF DATA

In order to obtain information on the objectives of
the physical science and physics teachers, a questionnaire
was given in two parts. It was given to the teachers while
they were attending meetings of the In-Service Institute.

In the first part, which is to be identified as the
subjective part, the teachers were asked to state briefly
their major science objectives when teaching a physical
science or a physics course. The form used is given in
Appendix A. Teachers who worked with both courses were
told to answer for both courses if they wished or to state
their objectives for physics only. They were given a time
limit of ten minutes to answer, so that hopefully those
ideas which were foremost in their minds were obtained.

In the second part, to be referred to as the objec-
tive part, the teachers were presented with a list of 57
possible.objectives (see Appendix B), and they were to rank
"each objective on a 1, 2, 3, 4, 5 scale according to the
degree of importance they rated for each one. An answer

of 1 meant that the statement was considered a main objec-
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tive while an answer of 5 meant that the statement was not
an objective at all. A 2, 3 or 4 represented a choice
between these two extreme cases. The choices were written
on an IBM answer sheet to facilitate tabulations. The
teachers were given twenty minutes in which to answer this
section. The list was also submitted to a panel of profes-
sors (judges) who were instructed to rank the objectives
according to their ideas concerning a high school physics
course. They were also asked to classify these 57 items
into seven categories that were presented to them in the
form shown in Appendix C. The categories thus obtained
were used to compare the rankings of the teachers and the
judges for objectives within specific areas.
SOME CHARACTERISTICS OF THE
SAMPLE STUDIED

The information for the present study was gathered
during the fall quarter of 1970. The participating
teachers were asked to state what courses they were teach-
ing at the time of the survey. As it is shown below not
all the teachers were teaching physics or physical science.
However, they had taught physics previously so they stated
~their objectives as intended for a physics course. This
increases the number of physics teachers from 11 to 15. It
must be noted that the physical science and physics

teachers were also teaching other courses. The distribu-



i |

tion of the teachers according to the subject they were

teaching is the following:

Subject matter Number of teachers
Physics 11
Physical science and physics 21
Physical science 9
Chemistry and biology 2
Mathematics 1
Chemistry 1

Four different types of institutions and thirty-
four different schools were represented by the forty-five
teachers as is shown below:

Institution No. of teachers No. of institutions

High school 32 25
Junior high 8 4
Senior high 4 4
Privéte school 1 1

Total 45 34



Chapter 2
REVIEW OF THE LITERATURE

The review of literature concerning objectives in
science teaching will be approached in two ways: (1) a
chronological presentation of some of the objectives that
have been formulated either by one person or by committees,
and (2) some research work done in this field. The first
section will present the sources that were used to prepare
a list of 57 science objectives for science teachers to
rank. It will also justify the classification of these
objectives into categories. The second section will present
research done in the field of objectives in science teaching
in which the information was mostly obtained from the
teachers' opinion rather than from the students. It will
also justify.  the method employed in this research.

EVOLUTION OF THE OBJECTIVES IN
SCIENCE TEACHING

Richardson divided the history of science teaching
in the United States into three periods, each characterized
by a predominant objective. They are as follows: from 1751
to 1872 it was practical and expository; from 1872 to 1900
it was aimed toward college preparation, and from 1900 to

the present time it has been evolving toward being more
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functional.l At the present time "science is included in
the curriculum because of its contribution to the general
education of future citizens as contributing members of a
democratic society."2
An important contribution to the definition of
science objectives was made in the Thirty-first Yearbook
of the National Society for the Study of Education. Here,
development of scientific attitudes and the principles and
~generalizations of sciénce are considered as objectives of
science teaching. The Committee makes a point of disagree-
ing with the emphasis on the environment as recommended by
the Fifth Yearbook of the Department of Superintendence in
1927.3 Sheppard points out that the emphasis with the
environment could easily have appeared under the influence
of the accepted textbooks of the period, such as the Wood
and Carpenter series.4 In 1938 the Committee on the Func-

tion of Science in General Education recommended that the

objectives of science teaching should be adapted to the

lJohn S. Richardson, Science Teaching in Secondary
Schools (Englewood Cliffs, N. J.: Prentice-Hall, 1957),
D fu

2Sheppard, op. cit., p. 14.

3The Thirty-first Yearbook of the National Society
for the Study of Education, A Program for Teaching Science
(Chicago: University of Chicago Press, 1932), p. 43.

4Sheppard, Ops €its,; P 17,
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needs of the youth in personal living, personal-social,
social~civic and economic relationships.5
Another document containing recommendations for
science objectives was issued by the Educational Policies
Commission of the National Education Association in 1944.
They emphasized teaching the methods of science, scientific
inquiry and the cultural aims of science.6 An important
contribution to the clarification of ideas concerning
science objectives was given in the Forty-sixth Yearbook
of the National Society for the Study of Education in 1947.
The general objectives of science teaching proposed were:
(1) functional information of facts; (2) functional
concepts; (3) functional understanding of principles;
(4) instrumental skills; (5) problem-solving skills;
(6) attitudes; (7) appreciation; (8) interests.
A report from the Scientific Research Board of the

Presidency issued in 1947 also contained a set of four

objectives in science teaching. They considered that the

5Committee on the Function of Science in General
Education of the Commission on Secondary School Curriculum,
Progressive Education Association, Science in General
Education (New York: Appleton-Century Company, 1938),
pp. 46-47.

6Educational Policies Commission, Education for
all American Youth (Washington: National Education Associa-
tion, 1944), p. 130.

7National Society for the Study of Education, The
Forty-six Yearbook, Part I, Science Education in American
Schools, ed. Nelson B. Henry (Chicago: The University of
Chicago Press, 1947), pp. 28-29.
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students should acquire an understanding of: (1) the
methods of science; (2) the influence of science upon

human life and thought; (3) the factual knowledge necessary
to understand themselves and their environment and (4)
appreciation of science.8 Each of these four statements
stands for a different type of objective. They are general
and can represent a category of objectives. Most of the
specific objectives belong to one of these general types.

A very important publication in the field of
secondary education is the Fifty-ninth Yearbook of the
National Society for the Study of Education which appeared
in 1960. In chapter 2, Hurd recognizes the following main
objectives for science teaching: " (l) understanding science;
(2) problem-solving; (3) the social aspects of science; (4)
appreciations; (5) attitudes; (6) careers; (7) abilities."9
In this case the objectives are given in very broad terms.
This dbcument was also considered to formulate the set of

categories on which the analysis of the teachers' objec-

tives was based in this study.

8Paul De Hart Hurd, Biological Education in Ameri-
can Secondary Schools 1890-1960 citing the Scientific
Research Board Report (Boulder: Biological Science Curricu-
lum Study, 1961), p. 91l.

9Paul De Hart Hurd, "Science Education for Changing
Times, " Rethinking Science Education, The Fifty-ninth Year-
book of the National Society of the Study of Education,
Part I (Chicago: The University of Chicago Press, 1960),
pp. 34-37.
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In 1960 the National Association of Secondary
School Principals listed eleven items of major objectives
for the junior high school science courses. They are as
follows:

l. To acquire those scientific facts, concepts,
and generalizations which lead to a better under-
standing and appreciation of the universe.

2. To develop skill in using many resources for
solving problems.

3. To understand the variety of methods employed
by the scientists.

4. To appreciate the tentative nature of scientific
data and conclusions.

5. To facilitate effective communication of
scientific ideas.

6. To nurture the natural scientific interests of
each individual.

7. To develop an awareness that man's ability to
modify his environment is limited by his understanding
of its nature.

8. To appreciate the contributions of scientists.

9. To develop an understanding of the inter-
relatedness of the various sciences.

10. To develop an awareness that science is but one
factor which contributes to man's well-being.

11. To make the pupil aware of his social and moral
responsibility to mankind.l0

Most of these statements were included in the list of
objectives'of this research.

In 1961 the National Association of State Directors
of Teacher Education and Certification published a set of

sixX major objectives for science and mathematics courses.

lOHelen Hale, "Quality Science for the Junior High
School," Quality Science for Secondary Schools, Prepared
by The National Association of Secondary School Principals
(Washington: National Science Teachers Association, 1960),
pp. 42-43,
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They emphasized the understanding of basic concepts and
interrelationship within science, and the development of a

scientific mind to approach different kinds of problems or

situations.ll

Due to the special interest in the area, it is
considered important to show the objectives for the physi-
cal science course in the North Carolina public schools.
The following list of objectives was published by the
State Department of Public Instruction in 1964:

1. A better understanding of our physical world.

2. A better understanding of the aims and methods
of science.

3. An interest in current happenings in the
changing world of science. '

4. A better understanding of the role of a
scientist.

5. An understanding of scientific endeavor and its
relationship to society.

6. An ability to approach and solve problems
effectively.

7. A background in scientific experimentation.

8. A favorable attitude toward science, which in
some cases might lead to the pursuance of a scientific
cdareecr.,

All of these eight objectives have been used to prepare

the list of 57 objectives for evaluation.

llNational Association of State Directors of

Teacher Education and Certification, Guidelines for Prepa-
ration Programs of Teachers of Secondary School Science
and Mathematics. A report prepared by the Teacher Prepa-
ration-Certification Study (Washington: National Associa-
tion of State Directors, 1961), p. 4.

12State Department of Public Instruction, Science-
Grades 7-9, No. 372 (Raleigh: State Department of Public
Instruction, 1964), p. 1l44.
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According to Sheppard:

there seems to be general agreement that as a
result of secondary school science education the pupil
should;

1. Acquire and be capable of demonstrating
increased knowledge and understanding of the facts,
concepts, and principles of science.

2. Show improvement in his ability to use his
increased understanding of the facts, concepts, and
principles of science by applying the methods of
scientists in the solution of problems.

3. Be capable of demonstrating an increase in
his ability to think critically.

4. Demonstrate improvement in his understanding
of the scientific enterprise, the scientists, and
the methods and the aims of science.

More recent statements of opinions concerning the
~goals of science teaching with respect to physical science
and physics are found in the specialized periodicals. 1In
all cases it is advisable to keep in mind that "the objec-
tives that govern thought and action find their origin in
the philosophy that men hold and in the values they hope

to realize."14

This is a very important remark that
partially explains the subjectivity underlying any state-
ment of objectives. Disagreements might also arise due to

differences in semantics, in addition to differences

because of philosophy.

13Sheppard, ep. eit., pp. 23-24,

l4Richardson, op. cit., p. 6.
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Objectives of Recent Programs in
Physical Science and Physics

A discussion of the recently developed programs in
physical science and physics will now follow. The first
large project to create a physics program which was adapted
to the needs of the times was that of the Physical Science
Study Committee (PSSC) which started in 1956. As stated in
the preface of the textbook, "physics is presented not as a
mere body of facts but basically as a continuing process by
which men seek to understand the nature of the physical

nl> and this is done while the student is introduced

world,
to the different aspects of what is called scientific
methods.

