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Abstract:

It was the purpose of the study to determine the status of physics teaching in the public high schools of
Montana during the 1972-73 school year. The results of this investigation were compared to earlier
studies to determine the progress that had been made in physics since 1959. The study concentrated on
teaching objectives and "external factors”. “External factors” included the enrollment in physics,
teaching assignments, teacher preparation in physics, and laboratory and supplemental materials
available.

Data were collected from three main sources. These were: 1)the Fall Reports submitted by the school
districts to the State Department of Public Instruction; 2)questionnaires sent to all Montana high school
physics teachers; 3)a visitation to twenty-two randomly selected high schools in Montana. The return
of the “High School Physics Questionnaire” which emphasized the “external factors” was 81 percent.
The return of the “Teachers’ Objectives Questionnaire” was 84 percent. The major conclusions of the
study were: 1)high school physics in Montana was mainly for the better students. Mathematics and
problem solving were emphasized; 2)the teaching objectives of Montana physics teachers could be
generalized to have been “traditional”; 3)"traditional” textbooks were used most often. P.S.S.C. Physics
and Project Physics were used by some teachers as supplementary textbooks. P.S.S.C. Physics had
greatly influenced the laboratory; 4) the academic preparation of Montana physics teachers had
improved in the sciences and mathematics.

There were still many teachers, however, with 15 or less quarter hour credits in physics; 5)on the
average the laboratory facilities had improved, but there were still many schools with inadequate
physics laboratories.

The recommendations of the study were; 1)Montana colleges and universities should offer in-service
and summer courses for high school physics teachers; 2)A program designed to increase
communications between all physics teachers should be implemented. A State Coordinator of High
School Physics should be created; 3)The undergraduate program in preparing physics teachers should
be examined; 4) Programs such as summer physics institutes and the Science Curriculum Center, at
Montana State University, should not only continue, but expand their services.
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ABSTRACT

It was the purpose of the study to determine the status
of physics teaching in the public high schools of Montana
during the 1972-73 school year. The results of this in-
vestigation were compared %o earlier studies to determine
the progress that had been made in physics since 1959. The
study concentrated on teaching objectives and "external . .
factors”. "External factors" included the enrollment in
physics, teaching assignments, .teacher preparation in phy-
sics, and laboratory and supplemental materials available.

Data were collected from three main sources. These .
were: 1)the Fall Reports submitted by the school districts
to the State Department of Public Instruction; 2)question-
naires sent to all Montana high school physics teachers;
3)a visitation to twenty-two randomly selected high schools
in Montana. The return of the *High School Physics Ques-
tionnaire" which emphasized the."external factors" was 81
percent. .The return of the "Teachers' Objectives Question-
naire” was 84 percent. )

The major conclusions of the study were: 1)high school
physics in Montana was mainly for the better students. '
Mathematics and problem solving were emphasized; 2)the
teaching objectives of Montana physics teachers could be
generalized to have been *traditional”; 3)"traditional®
textbooks were used most often. P.5.5.C. Physics and Pro-
ject Physics were used by some teachers as supplementary
textbooks. P.3.5.C. Physics had greatly influenced the
laboratory; 4) the academic preparation of Montana physics
teachers had improved in the sciences and mathematics.

There were still many teachers, however, with 15 or less
guarter.hour credits in physics; 5)on the average the. -
laboratory.facilities had improved, but there were still
many schools with inadequate physics laboratories.