The physical science course has received attention
too, for example a new course, Introductory Physical
Science (IPS) was created, again with the collaboration of
many educators. The objectives of this course are: (1) to
~give a feeling for the kind of human effort that is
involved in the development of science, (2) to put across
the point that the root of'all science is phenomena and
that the names come later, (3) to allow the student to get

information from the original source, from nature

15Physical Science Study Committee, Physics,
(Boston:; D. C. Heath and Co., 1960), p. V.



20

itself.16 More recently, as a sequel of the IPS program a

Physical Science II (PSII) program has been developed with
the same general objectives.

Another important effort toward the improvement of
physics teaching was Harvard Project Physics, developed
recently at Harvard University. The objectives are given
in the following statements:

From the beginning Harvard Project Physics had
three major goals in mind. These were to design a
humanistically oriented course, to attract more
students to the study of introductory physics, and to
find out more about the factors that influence the
learning of science in schools. . . . In practice,
this meant designing a course that would have the
following effect:

1. To help the students increase their knowledge
of the physical world by concentrating on ideas that
characterize physics as a science at its best, rather
than concentrating on isolated bits of information.

2. To help students see physics as the wonder-
fully many-sided human activity that it really is.
This meant presenting the subject in historical and
cultural perspective, and showing that the ideas of
physics have a tradition as well as ways of evolu-
tionary adaptation and change.

3. To increase the opportunity for each student
to have immediately rewarding experiences in science
even while gaining the knowledge and the skill that
will be useful in the long run.

4, To make it possible for teachers to adapt the
course to the wide range of interests and abilities of
their students.

5. To take into account the importance of the

l6Uri Haber-Schaim, "Objectives and content of
the Course," Introductory Physical Science, Physical
Science II--A Progress Report (Newton, Mass.: IPS Group,
1969), p. 2.
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teacher in the educational process, and the vast
spectrum of teaching situations that prevail.l?

Some Recent Ideas on Objectives
1n Science Teaching

Although in many respects the aims of science
teaching have not changed, a different approach to their
formulation is noticeable in many authors. A very inter-
esting article by Wolfe comments on the change in objec-
tives experienced through the years. To show explicitly
the evolution of science teaching through the years, she
quotes Philip G. Johnson of Cornell University who summa-
rized his ideas in fourteen statements, some of which are
shown below:

From one problem-solving method to many relatively

unstructured instructional methods.

From emphasis on accumulating knowledge to an

emphasis on how to find and create knowledge.

From facts and factual concepts to skill in

inquiry as teaching goals.
Wolfe considers that the reasons for studying science are
"the mental stimulation and satisfaction of exploring our
environment, learning about its past, gaining into the
future, acquiring a sense of order in our universe, exam-
ining man's role in the scheme of things and discovering

18

one's own talents and interests." Conceptually, these

7Project Physics, The Project Physics Course--
Text and Handbook, Unit I Concepts of Motion (New York:
Holt, Rinehart and Winston, 1970), Preface.

18Deborah P. Wolfe, "Trends in Science Education,"
Science Education, LIV, 1 (1970), 75.
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reasons are closely related to statements of objectives
that have been reviewed, such as those given by the Scien-
tific Research Board of the Presidency given earlier.

In 1942 a new term called behavioral objective
appeared in the field of education. From that moment on
many educators have supported behavioral objectives as a
new approach to achieve effective teaching. During the
last ten years the interest in this new tendency has

increased and many authors such as Mager,19 Nedelsky,20

21 22

Gagne, Atkin, Gideonse,23 and Ryder24 have published

papers referring to behavioral objectives or instructional
objectives. The NSTA has also issued some papers on this

. ‘e ; ; 25
much-discussed topic in science education.

19Robert F. Mager, op. cit.

20Nedelsky, op. Cit.

21R. M. Gagne, "Elementary Science: A New Scheme
of Instruction," Science, CLI (1966), 49.

22J. Myron Atkin, "Behavioral Objectives in Cur-
riculum Design," The Science Teacher, XXXV (May, 1968), 27.

23Hendrik D. Gideonse, "Behavioral Objectives:
Continuing the Dialogue," The Science Teacher, XXXVI
(January, 1969), 51.

24M. Briant Ryder, "Behavioral Objectives--An
Introduction for Physics Teachexs," The Physics Teacher,
VIII (Octoker, 1970), 361l. ‘

25i.e. John J. Koran, Jr., Earl J. Montague, and

Gene E, Hall, "How to Use Behavioral Objectives in Science
Instruction," How to . . . series, Washington: NSTA, 1969,
Stock No. 471-14596; see also Albert F. Eiss and Mary B.
Harbeck, Behavioral Objectives in the Affective Domain
(Washington: NSTA, 1969).
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There have always been people concerned with the
humanistic aspect of science and it is not difficult to
find books or articles discussing this topic almost in any
period of American history of education. Recently, the
concern has increased and one proof is that Harvard Project
Physics is oriented toward a more humanistic approach.

Alfred Garrett states in an article on "Science
Education Toward the World We Want" his hypothesis that
"what we need is to develop a science of humanity." He
considers that "our curricula will be mission- or problem-
oriented. This becomes almost essential from the viewpoint
of motivating students--as well as bringing about a scien-
tifically literate civilization which is cognizant of the
problems that science must solve in the future."26

Another very interesting paper was written by
Harmin, Kirschenbaum and Simon and refers to "Teaching
Science with a Focus on Values." They state that science
teaching has also to become involved in the big problems
that surround everyone. "Under the guise of objectivity,
too many of us have simply avoided dealing with the hot and

always controversial issues surrounding the science we

teach." They consider that "we simply cannot afford to

26Alfred B. Garrett, "Science Education Toward the

World we Want," The Science Teacher, XXXVII, 5 (1970), 18.
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train a generation of students who know the how and why of
scientific phenomena but do not have a process for inquir-
ing into the values issues raised by the topics they

study."27

To accomplish their objective they suggest that
any topic should be developed in three levels, where the
third one makes the information relevant to the students'
lives. This article evidently stands for a very new
approach to science teaching and makes the social~human-
istic objectives the central point. Even if many others
have stated this position, as far as the literature that
was reviewed this article contains one of the most explicit
examples of what to do in order to achieve these
objectives.

In July 1970, the National Science Teachers Associ-
ation (NSTA) approved a series of statements concerning,
among others, the social implication of science teaching;
they are:

1, Understanding of the principles, processes,

content, and social implications of the sciences.

2, Recognition of the contributory role of rational
thought to the making of value judgements and to the
solution of social problems.

3. Recognition of the necessity for translating

judgements regarding the solutions to critical problems
into rational and effective actions.

27Merrill Harmin, Howard Kirschenbaum, and Sidney
B. Simon, "Teaching Science with a Focus on Values," The
Science Teacher, XXXVII (January, 1970), 16.
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Concerning the environment they urge "that significant
components of environmental education be included in the
science learning activities of all students."28

As has been shown, there seems to be an agreement
with regards to the fact that science must become involved
in the problems that are affecting society today and there
is a conviction that proper handling of these objectives

will lead to effective learning and an increased interest

and appreciation of the scientific enterprise.

Conclusions

The objectives that have been mentioned thus far
constitute the pool from which the preliminary list of
objectives was prepared. Other objectives were added later
from books or suggested by members of the panel of profes-
sors in order to prepare the final list.

An overall review of the objectives above shows
that most of them can be classified into a few categories.
Many authors have divided science objectives into cate-
~gories, and there are many ways or criteria for doing

this.29 Here, an attempt has been made to present a

28NSTA Committee on Issues, "NSTA Positions on
Critical Issues Confronting the Science Teaching Profes-
sion," The Science Teacher, XXXVII (October, 1970), 55.

29i.e. Nathan S. Washton, Teaching Science
Creatively in the Secondary Schools (Philadelphia: W. B.
Saunders Company, 1967), p. 35.
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classification of the most frequently mentioned objectives
shown in the reviewed literature. Science objectives can
be grouped into five categories as follows: (1) transmis-
sion of knowledge, (2) use of the scientific methods, (3)
humanistic aspects of science, (4) science as a background,
and (5) interest in science and appreciation of science.
These categories have been used in the analysis of the sub-
jective part of the questionnaire which is analyzed in
Chapter 3. In order to present a well defined content of
each of the categories they have been re-stated in an

expanded form in the following chapter.
RESEARCH ON SCIENCE OBJECTIVES

Before discussing some research done in this field
it is interesting to mention Richardson's remark:
Several studies of the objectives of science teaching
have been made. These and other studies reveal a wide
variety of goals, some stated very specifically,
others quite generally. However justifiable they may
be from the standpoint of the classroom teacher such
lists may suffer from their lack of conciseness.30
Anyone going through the numerous statements of objectives
will have the opportunity to verify the above comment.
A significant study of science teaching objectives

was done by George W. Hunter of Claremont Colleges,

California starting in 1930. He conducted a series of

30Richardson, op. cit., p. 8.
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inquiries among science teachers, in some cases nationwide,
in others confined to a smaller region. The purpose was to
determine which objectives were held by the high school
science teachers of the nation. The collection of data

was mainly done by means of questionnaires. The third of
the series of questionnaires was reported in a paper by
Hunter and Knapp in 1932, The four main objectives of
science teaching were found to be: (1) the understanding

of the environment, (2) the preparation for college, (3)
the acquisition of information, and (4) the mastering of
the scientific method of problem-solving. It must be noted
that the scientific method appeared fourth in the list.31
The stress in the environment is consistent with the text-
books used at the time and with the recommendations appear-
ing in the Fifth Yearbook of the Department of Superin-
tendence in 1927, as discussed earlier,

In 1943 Hunter and Spore published another paper on
science objectives. They used a list of objectives obtained
from previous works and presented it to teachers asking
them to rank each item according to a scale with five pos-
sible grades. The objective that was ranked’'highest was

"to develop a better understanding of the environment." o

: 3lGeo_rge W. Hunter and Roy Knapp, "Science Objec-
tives at the Junior-and-Senior-High-School Level," Science
Education, XVI (October, 1932), 407.
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Differences in ranking were shown between juniof and senior
high~school teachers. While for the junior high-school
teachers the three objectives heading their list related to
the same type of objective--knowledge, appreciation and
understanding of the environment--for senior high-school
teachers the three items heading the list referred to the
environment, the health and the scientific methods. Among
their conclusions those concerning the geographical dis-
tribution of the ranking showed that in the southern States
health needs, conservation, and preparation for vocation
were rated highest.32
One of the last surveys conducted by Hunter was
published in 1947 and referred to a comparative study of
the situation of science teaching in California in 1940
and 1947, Among his conclusions he was able to show how
the emphasis of teachers shifted from the factual knowledge
and college preparation to the teaching of scientific
methods.33

A study of objectives was done in 1930 at the

University of Wisconsin by Bergen and others. The informa-

2George W. Hunter and Leroy Spore, "The Objectives
~of Science in the Secondary Schools of the United States,"
School Science and Mathematics, XLIII (October, 1943), 633.