, The recommendations of the study were: 1)Montana col-
-leges and universities should offer in-service and summer
courses for high school physics teachers; 2)A program de-
signed to increase communications between all physics teach-
ers should be implemented. A State Coordinator of High
School Physics should be created; 3)The undergraduate pro-
gram in preparing physics teachers should be examined; 4)
Programs such as summer physics institutes and the Science
Curriculum Center, at Montana State University, should not
only continue, but expand their services.
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CHAPTER I

THE PROBLEM

Introduction

In the mid 1950's, the United States was in a position
| to think about its future. World War II and the Korean War

were over. With the death of Stalin in 1953, the fear of

Communism, which was displayed in the McCarthy hearings, had

dissipated to a rational level. This was a time for plan-
ning for the fufure, even though well defined goals were not
yet established. |

In 1950, Congress established the Nationai Science
Poundation (NSF). By charter, this Foundation was expected
to develop "a national policy for the promotion of bhasic
research and education in the sc:Lences,,‘"1 World War II and
the Korean War had convinced Congress that a strong_séience
program in the United States was necesséry for the national
defense.2 |

During the early years of the Foundation, most money

1Paul'Eo Marsh, end R.A. Gartner, Federal Aid to

Science Bducation: Two Programs, Syracuse University Press,

New Yorlk, 1963, p. 15,

2Tpid., p. 17.
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2
received from Congress went to support basic scientific
research,® Tt was not until 1956, that the Foundation be-
came concerned aboutf the quality of science education in the
nation's high schools. It felt fhat in order to éncourage
youngsters to prepare for a scientific career, it was neces-
sary to have challenging, modern high school science courses

4 The National Science Found-

taught by first-rate teachers.
ation felt that both of these ingredients were lacking in
many of the high schools in the United States., NSF prepared
to tackle the problem of teacher preparation first. It |
sponsored summer and academic yeér institutes for university
study in science and mathematics for high school teachers°5
This program was intended {0 up-date and build'onto the
science prep?ration the high school teachers already had.
Independently in 1956, the Physical Science Study
Commission (P.S.S.C.) was formed af the Massachusétts Insti-~

tute of Technology. This group applied to NSF for a grant

to develop a high-quality physics curricula that could be

31pid., p. 18.
41vid., p. 18.

>Thid., p. 18.
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taught by a teacher with a poor physics backgrounde6 They

were awarded the grant, and started their work unaware of
the importance physics would have in the American education-
al systém in the very near future.

On October 4, 1957, Sputnik I was launched by the
U.S.5.R. It was not until February 1, 1958 that the United
States? spéce progfam was able to put a satellite into or-
bit. This Russian achievement created a strong feéling of
competitiveness among the American people., The United
States was going to try to be fhé first to land a man on the

mdono The goals now had been set for the next ten years.

The United States had entered the Space Race.

‘The American pebple Were‘demanding to know why the
American Space Program was not first, and one area which
came under close scrutiny was the field of Education. A
total re-evaluation of the American educational system was
undertaken,7 One of the first, and perhaps most important,
aspect to be studied was the different kind of teaching
methods used in the classroom. Leading educators'began cri-

ticizing the “traditional®” methods employed by most class-

bGilbert C. Finley, "Secondary School Physics:
P.S5.5.C.%¥, American Journal of Physics,. 28:286~93, March,
19604,7 .

Marsh and Gartner, op. cit.,; p. 44.




4
room teachers. These *“traditional methods!” emphasized the
teaching of facts rathér than processes. They felt"that if
this could be changed, an improved American educational sys-
tem would follow., As a result of'thiS‘movemént, a number of
new teaching programs were developed.

It soon became apparent that in order to have a suc—'
cessfﬁl space program, a strong physics program was also
needed?8 With this new public attitude, the National
Science Foundation and the Physical Science Study Commission
gained momentum. The Physical Science Study Commission
planned and wrote the P,S.S5.C. physics curriculum. Since
that time, a number of new programs ih physics have been
written by various égenciese Theée programs vary in grade
level from elementary school through the college level.
Among these programs developed were Introductory_Physical
Science, Harvard Project Physics, Berkeley Physics, Phyéical
Science for Nonscientists, Science Curriculum Improvement
Study, and Elementary-Science'Study°

The development of these new programs in physics was
made possible in many cases by NSF grants. These grants
allowed many of the leading scientists and educators in the

field of physics to be assembled together to work on the

SIbid., p. 45
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curricula. They arrived at many new ideas and techniques on
how to teach rhysics students at the high school and also

the college level,

Statement of the Problem

During the 1958-59 school year, two studies were con-
ducted on science teaching in Montana at the secondary