33George W. Hunter and H. J. Edward Ahrens, "The
Present Status of Science Objectives in the Secondary
Schools of California," Science Education, XXXI, 5 (1947),
287,
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tion was provided by 25 teachers attending a summer course
on science education. During this research a list of
objectives was prepared, classified and then evaluated
according to estimated importance. Here again, the habit
of scientific thinking and a scientific attitude were
placed first in the list followed by specific knowledge.34
In 1954 Burmester and Noll developed a technique
for synthesizing and evaluating objectives for a biology
course at college level which can be also applied to high
school physics and physical science. The technique resem-
bles that used by Hunter: a rating sheet with 32 objectives
was presented to the subjects. To analyze the data, the
items were classified in seven categories in order to
present tables and.graphs.35
In 1959 Lee conducted an evaluation of a list of
314 specific items of content and skills generally con-
sidered as objectives of high-school physics. This
included very specific topics of physics and also behav-

ioral objectives. He submitted it to four different groups

of persons representing the scientific and the non-scien-

34L. M. Bergen and others, "Objectives of Science

Teaching," School Science and Mathematics, XXXI (May,
1931} ; 550.

, 35Mary A. Burmester and Victor Noll, "A Synthesis
and Evaluation of Objectives for a Course in College
Biology," Science Education, XXXVIII (March, 1954), 143,
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tific point ofhview. As a result of this research "no
items were found to be considered unanimously either
important or unimportant by any jury" and "the skills of a
behavioral nature were generally rated of far greater
importance than most of the items of content." Finally,
it was statistically shown that the specific objectives of
high-school physics seem to be the same for training of
future physics majors as for the general education of all
students.36 The latter statement agrees with Rogers who
considers that the objectives of science are intended for
the future scientist as much as for the non-scientist.
"The same thing, then, is wanted for all: an understanding
of science; but the level of knowledge and the speed of
teaching need not be the same for a11,"37
In 1966 Pella, O'Hearn and Stiles published a study

on scientific literacy. The information was gathered from

bibliographical material and interviews with different

36Donald E. Lee, "An Evaluation of Certain Objec-
tives of High School Physics with Reference to the Training
of Future College Physics Majors and the General Education
of all Students," Science Education, XLVI (Og¢gtober, 1962),
385

37eric M. Rogers, "The Research Scientist Looks
-at the Purposes of Science-Teaching," Rethinking Science
Education, The Fifty-ninth Yearbook of the National Society
for the Study of Education, Part I (Chicago, University of
Chicago Press, 1960), p. 19.
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people. An extensive set of conclusions was obtained which
can be summarized in the following statement:
Evidence from analysis of the literature concerned
with scientific literacy reveals that knowledge of the
(1) interrelationships of science and society, (2)
ethics of science, and (3) nature of science are more
important than (4) conceptual knowledge, (5) differ-
ences between science and technology and (6) the 38
interrelationships of science and the humanities."
In 1966, Sheppard made a study of ninth grade
science teachers in North Carolina secondary schools. The
teachers were asked why science should be taught in high
school. From the answers to that question, and assuming
that the reasons for having science taught in high school
were closely related to their own objectives, Sheppard
stated his results in terms of objectives. The three objec-
tives that were stated most frequently by the teachers were:
1. Science is such an important area and affects
our lives so much that pupils need to learn more about
science.
2. There is such a shortage of scientists that we
need to introduce the students to the area and
possibly persuade more of them to become scientists.
3. A study of science should aid the student in
learning how to think and to solve problems.39
‘Summarizing, this review of research in science

objectives shows that one of the methods for gathering the

38Milton 0. Pella, George O'Hearn, and Lindley

'Stiles, Scientific Literacy, Technical Report No. 1, The
Scientific Literacy Research Center (Madison: University of
Wisconsin, January, 1966), p. 21.

© 39

Sheppard, op. cit., p. 100.
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information from the teachers is to present a list of
possible objectives and have them ranked. Different
techniques for the analysis of the results were employed.
A second method is to ask the teachers to write their own
objectives. Both ways have been used here in the assump-

tion that they complement each other.



Chapter 3
THE SUBJECTIVE PART OF THE RESEARCH STUDY

This chapter will refer to the statement of science
objectives as given by the teachers. For this part, the
answers of the teachers were written on a special form

which is shown in Appendix A.
PROCEDURE

In most cases the statements of the teachers were
expressed in brief sentences, each sentence stating one
objective, This made it relatively easy to categorize the
statements. There was no attempt to have the objectives
listed in order of importance, therefore, they were all
~given the same weight regardless of their position in the
list,

Some difficulties were experienced with a few of
the teachers' statements due to the construction of the
sentences, vagueness or ambiguity. This involves a certain
amount of subjectivity which limits further conclusions.
However, this is a problem which is expected to arise when
~dealing with statements expressed without any suggestion
whatsoever. Another distorting psychological factor which

might influence the answers is the desire to give a good

impression,
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For the purpose of analyzing the teachers' stated
objectives, they were divided into specific categories.

In order to facilitate classification and further analysis
these categories were broken down into sub-categories.

The statements of the teachers were categorized twice, at
different times, to reduce errors in classification.

The list of categories presented here is a syn-
thesis of the most frequently mentioned objectives in the
reviewed literature which has been adapted to the state-
ments given by the teachers; The six general categories
are as follows:

1. To provide the student with the basic knowledge

about the physical laws and theories in order to understand
his environment.

2. To teach the student the use of scientific
methods and to enable him to deveiop skills, abilities and
scientific attitudes.

3. To show the relationship of science and society
in the cultural and technological fields.

’4. To provide all students with a background in
science. *

5. To arouse interest in science and develop
'éppreciation of the importance of science.

6. Others.

Category number 6 was intended to include miscellaneous
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objectives which were expressed by only one person and do
not bear any weight as far as a group concerns.

The categories have been sub-divided in the follow-
ing sub-categories:

la. To learn about the physical laws and theofies.

lb, To understand and appreciate the physical
world and the environment.

lc. To acquire information on specific topics.

2a. To understand and apply scientific methods.

2b, To develop scientific attitudes, skills and
abilities.

3a. To learn about the relationship of science
with other disciplines and other aspects of life.

3b. To learn about the historical de?elopment of
physical science and the work of scientists.

3c. To learn about the relationships between
science and technology.

4a. To acquire a general background in physical
science and physics.

4b, To be adequately prepared for a scientific
career. ’

5a. To develop interest in science matters.

5b. To develop an appreciation of the importance

of science.
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In many cases, if two distinct objectives were
expressed in a compound sentence, they were separated; in
others, several objectives belonged to the same category
and even to the same sub-category. Here are two examples
of the criteria followed when categorizing the objectives
from the answer sheets:

a) a statement like: "Relate science to everyday
work" was considered in two sub-categories, 3a and 3c.

b) specific statements such as: "Development of
training in experimental science," or about "Some elemen-
tary mathematics involvements in science" have been
included in 2a, that is, understanding and application of
the scientific method.

Once the teachers' statements were categorized,‘the
results were easily tabulated.

RESULTS AND ANALYSIS
g

With regards to the teachers answering in the
physics or physical science areas the distribution is as
follows:

(1) 21 teachers stated objectives for a physical
science course,
| (2) 15 teachers stated objectives for a physics

course,

(3) 9 teachers stated objectives for both courses.
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This makes thirty sets of statements for physical science
courses and twenty-four sets of statements for physics
courses. The fact that the discussion is based on physical
science and physics course objectives automatigally divides
the group into junior and senior high-school level,
although several teachers work at both levels in composite
schools.

Table 1 shows the distribution of the answers (raw
data) according to categories and sub-categories. The
answers have been divided into two main groups according
to physical science and physics courses. Each of these has
been sub-~divided into three columns: physics, physical
science and physics, and total for the two sub-groups in
the case of physics. In the case of physical science the
subdivisions are; physical science, physical science and
physics, and total for both subgroups. 1In this way the
teachers who expressed one set of objectives have been
differentiated from those who answered for both courses.,

The same grouping will be used in Tables 2 and 3.

350179



Table 1. Distribution of the Teachers' Statements of Objectives

PHYSICAL SCIENCE PHYSICS
- Sub-
Category| category| Physical | Phys. sci. . Phys., sei, Overall
science & physics Total | Physics & physics POEaE total
la 8 4 12 7 3 10 22
1 1b 6 17| 4 9 |10 26| 4 17 |1 4 5 21 {15 47
1le 3 1 4 6 0 6 10
2a 6 3 9 5 4 9 18
2 2b 12 18 5 8 17 26 5 10 6 10 11 20 28 46
3a 6 3 9 3 4 7 16
3 3b 4 16 | 1 7 5 232 810 10 2 18 7 41
3G 6 3 9 3 6 9 18
4a 2 0 2 2 0 2 4
. 1b 1 310 011 3|4 1o 014 € |5 2
5 R s 173 6 10 23|53 713 6|3 13 |22 37
6 1 1 2 1 0 1 3
Number of teachers | 21 9 30 15 9 24 54

8¢
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Since there is a different number of teachers in
each group (21, 9, and 15), the results of Table 1 have
been re-expressed in percentages so as to make the compar-
isons among them easier. This is shown in Table 2 which
shows the distribution of the objectives only within sub-
categories. The percentage was found by dividing the
number of teachers in each group into the number of objec-
tives for a given sub-category. Thus, 7 objectives
expressed by the physics group for sub-category la yielded
a percentage of 47, since the number of teachers in that
~group was 15.

Table 2 makes it possibie to determine which
aspects received more emphasis within each category. For
example, the acquisition of skills, abilities and scien-
tific attitudes (2b) seems to be more important than the
mere learning and application of the scientific methods
(2a). This is stressed in the case of physical science
teachers by 57 and 28 percent respectively. The overall
percentages are 33 for sub—category 2a and 52 for sub-
category 2b. Therefore, at the high-school level, the
teaching of the methods of science would be ‘valuable in
that it offers the possibility to develop certain traits

" in the students' personality such as those mentioned above.
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Percentage Distribution of the Statements of
Objectives by Sub-categories

PHYSICAL SCIENCE PHYSICS

Sub-~- Phys.| Phys.sci. Phys.sci. Over-
cate- & Total| Physics & Total| all
gory sci. | physics "~ |physics total
la 38 44 40 47 33 42 41
1b 28 44 33 27 11 21 28
le 14 7 13 40 0 25 18
2a 28 33 30 33 44 37 33
2b 57 55 57 33 67 46 52
3a 28 33 30 20 44 29 30
3b 19 11 17 13 0 8 13
3c 28 33 30 20 40 37 33
4a 10 0 7 13 0 8 7
4b 5 0 3 27 0 17 | 9
5a 43 44 43 33 44 37 41
5b 38 22 33 13 22 17 28
6 5 11 7 7 0 4 5

No. of .

teach~| 21 9 30 15 9 24 54
ers
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In looking at the totals for category 1, the under-
standing of physical laws and theories (la) prevails on the
learning of scientific topics (lc) as objectives for the
physics teacher, or on the understanding of the environ-
ment (1lb) for the physical science teacher. Category 1
shows a difference between the physics and physical science
teachers which appear logical because the physics course
follows the physical science course, and the physics
teacher might feel that an objective such as (1b) has been
accomplished at the junior level.