9

school level. Orlichfs study concentrated on the methods .
of teaching science. He prepared and administered a ques«"
tionnaire covefing six areas of emphasiso These divisions
were: 1) administrative factors, 2) méthods_and procedures
of the science teachers, 3) audio-visual aids, 4) library
and related facilities, 5) testing and evaluation, and 6)
recommendations of the Montana senior high school science
teachers. 'GebhartTO concentrated his study more on "ex-

ternal factors®™ rather than classroom methods,_ He deter-

mined sizes of schools, sciences taught, enrollment in the

9Donald C. Orliéh An Appraisal of the Methods of
Teaching Science In the Senior High Schools of Montana,"
(unpublished Master®s thesis, University of Utah, Salt Lake

City, 1959).

10James W. Gebhart, “The Teaching of Science In the
Secondary Schools of Montana®,. (unpublished Doctorate
thesis, Ohio State University, 1960).
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various sciences, teaching assignmentsy teachér preparation
in the sciences, and teacher salaries.

Both of these studies were doné soon after the initial
impact of Sputnik. They, therefore, served as a bhasis for
what physics teaching in the secondary schools of Montana
was like before the development of the new curricula and the
renewed emphasis on the vpgrading of the educational system.

This d;ssertation deals with the status of teaching
physics . in the public high schools of Montana during the
1972-73 school year. The results of this investigation were
compared to earlier studies to determine the progress that
has been made in physics education during the past fourteen
years. An anslysis was made of the new programs in physics
to determine which have been of the most benefit, and have
been used by the most_high school physics teachers in Mon-
tana. This study concentrated on the teaching. methods and
the "external factors’™ now being used in the high sch&ols.

fExternal factoré" included the enrollment in pﬁysicsg
teaching assignments, teacher preparation in physics, and
laboratory equipment available. Programs were deveioped and
carried out during the !960'3 to try to influence these sta-
tistics. Institutes such as the National Science Foundaﬁion

Teacher Inétitutes were conducted throughout the Uﬁited
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States to upgrade the teacher's preparation in physics. Néw
curricula were developed, such'as1Har§ard Pfojeét Physics,
which had as one of their major goalsy to increase the num-
ber of high school studentsoenrolled in ;;hyéicse The Nation-
al Defense Educational Act,(NDEA) provided money for science
equipment in the public schools; By comparing fhe data de-
veloped by this study with‘those compiled by Gebhart, it can
be determined if there has been any significant change in
these factors in Montana,

The second area investigated was the teaching methods
employed by the high school teachers of Montana. These
methods included course objectives, laboratory use, and or-
ganizétion of subject material . Although the techniques to
be used by this investigator were not the same as Orlich used
in his study, it was still possible fo compare these findings
Changes should have occurred if the goals of NSF, NDEA, and
curricula written since‘1956 have had any impact on the phy-

sics teaching in Montana.

Need for and Benefit of the Study

Due to the increased pressure on education to account
.for its role and mission in society, it is important that

studies be made of the current practices in specific subject




8

areas. These studies can then serve as a basis to determine
if an upgrading and réformation would be needed for any
methods and standards now used in the classroéms° If is .
important that if any changes aré made, that they be baéed
on factual information and not speculation. This research
project provides data on Montana's current physics program
in 'the secondary schools. | l

This study pro&ides a standard of comparison for sec—
ondary level physics programs in Montana. Thé results are
stratified according to high school population. Individual
teachers or entire school districts can compare their own
programs with schools similer to théirs throughout the state.

Institutions that train physics teachers for the sec-
ondary level should also benefit from this study. It is im-
portant that they know the current state of the physics pfof
grams in the secohdary schools, This is necessary so that
future.teachers can be taught what to expect out on the job,
and-how these present condiﬁions can be improved. The
teacher-training schools have also been given the responsi-
bility of updating and retraining the experienced teacher.
Federal funding is available t0 support progréms such as
in~-service institutes and instrucfionai resource centers.

If these programs are going to be of maximum benefit, a
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knowledge of the current state of physics teaching should be
obtained in order to gear them to the proper level,

Another reason for undertaking this research project
was to determine the effect of past attempté in changiné the”
physics program. A great deal of money, talent, and ehergy
was expended in the United States during the past fourteen
yvears to change the direction of the physics ﬁrogram at thé
' secondary levela. Perhaps by studying the present state of
the physics program in Montana, it can be determined which
of these changing forces have sﬁcceeded, and which have not.

In summary, the most important function of this study
was to serve as a basis for initiating change. This study
will, hopefully, serve as a hasis for determining whaﬁ, if
any changes should be undertasken to improve the overall phy-

sics program in Montana.

General Questions to be Answered

This study will answer a number of questions about the
physics program in the high schools in the state of Montana.
A list of these questions include:

1. What was the enrollment in physics in Montana

high schools during 1972~73?' How does this

enrollment compare to that of ﬁ958«59?
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What formal training in physics {(and other
disciplines) did the physics teachers in the

secondary schools of Montana during 1972-73?

~How did this compare to the 1958-59 school

year?

What Were the teaching assignments of the

high school physics teachers in Montana during
1972-73? How did this‘comparévto 1958-59?

To what'extent had Federal monies been used

in Montana for updating high school physics
facilities, or in upgrading the teacher's
knowledge of physics? |

What was the number and a&ailability of courses
in physics in the high schools of Montana during
1972-732 | |

What waé the availabilitj of physics laboratory
equipment in the high schools of Montana?

What was the extent of library facilities re-

lated to physics in the high schools in Montana?

- What were the audio-visual facilities related

to physics that were available to the physics

teachers and students in Montana?
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9. What were the prerequisites that a student must
fulfill in order to enroll in a physics course
_ in the high schools of Monﬁana?
"10., What type of courses (iseo-Pos;S,C;, Harvafd
Project Physics, "traditonal®, etc.) were
being taught in the high schools of Montana?
11. What course objectives did the physics teacﬁers
in Montana hold fo be most important?
12, Were the objectives df the physics téachers of
| Montana in harmony with the type of courses
being taught? ‘
13. What was the academic abilityhof‘the students
\ enrolled in physics courses in the high schools
of Montana®
14. What, if aﬁything, could be done to improve the
high school physics being taught in Montana

within the resources available?

General Procedures

In order to answer these questions, data had to be
collected from three main sources. These were: 1) the fall
reports submitted by the school distficts to the State De-

partment of Public Instruction; 2) a questionnaire sent to
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all high school physics teachers in Montana; and 3) a visit-
ation to twentymtwo.randomly selected high schools in Mon-
tana. (List in Appendix A, page 247).

Initially a visit was made %o the State Depértment of
Public Instruction. This was done so the fall reports for
1971-72 could Ee examined. These reports conﬁained infor-
“mation on school enrollment, sciences taught, enrollment in
the sciences, teaching loads of the physics teacher, and
the college hours of preparation the physics teachér had in
various subject areas. The 1970~71 fail'reporfs had to be
used for the college preparation of physics teachers due to
a change in form of the fall reports starting with the 1971~
72 school year. Because this data was older and perhaps,
less reliable, this infbrmation”was‘asked for again in the
questionnaire.