The totals in category 3 (see Table 2), with three
sub-categories, show that major emphasis has been given to
the relationship between science and technology (3c). It
can be observed that very few teachers considered the
historical aspect of science and the work of scientists
(3b) in their objectives, especially among the answers for
physics. This is an area that the Harvard Project Physics
program is attempting to bring up to an important place.

As evidenced in category 4, science teaching aimed at
preparing students for future studies or to give them a
reasonable background does not seem to be a prime objective
for most teachers. To develop interest in science (5a) was
'éonsidered important by about 40 percent of all the
teachers, while appreciation of the importance of science

(5b) seems to be more of an objective among physical
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science teachers than among physics teachers, although the
figures reveal a tendency more than a very sharp differ-
ence. The nature of both courses might justify this
difference, since physical science is more general than
physics. Category 6--others--is not significant since the
interest in the results does not involve individual
responses,

Table 2 also allows one to compare the statements
~given for physical science and physics courses by the same
~group of nine teachers who have taught both courses.
Looking at the figures under the two columns "physical
science and physics," it seems that these same teachers
stress different objectives for each of the courses. Their
answers for physics and for physical science courses differ
clearly in subcategories la, 1lb, 2a and 2b. 1In thé
physical science course these teachers emphasize the learn-
ing of laws and the understanding of the environment (la,
1lb) and de-emphasize the scientific methods (2a, 2b) in
comparison with the physics course. 1In particular, the
difference of emphasis in the understanding of the environ-
ment was considerable (44 percent to 1l percent). However,
they’agree in emphasizing the development of scientific
éttitudes, skills and abilities (2b) as well as they show

the same response with respect to categories 4 and 5 (4a,
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4b, 5a, 5b). The low number of persons, nine, prevents one
from drawing more conclusions.

The two columns corresponding to "total" in Table 2
allows a comparison between the two groups of answers:
science objectives for a physical science course and
science objectives for a physics course. This division is
comparable to junior high-school science teachers and
senior high~school science teachers. In order to compare
the answers given by the two groups the histogram in
Figure 1 illustrates the sub-categories in descending order
of frequency mentioned according to the overall total per-
centages. Significant differences between the two groups
are indicated for sub-categories 1b, lc, 2b, 3b, 4b and 5b.
From this analysis it is apparent that physics teachers
place a greater emphasis on the learning of specific topics
and the preparation for college science, whereas these
physical science teachers emphasize the appreciation of the
environment and the importance of science, This result is
not surprising and is in agreement with what was shown in

Hunter's surveys.

lGeo_rge W. Hunter, Science Teaching at Junior and
Senior High School Levels (New York: American Book Co.,
1934), p. 105. '
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Table 3 shows the distribution of science objec-
tives in six categories by percentages where the percent-
ages were calculated depending on the number of possible
answers available in each category. This procedure was
followed since categories 1 and 3 have three sub-categories
and the number of possible answers available is three times
the number of teachers in each group, while for categories
2 and 4 it is two times. For example; since the group of
15 physics teachers answered 17 objectives dealing with
category 1 (see Table 1), the corresponding percentage will
be 17 x 100/(3 x 15) = 38. This explains the fact that
while in Table 1 the overall totals for category 1 and 2
are 47 and 46 respectively, the corresponding percentages
in Table 3 reverse the order giving 29 percent and 43 per-
cent respectively.

Looking at the column corresponding to overall
totals there is noticeable emphasis in the objectives
related to the scientific method and its.incidence on
acquisition of skills, abilities and scientific attitudes.
To develop interest in science and appreciation on the
importance of science is ranked second in importance.
Objectives concerning factual knowledge including one's
environment comes third with 29 percent. The humanistic
aspects of science had a 25 percent response. This result

does not agree with the new tendencies among science educa-



46

tors stressing the social, historical and philosophical
implications of science. This should be taken into account
if efforts are directed toward emphasizing this type of
objective.

The objectives expressed by teachers as desirable
in a physics course compared with those desired for a
physical science course (under "total") show that category
2, that is related to scientific methods, is first with 42
and 43 percent respectively. 1In second ranking there is
some difference in that the physics teachers prefer cate-
gory 1 and the physical science teachers category 5. There
is a slight preference in the physical science course for
category 5 since its content is more general. Here again,
it is possible to compare the emphasis in different types
of objectives according to physics and physical science as
~given by the same group of teachers. Differences are
noticeable in Table 3 for category 1 with 15 and 33 percent

respectively.
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Objectives by Categories*
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Percentage Distribution of the Statements of

PHYSICAL SCIENCE PHYSICS

No.of|Phys.| Phys. ' Phys. Over-

Cat.| sub~ |sci. | sci. & |Total] Physics| sci. & |Total| all

' cat. physics physics total
1 3 27 33 29 38 15 29 29
2 2 43 44 43 33 55 42 43
3 3 25 26 25 18 37 25 25
4 2 24 0 5 20 0 13 8
5 2 40 33 38 23 33 27 34
6 1 5 11 7 7 0 4 6
jumber of | 21 9 30 15 9 24 | 54

. *The percentages were calculated taking into

account the number of sub-categories.




48

The histogram in figure 2 shows a comparative
distribution of the answers given by physical science and

physics teachers based on results shown in Table 3.
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Figure 2. Comparison Between Physical Science and Physics
Answers Given by the Teachers According to Categories.

The values given in the preceding tables are rather
low. This suggests that the answers of the teachers did
not cover all the categories, but in some cases only

responded to one sub-category.
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Variety of Objectives Listed
by the Teachers

Some teachers stated as many as five different
objectives, thus covering different categories or, at
least, different sub-categories. MeanWhile, others
expressed but one or two different types of objective.
Tables 4 and 5 account for the variety of answers given by
the teachers according to the number of sub-categories and
categories respectively. Two statements were considered
different if they belonged to different sub-categories.
The tables show the values corresponding to physics
courses, physical science courses and both of them
together.

Analyzing Tables 4 and 5, it can be concluded that:

1. For both physics and physical science the ten-
dency is to give three different types of objectives. It
is shown that they cover three categories as well. Mdst
of the teachers stated between two and four different
objectives.

2. The rest is distributed in the extreme values.
9 percent of the whole stated only one éype of objective.
To this group others were added which covered more than
~one sub-category but only one category.

3. As for those covering five different sub-cate-

gories there is a difference between physics and physical

science answers: 8 percent and 27 percent respectively.



50

Looking at the results in the distribution according to
categories it is easy to realize that the above 27 percent
for physical science was distributed into 2, 3 or 4
categories.

4. The highest display of objectives obtained here
was from the physics group with 8 percent of the answers
presenting 6 to 7 different objectives. As for the cate-
vgories, the highest value also corresponds to 4 percent of
the physics group covering 5 categories. In order to avoid
an overestimation of these results it is advisable to refer
to the raw data which calls the attention to the low
numbers obtained and prevents one from coming to risky
conclusions.

The fact that some teachers' objectives only cover
one or two areas while others cover four or five can be
meaningful if it affects their teaching. The approach to
the different topics that teachers take in their everyday
wbrk in the classroom may be influenced by the quality and
amount of expectations they possess.2 If this is true,

these will be directly related to their objectives.

2Sheppard, Ops Clts; P+ 5e



Table 4. Distribution of the Teachers According to the

Number of Sub-categories Stated

2l

Number of Physical science Physics Total
different No. of No. of No. of
sub-categories teachers % teachers % teachers %
1 2 7 3 13 5 9
2 7 23 4 17 Ll 20
3 7 23 7 29 14 26
4 6 20 6 25 12 22
5 8 27 2 8 10 19
6 1 4 1 2
7 1 4 1 2
No. of teachers 30 24 54
Table 5. Distribution of the Teachers According to the
Number of Categories Stated
Number of Physical science Physics Total
different No. of No. of No. of
~ categories teachers % teachers % teachers %
1 3 10 3 12.5 6 11
2 7 23 6 25 13 24
3 12 40 ll. 46 23 43
4 8 27 3 12.5 11 20
5 1 4 1 2
No. of teachers 30 24 54
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Conclusions

On the basis of this study the majority of the
teachers seem to possess a set of objectives in agreement
with the traditional standards published by educational
committees. Their statements seem to be oriented toward
the development of scientific attitudes in the student by
introducing him to the scientific methods. A knowledge of
physical laws especially concerned with the individual's
environment and the application of science to improve such
environment were highly considered. These were the most
frequently mentioned objectives. Secondly, the desire to
~get thé students interested in science and to shbw them
its importance was emphasized more by the physical science
~group. Inasmuch as the teachers were not required to list
a definite number of objectives, the fact that 43 percent
of the teachers listed statements in three different cate-

gories is significant.



Chapter 4
THE OBJECTIVE PART OF THE RESEARCH STUDY

This chapter will refer to the evaluation of
science objectives in secondary school physics courses by
the teachers and by a panel of professors. The list of
objectives and the corresponding directions are given in

Appendix B.
PROCEDURE

As it was explained in Chapter 1 the teachers had
to rank 57 possible science objectives. The items were
taken from many sources such as reports issued by educa-
tional committees that were discussed in the reviewed
literature review, books on science teaching,l and sug-
~gestions from the judges. 1Initially 64 items were listed.
A proper selection of objectives was made with the most
varied and representative ones chosen. The original list
was submitted to a panel of professors at East Carolina

University, five from the Science Education Department and

li.e. Elwood D. Heiss, Ellsworth S. Obourn, and
Charles W. Hoffman, Modern Science Teaching (New York: The
Macmillan Co., 1950), pp. 25-30; Nathan S. Washton, Teach-
ing Science Creatively in the Secondary Schools (Phila-
delphia: W. B. Saunders Company, 1967), pp. 33-45.
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seven from the Physics Department. These professors were
asked (1) to rank each one of the items and (2) to classify
them into seven different categories that were presented to
them (seé Zppendix C). Many of them suggested changes,
such as to eliminate, to re-word or to add items. The list
of objectives as finally prepared to be submitted to the
teachers consisted of 57 items and was formulated so that
among the objectives held high by science educators, there
were also some objectives which were less important or
negative. The validity is supported by the authority of
the sources from which they were taken and the conformation
of the panel of professors at East Carolina University.
No attempt was made to calculate the reliability of the
list of objectives.

| The answers given by the judges and the teachers
were tabulated on a computer in order to obtain a frequency
distribution for each item as well as a distribution of the
ranking given to each. The categorization of the state-
ments done by the judges was also analyzed and submitted to
a validity test.