.Frpm the fall reports it was ascertained which high
schools offered a physics coﬁfsé during the past three years.
All.of these schools were sent a "High Schéol Physics~Ques~
tionnaire®”. (copy in Appeﬁdix D,. page 250). A randomly
selected stratified group of physiés teachers received, in
addition, a *"Teachers'® Objectives Questiomnaire”. (copy in
Appendix E; ﬁage 256). Three weeks affer mailiﬁg these

guestionnaires, they weré mailed again to the teachers who
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did not respond. Six weeks after the initial mailing phone
éalls were made to'the non-respondent schools to determine'
if anyone at the school was gqualified to fill out the ques-
tionnaifea At some schools there was no physical sicence
teacher employed during the year, and'they'were eliminated
from this study. |

From the questionnaires retured, informafion about the
teachers® objectives in teaching physics, the teachers'
college preparétion, the teachers' opinions about how vari-
ous agencies coﬁld help their physics prograﬁ, and finélly
factual information about their physics programs was obtain-
ed. The factual iﬁformation included prerequisites needed
for a student to take physics, text used, extent new curﬁim
cula were used, adeguacy of laboratory, library? and audio-
visﬁal facilities, and whether or not their school had par-
ticipated in any Federal Aid to higﬁ school physics.

Finally, due to the researcher’s opinion that the most
reliable method of obtaining dafa was through personal vis-
its to the schools and with the teachers, as many of these
trips were undertaken as resources permitted. Altogether
twenty-two randomly selected schools were visited. For each
 visit, a uniform intervi:wving procedure was used. (copy in

Appendix F, page 260).




_ 14

The resulfs of this study were broken down into four
categories, These were; schédis with student enrollment
over 800; schools with enrollment between 300 and 800;
schools with enrollment between 100 and 300; and schools
with enrollment under 100, Fér,this reason, the random
selection of schools to be visited was also stratified. The
stratification was based'on the ﬁumber of stuaents enrolled -
in each of the above catagories.

The data resulting from this investigation was anélyzed

and presented, utilizing descriptive statistical analyses.

Definition of Terms

PeS5.5.C. Physics Curricula. A physics curriculum de-

Veloped‘by the Physical Science Study Committee after a
thorough anslysis of the physics being taught in the high
schools during the late 1950's. Included is a textbook,
special laboratory equipmentz and films, The P.S.3.C. 0ob~-

jectives are explained below.

P.5.5.C. Objectives, The Physical Science Study

Committee never formulated 6bjectives for the P.S.5.C.
course besides those of trying to develop a better curricu-

la. The P.3.5.C. objectives will therefore be taken as
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The results of this study were broken down into four
categories, These were: schools with student enrollment
over 800; schéols with enrollment between 306 and 800;
schools with enrollment between 100 and 300; and schools
with enrollment under 100. For this reason, the.random
selection of schools to be visited was also stratified. The
stratification Was basea on the number of students enrolled‘
in eaéh of the above categories.

The data resﬁltiﬁg from thisiinvestigation was analyzed

and presented, utilizing descriptive statistical analyses.

Limitation

It was the purpose of this study to determiﬁe the sta-
tus of physics teaching in the public high schools of Mon-
tana during the 1972-73 school year. In order to completely
understand why students take or do.not'takelhigh schoal phy-
sics or how much knowledge the Studgnts learn about physi@s
‘in a high school class, informati%anhould be gathered from
the high schoél students. This study, however, coﬁcentrated
on teaching objectives and *externar'factors. "External
factors®” included the enroliment in @hysics, teécﬁing as-
signmenfs, teacher preparation in fhysics, and laboratory

and supplemental materials available.
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Definition of Terms

P.5.53.C. Physipé Curricula. A physics curriculum de-

veloped by the'Physical Science Study Committee after a
thorough analysis of the physics being taught in the high
schools during the late 1950's. Included is a textbook,
special laboratory equipment, and'films. The P.S.5.C. ob~ .

jectives are explained below,

P.5.5.C. Objectives. The Physical Science Study .

Committee never formulated objectives for the P.S.S.C.
course besides those of trying to develop a better curricu-

la. The P.S.3.C. objectives will therefore be taken as

those which were developed‘by Trowbridge.11 These objectives

are listed on pages 149, 150 and 157,

"Traditional' Physics Course. The "traditional® physics

curricula is a coﬁposite of high school courses made‘from a
variety  of textbooks, workbooks; laboratories, and supple-
mentéry,materia} usually written during the 1940's or the
earlj'1950's; ‘The "traditional® courée is defined by this

researcher as héving the objectives described next.