From the tabulated data the following calculations
were made;
1. An average score for each judge and each

teacher, obtained by adding all the numbers representing

the rank for each item (scale 1 through 5) and dividing it
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by the number of items that were ranked. For example: one

of the teachers answered in the following way:

Scale 1 2 3 4 5
No. of items

in the rank 28 11 7 4 7
Score for each 28 22 21 16 35

This gives a total score of 122 and an average score of
122/57 = 2.14. The latter value will be referred to as
the mean score.

2. The mean value for the ranking of each item
obtained separately for the judges and the teachers., For
example: item 23 had the following distribution of ranks
~given by the judges:

Scale 1 2 3 4 5

Frequency 5 5 1 1 0
A total score is obtained as follows: 5x1 + 5x2 + 1x3 +
1x4 + 0x5 = 22 so, the mean value is 22/12 = 1.83.

This will be referred to as an item mean value.

The two sets of values were further used for com-
parisons between judges and teachers or among subgroups of
teachers. The item mean values for judges and teachers

were compared after items were grouped in categories.
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RESULTS AND ANALYSIS

The results of this part of the survey are now

presented.

Analysis Based on the
Mean Scores

The mean score obtained for each person in the two
~groups (judges and teachers) is a measure of the trend in
ranking the statements of the list. Although this list
deliberately contained minor and non-objectives, which
could affect the score by increasing the average value of
each person toward a 5 rank, all would be affected the
same way. The score obtained does not only depend on the
nature of the items presented to the group but also on the
tendency of the individuals to rank higher or lower.

The range of the mean scores is from 1 to 5. A
mean score near 1 indicates that most of the items of the
list were ranked as major objectives. The average mean
score for the judges was 2.37 and for the teachers was
2.29. Thus, the group of éeachers appear to rank these
objectives slightly higher than the judges. The standard
deviation for the judges was 0.41 and for the teachers 0.42
which indicates that the judges varied about as much as the
teachers overall. The two sets of values have been com-

pared by means of a one-way analysis of variance. As it
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is shown in Table 6 there is no significant difference

between the mean scores for judges and teachers.

Table 6. Comparison Between the Mean Scores of Judges
and Teachers--Analysis of Variance

Source of Sum of Degrees .of

variation squares freedom Mean square F ratio
Between .0614 1 .0614 .34
~Within 9.6452 54 .1786 (not signifi-
Total 9.7065 55 cant at .05
level)

To give a general idea of the distribution of the
mean scores, a histogram showing its frequency distribution
for both groups is presented in Figure 3. The diagram for
the teachers approaches the normal distribution. The
judges show a relatively more spread configuration than the

teachers which is not unexpected from such a small sample.

12 judges

10 ' E:] teachers

frequency
o)}

2 ‘
L
; 5//3// 1

3.5 mean scores

1.5

Figure 3. Frequency Distribution of the Mean Scores for
Judges and Teachers
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The whole group of teachers was divided into three
sub-groups as it was done earlier for the first part: (1)
physics teachers, (2) physical science and physics
teachers, (3) physical science teachers. Their mean scores,
obtained by adding up their ranking and averaging, were
compared by computer program using a one-way analysis of
variance (ANOVA). The results are given in Tables 7 and 8.
The headings for the different columns of Table 7 have the
same meaning as in Tables 1, 2 and 3, as stated above.

Table 7 shows that the groups do not differ from
each other very much. However, the physical science
teachers showed a tendency to score lower than the other
two groups. It is noted that the value from one of the
teachers of physical science had to be discarded due to

incomplete ranking of the list.

Table 7. Mean Scores for the Three Groups of Teachers

Physical Physics Physical science

science and physics
Sample size 20 15 9
Mean 2.39 2.24 2.18
Standard deviation 0.46 0.43 0.33

Table 8 displays the ANOVA results for the com-
parison of the three groups of teachers. The low value for

the F ratio shows that there is no significant difference
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among the groups as far as their ranking mean scores con-
cerns. Thus, the apparent differences are not real.
Table 8. Comparison Among the Mean Scores of Physics

Teachers, Physical Science Teachers and Teachers of Both
Physical Science and Physics--Analysis of Variance

Source of Sum of Degrees of

variation squares freedom Mean square F ratio
Among «3396 2 .1698 .94
Within 7.4371 41 .1814 (not signifi-
Total 7.7767 43 cant at .05
level)

Inasmuch as there were no differences between physical
science and physics teachers as far as their mean scores
were concerned, comparisons have been made between the
judges and all the teachers.

Analysis Based on the
Item Mean Values

The distribution of the ranking tabulated by the
computer for each item allowed for several ways of analy-
sis. The average ranking for each item was used to compare
the teachers with the judges by means of the analysis of
variance. This was done in two ways: first by comparing
the two groups taking the mean for all the items and
lsecond, by comparing judges and teachers averages for cate-
gorized groups of items.

The comparison between mean values for each item
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as given by judges and teachers is shown in Table 9.

There is no significant difference between the rankings of
the judges and teachers. The average values were 2.35 for
judges and 2.33 for teachers with standard deviations of
0.83 and 0.71 respectively.

Table 9. Comparison Between Item Mean Values of Judges
and Teachers--Analysis of Variance

Source of Sum of Degrees of

variation squares freedom Mean square F ratio
Between .0121 3 « 0121 .0200
Within 67.5816 112 .6034 (not signifi-
Total 67.5936 113 .5982 cant at .05
level)

Categorization of the objectives by the judges.

Eleven judges categorized each of the 57 possible objec-
tives into seven categories. The categories were prepared
taking into consideration the items themselves, the cate-
gories already discussed in Chapter 3 and the suggestions
of some of the judges. Category number 7 was intended to
include the items that eaéh of the judges considered could
not fit into any of the other categories. The list of
categories as presented to the judges is given in Appendix
~C. After the judges had classified the 57 items the
results were arranged in a matrix as shown in Appendix D.

The content validity of this item pool was calcu-

lated using a two-way analysis of variance for factorial
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design program. Thé method employed was based on a similar
determinatio:n by Champlin.2 He gave a measure of the con-
tent validity of an item pool by using the intra-class
correlation (rcc) which is presented by Guilford.3

The intra-class correlation is given by

where: M12 is the mean square for variable 1 (items), and
Mr2 is the mean square for residual error. The mean square
values are given in Table 10 as they were calculated by the

computer. The intra-class correlation is, in this case,

7 _ 20.60 - 1.97
cc ~ 20.60

= 0.90

This result implies that if the categorization were made
by a similar set of judges one could expect a correlation
of 0.90 for the two sets of averages. The value obtained
for content validity is deemed acceptable by this

researcher.

2Robert F. Champlin, "The Development and Field
Testing of an Instrument to Assess Student Beliefs About
and Attitudes Toward Science and Scientists" (unpublished
Doctor's dissertation, The Ohio State University, 1970),
p. 41.

3J. P. Guilford, Fundamental Statistics in
Psycholo and Education (New York: McGraw-Hill Book Co.,

14 pp. - .
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Table 10. Two-way Analysis of Variance for Factorial
Design for the Categorization of the Items by the Judges

Source of Sum of Degrees of
variation squares freedom Mean squares
Items 1153.47 56 20.60
Judges 56.36 10 5.64
Residual
error 1101.78 560 1,97
Total 2311.61 626

Using the categorization of the objectives by the
judges, those items with an agreement higher than 65 per-
cent were placed into categories. A number of items were
discarded for this purpose because they showed a distribu-
tion spread throughout the categories, meaning that there
was no agreement among the judges. Two reasons can account
for this lack of agreement: misinterpretation of the con-
tent of a category by the judges, or items whose content
belongs to two or more categories. As a result of this
procedure only 34 items out of the 57 were categorized into
the six categories.

The mean values per item within each category as
~given by the judges and the teachers are given below.

'Ana1YSis of variance was used to determine if there was
' any significant difference between the teachers and the

judges.
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Analysis of the objectives grouped according to

categories. For category number 1, the content and the

objectives listed are as follows:

1. NATURE OF SCIENCE, THE SCIENTIFIC ENTERPRISE
AND THE SCIENTIST

1. To help the student obtain an appreciation of the
~general aspects of science.
8. To let the student know about the men and women who

made important contributions to science.

15. To develop an appreciation of the work and contri-
butions of scientists.

21, To help students learn how modern scientific ideas
have developed.

48. To provide an understanding of the relations within
and among the various sciences.

The item mean values for these statements are

shown in Table 1l. 1Item 1 was considered a main objective
by both groups with mean values close to 1. This objective
is much more than the rest of the group. Objectives 8, 15
and 21 are related to the historical and humanistic aspects
of science. They are considered important objectives but
not major objectives. It is interesting to relate this
result to sub-category 3b in the first part of this survey
as given in Table 2. There seems to be agreement in the

emphaéis given to this type of objective.
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Table 11. Mean Values for the Objectives Classified in
Category 1 by Judges and Teachers

Item number Item mean values
Judges Teachers

1 1.54 1.45
8 2.54 2.73
15 2.17 2.45
21 2.25 2,29
48 2.50 2,12

Average: 2,20 2.21

The following table shows the calculated F ratio
indicating that there is no significant difference between
the averages obtained from judges and teachers with regards
to objectives related to the nature of science, the
scientific enterprise and the scientist.

Table 12. Comparison Between Item Mean Values of Judges

and Teachers for Objectives in Category l--Analysis of
Variance

Source of Sum of Degrees of

variation squares freedom Mean squares F ratio
Between .0002 1 ~,0002 .001
Within 1.5647 8 .1956 (not signifi=
Total 1.5649 9 « 1,739 cant at ,05
- level)

For category number 2, the content and the objec-

tives listed are as follows:
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2. UNDERSTANDING AND APPRECIATION OF THE METHODS
OF SCIENCE

3. To provide a background in scientific experimenta-
tion,

4. To train the student in the application of the
processes of critical thinking for the solution of problems
-and the discovery of new information,

30. To help the student master the scientific method of
problem solving.

32. To show the student how mathematics is applied to
physical problems.

34, To help the student acquire a better understanding
of the aims and methods of science.

36, To help the étudent acquire an‘ability to approach
and solve problems effectively.

46, To develop powers of observation and reasoning
together with the habit of study.

The item mean values for these statements appear
in Table 13, Analyzing the results given by Table 13 there
seems to be low consistenéy in the answers given by both
~groups to relatively similar objectives as numbers 4, 30
and 36. The three of them relate to the application of
~the scientific methods to problem solving but this is
expressed in different ways. Objective 4 is broader than

the others, and that might be the reason why it was ranked
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higher. Comparing again with what was found in the first
part of the survey, for some objectives such as 30 and 34
the rank was lower than expected. Although the item mean
values are almost the same for judges and teachers it is
possible to find differences in several items. A very low
average for both groups indicates a high ranking for these
items. This average is the lowest of the six categories,
which agrees with the emphasis given to methods of science
found in the subjective part.

Table 13. Mean Values for the Objectives Classified in
Category 2 by Judges and Teachers

Item number ITtem mean values
Judges Teachers

3 1.75 2.14

4 1.50 1.34

30 2.50 2.00

32 2.27 2.34

34 1.36 2.04

36 1.73 1.44

46 1.92 . 1l.69
Average: 1.86 1.85

The analysis of variance for these sets of values
indicates that there is no significant difference between

the groups as it is shown in Table 14.
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Table 14. Comparison Between Item Mean Values of Judges
and Teachers for Objectives in Category 2--Analysis of
Variance

Source of Sum of Degrees of

variation squares freedom Mean squares . F ratio
- Between .0001 1 .0001 .0009
Within 1.8263 12 .1522 (not signifi-
Total 1.8264 13 .1405 cant at .05
level)

For category number 3, the content and the objec-
tives listed are as follows:

3. DEVELOPMENT OF SCIENTIFIC ATTITUDES AND INTEREST
IN SCIENCE

2, To arouse enthusiasm by means of increased under-~
standing of scientific truths.

9. To satisfy the student's natural curiosity about
the physical world in which he finds himself.

14, To persuade more students to become scientists.

25. To develop an interest in current happenings in the
changing world of science, |

29, To help the student acquire the ability to make
more objective judgements, avoiding personal bias.

49, To stimulate the student into wanting to learn more
about the physical world around him

The item mean values for these statements appear

in Table 15. The idea of teaching science for the purpose

of training future scientists is not an important objective
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as both groups agreed. Objective number 49 is considered
very important among teachers, as it was expressed earlier
in their own statements, although the judges did not rank
this item as high as the teachers. As for the rest, there
are different emphases between both groups but not signifi-
cant ones,

Table 15. Mean Values for the Objectives Classified in
Category 3 by Judges and Teachers

Item number Ttem mean values
Judges Teachers

2 ' 1.83 ' l1.61
9 1.58 1.73
14 3.33 3.59
25 1.83 2.04
29 2.08 ' 1.79
49 1.91 1.53

Average: 2,09 2,05

The results of the analysis of variance applied to
this category are shown in Table 16. Here again it is
shown that there is no significant difference between the

groups.
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Table 16. Comparison Between Item Mean Values of Judges
and Teachers for Objectives in Category 3~-Analysis of
Variance

Source of Sum of Degrees of

variation squares . freedom .. . Mean squares F ratio
Between .0061 1 .0061 «0123
Within 4,9710 10 .4971 (not signifi-
Total 4,9771 13 .4525 cant at .05
level)

For category number 4, the content and the objec-
tives listed are as follows:

4. THE RELATIONSHIPS OF SCIENCE, TECHNOLOGY AND
SOCIETY

5. To help the student understand the influence of
science upon human life and thought.

6. To translate the complex and technological world in
which we live into a form which is comprehensible to the
student.

12, To develop an understanding of the scientific
endeavor and its relationship to society.

24. To develop an appreciation of the benefits of
science.

43. To provide a more penetrating understanding of the
relationships of current science to the other activities of
‘man and to his cultural patterns.

44. To provide knowledge and principles about appliances

which are useful for comfort and convenience in home and

community.
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50. To enable the student to understand the role science
plays in solving and creating problems in our society.

53. To make the student aware of an ethical obligation
in the application of scientific knowledge.

55. To show the student the part which science has
played in the development of the United States.

The item mean values for these statements appear
in Table 17. Looking at the average values for the two
groups, 2.43 for the judges and 2.33 for the teachers it
may be concluded that this type of objective is not
considered a major one. The same is shown in the indi-
vidual values with the exception of objective number 5.
Considering these results it seems that the major concern
is to show how science interacts with human life and
thought, and in second place how it interacts with society
and technology. It is interesting to observe the ranking
received by item 53, dealing with the moral implications
of applied science, Judges ranked it 3 and teachers 2.58
which implies it is not an'important objective at high

school level.
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Table 17. Mean Values for the Objectives Classified in
Category 4 by Judges and Teachers

—ee .
—

Item number - Item mean values
Judges Teachers

5 1.58 1.60
6 1.83 ‘ 2.36
12 1.75 2.20
24 p 2,23
43 2425 2.04
44 o 3.09 3.13
50 2,17 : 1.91
53 3.00 2.58
55 : 3.42 2.90

Average: 2,43 2.33

The corresponding analysis of variance for this
category shows that there is no significant difference
between the groups as far as the ranking of these 6bjec—
tives is concerned. The results are as follows:

Table 18. Comparison Between Item Mean Values of Judges

and Teachers for Objectives in Category 4--Analysis of
Variance

Source of Sum of | Degrees of

variation squares freedom Mean squares F ratio

Between - .0440 4 1 .0440 .1320

Within 5.3364 16 .3335 (not signifi-
Total - 5.3804 17 .3165 cant at .05
, level)

For category number 5, the content and the objec-

tives ‘listed are as follows:'
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5. UNDERSTANDING OF SCIENCE AS A BODY OF KNOWLEDGE
26. To develop a conceptual understanding of the
physical world.
38, To give information about the laws and principles
of the physical world.

Only two items under this category had sufficient
agreement of the judges to be included. The average values
for each of the preceding statements appear in Table 19.
These items are conceptually different and they were given
different ranking as shown in Table 19. Both_groups con-
sidered the understanding of the physical world to be mofe
important than the learning of principles that relate to
the physical phenomena. However, it is clear that the
first objective implies a knowledge of the physical lawé.

"Table 19. Mean Values for the Objectives Classified in
Category 5 by Judges and Teachers

Item number Ttem mean values
. Judges. . Teachers
26 1.25 1.68
38 2,17 2,45
Average: . . 1.71 2.06

The corresponding analysis of variance showed no

significant difference. The results are shown in Table 20.
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Table 20. Comparison Between Item Mean Values of Judges
and Teachers for Objectives in Category 5--Analysis of
Variance

Source of Sum of Degrees of

variation squares freedom . . Mean squares F ratio
Between « 1260 _ 1 .1260 «3502
Within .7196 -2 3598 (not signifi-
Total . 8457 3 .2819 cant at .05
level)

For category number 6, the content and the objec-
tives listed are as follows:
6. SCIENCE AS A PRE-REQUISITE FOR FUTURE STUDIES
7. To provide specialized education in science for
those who will constitute the creative scientific and
engineering manpower for the future.
10. To give a preparatory instruction for future college
courses.,
19. To provide the background required of individuals
entering technological occupations or professions.
20. To prepare scholars in the several disciplines of
science, |
35, To train the student in science matters in order to
obtain high grades at the college entrance examination.
The corresponding item mean values are shown in
Table 21, This type of objective was not considered
important as it is clearly shown in the groups averages

and even individually. However, in practice this objec-
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tive has been given great importance in many classrooms in
contrast to what is considered best by science educators.
Table 21. Mean Values for the Objectives Classified in

Category 6 by Judges and Teachers

<

Item numbex Item mean values
- Judges. . . - ... Teachers

7 3.00 2.68

10 ' 2.92 2,23

- 19 3.08 ' 2.77
20 Fu T 3.34

35 3.75 3.98
Average . 3.18 3.00

The analysis of variance between the two different
groups shows no significant difference. The results are
shown in Table 22.

Table 22, Comparison Between Item Mean Values of Judges

and Teachers for Objectives in Category 6--Analysis of
Variance

Source of Sum of Degrees of

variation squares freedom . . Mean squares F ratio
Between .0847 1 .0847 « 30801
Within 2.2791 8 .2824 (not signifi-
Total 2.3439 9 .2604 cant at .05
level)

In summary, the ranking given by the judges and
the teachers to the different categories is presented in

Table 23. For the teachers, the first place corresponds
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to the understanding and appreciation of the methods of
science (2) followed by development of scientific attitudes
and interest in science (3] and understanding science as a
body of knowledge (5). The judges ranked category 5 most
important and category 2 in second place. The results
obtained from the teachers correspond favorably with the
stated objectives of the teachérs discussed in Chapter 3.

Table 23, Average Ranking of Each of the Categories by
the Judges and the Teachers

- Judges Teachers
Understanding and application of the
methods of science (2) 1.86 1.85
Understanding of science as a body
of knowledge (5) 1.74 2,06
Development of scientific attitudes
and interest in science (3) 2,09 2.05
Nature of science, the scientific
enterprise and the scientist (1) 2.20 2,21
The relationships of science,
technology, and society (4) 2.43 2i¢33
Science as a pre-requisite for

future studies (6) S o 3.18 3.00

Statements Ranked Less Favorable
as Objectives

In contrast to the items that have been listed as
favorable objectives it is of interest to examine the

items that have been rejected as such by the judges and
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the teachers. For this purpose, items ranked either 4 or
5 with an agreement over 50 percent among judges and among
teachers are shown in figure 4.

There is a high degree of agreement between the
two groups as to which statements must be rejected as
possible objectives for science teaching at secondary
school level. As for statement number 39 that was not
mentioned by both groups, the teachers ranked it 2. This
statement refers to help the student develop desirable
study habits. There was a strong rejection of the state-
ment number 56, "to have the student accept the teacher's
point of view when discussing controversial topics." How-
ever, two teachers ranked it 3, one teacher ranked it 2
and one teacher ranked it 1! To provide for worthy use of
leisure time (17) was ranked 5 by nine judges while it
showed a spread distribution among teachers that shifts
the mean value up to 3.41, 'Howeﬁer, 24 out of 45 teachers
ranked it 4 or 5. This statement was included in Hunter's
list of objectives and it was given major emphasis by
about 28 percent of the Junior High School teachers and 15
percent of the senior High School teachers who participated

in a country-wide survey in 1943.4 The rest of the items

4George W. Hunter and Leroy Spore, "The Objectives
of Science in the Secondary Schools of the United States,"
School Science and Mathematics, XLIII (October, 1943)
636, 638,
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relate to learning formulas in physics (28), writing
reports for the experiments (41) and training in science
to be able to pass the college entrance examination

‘'successfully (35).

Item No. Judges Item No. Teachers
56 | 56 ' l
L ]
' ] 1
17 ' | a1 ' |
\ ] L
] ] ]
28 | ' 28 |
V : ' LI
] ] ]
39 . J l ' 35 T ™|
L. ] t g8 ]
41 | ' 17 7 '|
. TS ' [ EE—
R ' 1 '
35 1 [ ¢ !
i v [
% 50 100 % 50 100

Figure 4. Statements that Have Been Classified 4 or 5 by
Judges and Teachers.

Objectives that were Ranked 1 with a High
Agreement in the Groups

There is a remarkable difference between an item
showing a high percentage of agreement within the groups
concerning its rank and an item showing a spread frequency
distribution. The following lists present the.objectives
that were given major emphasis (rank 1) within an agree-

ment greater than 66 percent,
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Neither of the statements emphasized by the judges
appear in the list for the teachers. There is no over-
lapping at all., However, the content of the above men-~
tioned items is close. For instance, item 26 in the
judges' list is related to items 49 and 57 of the teachers'
list. In the same way there is some relation between items
54 and 4.

The statements that were ranked 1 by more than 66
percent of the group of judges are as follows:

26. To develop a conceptual understanding of
the physical world. 75%

31, To.provide a background in science as a
part of the general education of the
individual for effective citizenship. 75%

45, To develop knowledge which will give an
insight into the nature and organization
of the environment, making of it an
organized whole instead of a lot of
disjointed parts. 67%

54. To teach the student how to approach
scientific information with an open-
minded attitude and to base his conclusions
on all available facts. 67%

The statements that were ranked 1 by more than
66 percent of the group of teachers are as follows:

57, To help the student better understand the
physical phenomena in his everyday life. 78%

4, To train the student in the application of
the processes of critical thinking for the
solution of problems and the discovery of
new information, 77%
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36. To help the student acquire an ability
to approach and solve problems effectively. 73%

l. To help the student obtain an appreciation
- of the general aspects of science. 70%

49, To stimulate the student into wanting to
learn more about the physical world, 69%

54, To teach the student how to approach
scientific information with an open-minded

attitude and to base his conclusions on
all available facts. 67%

Summarx

The preceding analysis reveals, in the first place,
that the judges and the teachers have ranked the list of
objectives in a similar way since the analysis of variance
showed that there is no significant difference between the
way they ranked the objectives. Besides, the group
averages, either when dealing with mean scores or item
mean values were very close. However, in most cases the
judges ranked slightly lower than the teachers (that is,
closer to 5). Some differences in the item mean values
for judges and teachers have been pointed out for a few
items. Through the study of the item mean values given by
the teachers it can be concluded that they emphasize the
understanding and application of the scientific method,
‘the development of scientific attitudes and interest in
science, and the understanding of science as a body of
knowledge. This is also corroborated by the three objec-

tives that received ranking of 1 with highest average for
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agreement, even though they are stated in a different way
these are conceptually coincident (Items 57, 34, and 36).
Secondly, no significant difference with respect to mean
scores could be found between the three sub~groups of
teachers that have been considered here: physical science,

physics, and physical science and physics.



Chapterxr 5
CONCLUSIONS AND RECOMMENDATIONS

The conclusions will be presented in the order in
which the problem was defined. The limitations stated

earlier will be taken into account,
CONCLUSIONS

The information gathered from the teachers' state-
ments shows that the following objectives are held moét
important:; (1) to develop in the student scientific
attitudes, skills and abilities, (2) to have the student
learn about the physical laws and theories, (3) to arouse
interest in science, and (4) to have the student under-
stand and apply the scientific methods. They have been
mentioned in the orxder of importance given to them. There
is an agreement with the results that have been discussed
in the related literature. The evaluation of the 57 items
yields four major objectives: (1] the understanding of
physical phenomena in the student's everyday life, (2)
development of critical thinking to solve problems and
discover new information, (3) development of the ability
to approach problems effectively, and (4) appreciation of
the'geherél aspects of science. These objectives are con-

ceptually similar to those specified above, thus showing
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that there is some consistency between the two parts of

the survey. 1In summary, the teachers main concern is to
teach the scientific methods, to have the student learn
about the world around them and to show them the importance
of science (that is, methods, facts and appreciation of
science). The outstanding objective seems to be the
development of characteristics that can be used in other
fields of human endeavor such as critical thinking, skills,
and abilities., In addition, the teachers seem to have a
sufficient breadth of objectives in mind. However, it is
to be noted that when they have a list of objectives before
them, they will recognize many more.

It can be concluded that there are no general
differences between the physical science and the physics
teachers with regard to their objectives in science teach-
ing., However, some minor differences can be mentioned as
were shown in the analysis of the subjective part on page
44, For example, physical science teachers emphasized,
the development of scientific attitudes, skills and abile
ities, the appreciation of the environment and the impor-
tance of science, and the.historical aspects of sciénce and
scientists more than the physics teachers. Conversely, the
latter emphasized the preparation for a scientific career
and learning of specific topics more than the physical

science teachers, This result is not new and has been
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obtained in earlier research., There is a difference in
emphasis of objectives for physical science and physics
teachers with regards to those who teach both courses,
However, the mean scores for the evaluation of the items
did not differ significantly. In a sense, both courses
should complement each other. Those persons who teach
both courses are likely to have a broader prospective of
the physical science-physics sequence and see that the
courses are complementary.

There was agreement between the panel of professors
and the teachers with regards to the main objectives in
science teaching. There was also good agreement as to
which statements must not be considered as objectives in
a science course such as learning formulas, writing reports
for experiments, training the student to pass the college
entrance examination.

This study shows that the humanistic aspects of
science have not been emphasized as objectives by this
~group of teachers, in comparison with the more traditional
ones such as understanding of the environment, scientific
methods, and appreciation of science. Thus, a possible
plan to improve science teaching in the area would be to
emphasize and develop topics concerning the relationship

between science and the humanities, It is hoped that the
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recent implementation of the Project Physics Course in this
area will lead to a favorable change in the attitude of the
teachers,

Teaching science to prepare students for a scien-
tific careexr or to attract students towards scientific
careers was not considered an important objective. This
objective, which received considerable emphasis in the
past few decades~-especially after the launching of the
first Sputnik~-is now receiving-less emphasis. One major
reason for this change is probably due to the decrease in
the demands for physicists. This problem has been fre-

quently mentioned in periodicals such as Physics Today.,

The American Institute of Physics offered a report in one
of its recent publications concerning the physicists and

the job market.l

RECOMMENDATIONS

. The method of research discussed here can be used
for further studies. Some changes and improvements for the
~gathering of information are now suggested. 1Instead of
asking the teachers to state their objectives with no con-

ditions at all, it might prove better to require them to

" list a fixed number of statements and then have them

1American Institute of Physics, Educational Newsw
letter, XIV (February, 1971), special issue.
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ranked. This would prevent a teacher from expressing only
one or two objectives, and thus more information would be

obtained from the ranking. However, this proposed proce-

dure would introduce limitations to free expression.

Considering the difficulties experienced in the
categorization of the list of items, a further use of this
type of evaluation should require that each item used
belonged to only one category. Instead of using the
objectives exactly as they appear in several lists of the
science education literafure; it might be better to adapt
them to the needs of the survey. In addition, the situa-
tion of a category:with only two items in it should be
avoided.

A further study using the two sources of informa-
tion as it was done here, could be an analysis of the
individual responses for the two parts of the question-
naire. A teacher might not have many objectives in mind
but can recognize them when they are presented to him,

Since this study was limited to the forty-~five
teachers from eastern North'Carolina who were participating
in the In-Service Institute program, the conclusions are
also subjected to the limits of application to this group.
/Therefore, it is suggested that a more comprehensive study
of this nature include a larger sample of teachers.

Finally, it is clearly understood that the conclu-
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sions obtained from this research relate to the objectives
teachers have in mind, but this does not guarantee that
they are actually applying their goals in the classroom.
Some teachers might not know how to do this; others might
not care to follow their objectives, For this reason, the
only way to investigate the aims which are actually fol~
lowed, and guide the science teaching is through the
students. Appropriate tests are available to measure the
accomplishments‘for some objectives, but not all. In this
respect, a very important work is being done by the
National Assessment of Educational Progress (NAEP) whose
main task is to gather information about the knowledge,
skills, attitudes and understanding of young people and to
report the educational progress they make.2 The assess-
ment was based on a set of major objectives from which
adequate sub-objectives (behavioral objectives) were
stated. With these in mind exercises were produced with
the purpose to measure the objectives.3 However, there

are still certain "“intangible" aspects of science teaching

2Education Commission of the States, "National
Assessment of Educational Progress," Summary of Report 1,
Science: National Results, July 1970,

3Richard J. Merrill, "National Assessment of
Science Education~-A Beginning," National Assessment of
Educational Progress, Report l-~Science: National Results.
Observations and Commentary of a Panel of Reviewers (July,
1970), p. 20. :
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which will require new instxruments to be developed in order

to be able to evaluate them through the students,



BIBLIOGRAPHY



BIBLIOGRAPHY

Books

Andersen, Hans O. (ed.). Readings in Science Education
for the Secondary School. New York: Macmillan Co.,
1969.

Brandwein, Paul F., Fletcher Watson, and Paul Blackwood.
Teaching High School Science: A Book of Methods. New
York: Harcourt, Brace and Co., 1958,

Ebel, Robert L. (ed.). Encyclopedia of Educational
Research. American Educational Research Association.
Toronto: The Macmillan Co,~-Collier-Macmillan Ltd.,
1969,

Eiss, Albert F., and Mary B. Harbeck. Behavioral Objec-
tives in the Affective Domain. Washington: NSTA, 1969.

Good, Carter V. (ed.). Dictionary of Education. New York:
' McGraw~Hill Book Co., 1959.

Guilford, J. P. Fundamental Statistics in Psychology and
Education. New York: McGraw-Hill Book Co., 1956.

Heiss, Elwood D., Ellsworth S. Obourn, and Charles W.
Hoffman. Modern Science Teaching. New York: The
Macmillan Co., 1950.

Hunter, George W. Science Teaching at Junior and Senior
High School Level. New York: American Book Co., 1934.

Hurd, Paul De Hart. Biological Education in American
Secondary Schools 1890-1960. Washington: American
Institute of Biological Sciences, 1961.

Laton, Anita, and Samuel Powers. New Directions in
Science Teaching. New York: McGraw-Hill Book Co.,
1949,

Mager, Robert F. Preparing Instructional Objectives.
Palo Alto: Fearon Publishers, 1962.

Nedelsky, Leo. Science Teaching and Testing. New York:
Harcourt, Brace and World, 1965.




90

Physical Science Study Committee. Physics. Boston:
D. C. Heath and Co., 1960,

Project Physics. The Project Physics Course--Text and
Handbook, Unit 1 Concepts of Motion. New York: Holt,
Rinehart and Winston, 1970.

Richardson, John S. §Science Teaching in Secondary
Schools. Englewood Cliffs, N.J.: Prentice~Hall, 1957.

Secondary Schools., Philadelphia: W. B. Saunders Co.,
1967 ‘

Periodicals

American Institute of Physics, = Educational Newsletter,
XIV (February, 1971), special issue.

Andrew, Michael D. . "Schools, Science and Society,"
Science Education, LIV, 4 (1970), 319.

Atkin, Myron. "Behavioral Objectives in Curriculum
Design," The Science Teacher, XXXV (May, 1968), 27.

Bergen, L, M., and others. .."Objectives of Science Teach-
ing," School Science and Mathematics, XXXI (May,
1931) ,” 350,

Burmester, Mary A., and Victor Noll. "A Synthesis and
Evaluation of Objectives for a Course in College
Biology," Science Education, XXXVIII (March, 1954),
143,

Cossman, George W. "The Effects of a Course in Science
and Culture for Secondary School Students," Journal
of Research in Science Teaching, VI, 3 (1969), 274.

Gagne, R. M. "Elementary Science: A New Scheme of
Instruction," Science, CLI (1966), 49.

Garret, Alfred B. '"Science Education Toward the World We
Want," The Science Teacher, XXXVII, 5 (1970), 18.

Gideonse, Hendrik D. "Behavioral Objectives: Continuing
the Dialogue," The Science Teacher, XXXVI (January,
1969), 51.




21

Gresswell, B.  "Science for All--a New Look," The School
Science Review, LI (Maxch, 1970), 528,

N

Harmin, Merrill, Howard Kirschenbaum, and Sidney B. Simon.
"Teaching Science With a Focus on Values," The Science
Teacher, XXXVIT (January, 1970), 16.

Henson, Kenneth T. "Contributions of Science Principles
to Teaching~-The History and Status of the Science
Principle," Science Education, LIV, 4 (1970), 317.

Hunter, George W. and H. J, Edward Ahrens, "The Present
Status of Science Objectives in the Secondary Schools
of California," Science Education, XXXT, 5 (1947),
287, .

- and Roy Knapp. "Science Objectives at the Junior-
and-Senior-High-School Level," Science Education, XVI
(October, 1932), 407.

and Leroy Spore. "The Objectives of Science in
the Secondary Schools of the United States," School
Science and Mathematics, XLIII (October, 1943), 633.

Koran, John J., Jr., Earl J. Montague, and Gene E. Hall.
"How to use Behavioral Objectives in Science Instruc-

tion," How to . . . series, NSTA (1969), stock No.
471-~14596.
Lee, Donald E. "An Evaluation of Certain Objectives of

High School Physics with Reference to the Training of
Future College Physics Majors and the General Educa-
tion of all Students," Science Education, LXVI
(October, 1962), 385.

Little, Robert N. "On Physics in General Education,"
The Physics Teacher, IX (March, 1971), 119.

Morgan, Ashley G. "A Multivariate Approach; Evaluating
Major Objectives in Science Education," Journal of
Research in Science Teaching, VI, 2 (1969), 163.

Ryder, M. Briant. "Behavioral Objectives: an Introduction
for Physics Teachers," The Physics Teacher, VIII
(October, 1970), 361.

Wolfe, Deborah P. "Trends in Science Education," Science
Education, LIV, 1 (1970), 75.



92

Publications of the Government, Learned Societies,
and Other Organizations

Committee on the Function of Science in General Education
of the Commission on Secondary School Curriculum,
Progressive Education Association. Science in General
Education. New York: Appleton-Century Co,, 1938.

Educational Policies Commission. Education for All
American Youth. Washington: National Education
Associatilon, 1944,

Education Commission .of the States. National Assessment
of Educational Progress. Summary of Report 1, Science:
National Results, July, 1970.

Haber-Schaim, Uri. "Objectives and Content of the Course,”
Introductory Physical Science, Physical Science II--
A Progress Report. Newton, Mass.: IPS Group, 1969.

Hale, Helen. "Quality Science for the Junior High School."
Quality Science for Secondary Schools. Prepared by
the National Association of Secondary School Princi-
pals. Washington: National Science Teachers Associa-
tion, 1960,

Merrill, Richard J. "National Assessment of Science
Education--A Beginning," National Assessment of Educa-
tional Progress, Report l--Science: National Results.
Observations and Commentary of a Panel of Reviewers
(July, 1970), 20.

National Association of State Directors of Teacher Educa-
tion and Certification. Guidelines for Preparation
Programs of Teachers of Secondary School Science and
Mathematics. A report prepared by the Teacher
Preparation—-Certification Study. Washington: National
Association of State Directors, 1961.

National Science Teachers Association Committee on Issues.
"NSTA Positions on Critical Issues Confronting the
Science Teaching Profession," The Science Teacher,
XXXVII (October, 1970), 55.

National Society for the Study of Education, A Program
for Teaching Science. Thirty-first Yearbook,
Chicago: University of Chicago Press, 1932.




93

. Science Education in American Schools. Forty-
six Yearbook, Part I. Chicago: University of Chicago
Press, 1947,

. Rethinking Science Education. Fifty-ninth
Yearbook, Part I. Chicago: University of Chicago
Press, 1960,

Pella, Milton O., George O'Hearn, and Lindley Stiles,
Scientific Literacy, Technical Report No. 1. The
Scientific Literacy Research Center. Madison:
University of Wisconsin, January, 1966.

State Department of Public Instruction, '~ Science-~Grades
7-9. Raleigh: State Department of Public Instruction,
1964.

Unpublished Materials

Champlin, Robert F. "The Development and Field Testing of
an Instrument to Assess Student Beliefs About and
Attitudes Toward Science and Scientists." Unpublished
Doctor's dissertation, The Ohio State University, 1970.

Sheppard, Moses M, "The Relation of Various Teacher and
Environmental Factors to Selected Learnings of Ninth-
Grade Science Pupils." Unpublished Doctor's disserta-
tion, Ohio State University, 1966.



APPENDIXES



95

APPENDIX A
STATEMENT OF SCIENCE OBJECTIVES

by | date

State briefly the main science objectives that you would

like to realize in your physical science and/or physics
classes.

PHYSICAL SCIENCE

PHYSICS
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APPENDIX B

EVALUATION OF SCIENCE OBJECTIVES
IN SECONDARY SCHOOL PHYSICS COURSES

Name Usual teaching area: (check)

School physical science
biology
chemistry
mathematics

physics

NS
e N et e

This is not a test. The purpose of this evaluation is to
get information about the objectives that teachers have in
mind and try to put into practice when they are teaching
physics in their science classes.

There are no right or wrong answers. An answer is right
if it is right for you.

DIRECTIONS:
Do not turn the page until you are told to do so.

This is a list of possible objectives for the teaching of
physics in a physics or a physical science class. Some of
them might seem to you more important than others, some
might not be considered as objectives at all. You are
expected to express your opinion by ranking each item
according to its degree of importance.

You will find a statement like this:

"Tc teach the student the methods of science"
Place your ranking on the IBM score sheet according to a
scale from 1 to 5, in a decreasing degree of importance,

using a 1 for a main objective.

1 2 3 & 5

main not an
objective objective

NOTE: If you usually teach physics and physical science,
answer the questions with reference to your physics
class rather than your physical science class,
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This test was developed in the course of research at the
Department of Science Education, East Carolina University,
Greenville, N. C. This test is not to be used, in whole
or in part, without permission from the Department of
Science kducation, October 1970.
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11,

12 «
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To help the student obtain an appreciation of the
general aspects of science.

To arouse enthusiasm by means of increased under-
standing of scientific truths.

To provide a background in scientific experimenta-
tion.

To train the student in the application of the
processes of critical thinking for the solution of
problems and the discovery of new information.

To help the student understand the influence of
science upon human life and thought,

To translate the complex and technological world
in which we live into a form which is comprehensible
to the student.

To provide specialized education in science for those
who will constitute the creative scientific and
engineering manpower for the future.

To let the student know about the men and women who
made important contributions to science,

To satisfy the student's natural curiosity about the
physical world in which he finds himself,

To give a preparatory instruction for future college
courses.

To develop skills and abilities in science which will
be useful in his future life.

To develop an understanding of the scientific endeavor
and its relationship to society.
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14,

15.

16.

17.

18 »

19 .

20,

2l

22,

23

24,

a5

99
To show the student the accomplishments of applied
science and technology.
To persuade more students to become scientists,

To develop an appreciation of the work and contribu-
tions of scientists.

To appreciate the tentative nature of scientific
data and conclusions.

To provide for worthy use of leisure time.

To develop a scientific attitude toward any kind of
problematic situation.

To provide the background required of individuals
entering technological occupations or professions.

To prepare scholars in the several disciplines of
science.

To help students learn how modern scientific ideas
have developed.

To teach the students the how and why of scientific
phenomena.

To develop an awareness that man's ability to modify
his environment is limited by his understanding of
its nature.

To develop an appreciation of the benefits of science.

To develop an interest in current happenings in the
changing world of science.
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27-

28.

29

30.

31.

32,

33.

34,

35,

36.

37.

100
To develop a conceptual understanding of the physical
world, ' ’

To help the student to appreciate the value of
scientific theories as explanation of facts and as
predicting factors to force new experiments.

To assure that the student knows the major formulas
in physics.

To help the student acquire the ability to make more
objective judgements, avoiding personal bias,

To help the student master the scientific method of
problem solving.

To provide a background in science as a part of the

~general education of the individual for effective

citizenship.

To show the student how mathematics is applied to
physical problems.

To teach students how to analyze critically the old
and new concepts in science.

To help the student acquire a better understanding
of the aims and methods of science.

To train the student in science matters in oxder to
obtain high grades at the college entrance examina=
161 - '

To help the student acquire an ability to approach
and solve problems effectively.

To provide an education in science for all students
that will ensure a level of scientific knowledge
commensurate with the demands placed on society by
science and technology.
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29.

40.

41.

42,

43,

44,

45.

46.

47.

48,
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To give information about the laws and principles of
the physical world.

To help the student to develop desirable study habits.

To help the student acquire an appreciation of the
universal operation of physical laws (cause and
effect relationship).

To have the student write formal laboratory reports
for every experiment.

To show the student that scientific theories are
accepted on the bases of predictions and analytic
success and not on the strength of traditions or
personal interests.

To provide a more penetrating understanding of the
relationships of current science to the other
activities of man and to his cultural patterns.

To provide knowledge and principles about appli-«
ances which are useful for comfort and convenience
in home and community.

To develop knowledge which will give an insight into
the nature and organization of the environment,
making of it an organized whole instead of a lot

of disjointed parts.

To develop powers of observation and reasoning
together with the habit of study.

To enable the student to understand the nature of
physical quantities.

To provide an understanding of the relations within
and among the various sciences.
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50.

5l

52

53.

54,

55

56.

57.

102

To stimulate the student into wanting to learn more
about the physical world around him,

To enable the student to understand the role science
plays in solving and creating problems in our
society.

To help the student learn to receive and express
ideas effectively.

To provide an appreciation for the beauty, order-
liness, and complexity of matter,

To make the student aware of an ethical obligation
in the application of scientific knowledge.

To teach the student how to approach scientific
information with an open-minded attitude and to
base his conclusions on all available facts.

To show the student the part which science has
played in the development of the United States.

To have the student accept the teacher's point of
view when discussing controversial topics,

To help the student better understand the physical
phenomena in his everyday life.
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APPENDIX C

CATEGORIES OF OBJECTIVES

(I) Nature of science, the scientific enterprise and the
scientist.

(ITI) Understanding and application of the methods of

science.

(IIT) Development of scientific attitudes and interest in
science.

(IV) The relationships of science, technology, and society.

L

(V) Understanding of science as a body of knowledge

L

(VI) Science as a pre~requisite for future studies,

(VII) None of the above.
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APPENDIX D

Judges' Categorization of the 57 Items Listed

Item
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APPENDIX D (continued)

i

- 10

Judges

Item
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