11 - :
Leslie W. Trowbridge, "A Comparison of the Objective
and Instructional Materials in Two Types of High School Phy
sics Courses,”" Science Education, 49:117-119, March, 1965.

5]

I
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“"Traditional? Physics Course‘Objectives.. The objec—

tives of the "traditional® physics course are those deter-—

12 These objectives are listed on

mined by "Trowbridge.®
page 149,

Harvard Project Physics. A physics curriculum devel-

oped by a team of physicists and educators at Harvard

University beginning in 1964.

Harvard Project Physics Objectives. The long term

‘'objectives of Harvard Project'Physics”as déscribéd by

Holton13 and Ri).therford.T4

The four main objectives were:

1. to create a coherent, tested course for
use on a national scale alongside the
others that have been developed previously.
This course accentuates those aspects of
physics not prominently incorporated into
high school physics, although they are
widely held desirable.

2. to help stem the decline in proportionate
enrollment in physics at the high school
level ~ a decline which is now reaching
into the college years.

21pi3,, pp. 118-119.

13Gerald Holton, "Project Physics: A Report on Its
Aims and Current Status*, The Physics Teacher, 5:198-211,
May, 1967. N . - : .

14F. James Rutherford, "Flekibility and Variety in
Physics," The Physics Teacher, 5:215-221, May, 1967.

3
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3. to provide teachers with all the necessary
alds for teaching good physics in realistic
classroom situations.

4. the course development requires thinking ]
entirely afresh through quite basic questions .
such as the role of the teacher and his in-
volvement with the class, the new desire to
allow greater diversity and flexibility, and
the new opportunities opened up by the develop-
ing technology of- education.

External PFPactors. The factors that influence the

7

success of a teaching sifuation not related to personality

factors or the teaching methods used by the teacher., Ex-
amples would be: teacher training, classroom size, teacher

assignments, and equipment available.

’

Methods of Teaching., The techhiques and methods used

by the physics teacher to tfénsfer knowledge, attitudes,

appreciations, and/or methods of thinking to the students.

Other Curricula or Approaches. All physics curricula

- excluding P.S.S.C. and.Projéct Physics that have been dével-'

oped since 1957 to be used in high school physics classes.

Science Teaching Assistance Center. This center was

located at Mohtana State University, Bozemén, Montana, The
' center was designed'"to pfovide aid té teachers in theirﬁ _
efforts to improve the teaching of the Earth, Life, and Phy-

sical Sciences in the elementary and secondary schools of
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15 At the center were textbooks, laboratory man-

Montana,
uals, laboratory equipment, and supplementary reading mater-
ials from different science courses and curricula. Univer-

sity staff was also available for consultation.

Organization of the Study

The organization of the‘balance of the dissertation is
‘as follows:

Chapter II gives a historical review of the literature
and presents é.survey of related stuaies.

Chapter III describes the procedures used in conducting
the study, an'éiplanation of the instruments used, and the
methéds used. in analyzing the data.

Chapter IV_presents tﬁe 6bjecfivé data and findings of
this research.project.

Chapter V contains the subjective findings of the re;
searcher concerning the teaching of high school physics in
Montana.

Chapter VI summarizes the main findings, conclusions,

and gives recommendations for further research,

'15Nathaniel Kutzman, "Science Teaching Assistance
Center”, Handout available.at Montana State University,
Bozeman, Montana, 1973.
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CHAPTER II
REVIEW OF RELATED LITERATURE

Historical Background

Before one begins an analysis.of the current state of
physics teaching in Mohtana, a historical perspecti#e is
needed. The following is a brief introduotion‘which dis-
cusses only the highlights in the history of physics teach-
ing in the high schools of America. For a more comprehen-
sive account of the historical basis for physics education,
the reader is referred to the many sources which treat this
area in depth. To mention a few there are: Marshall,1

Fowler,2 Street,3 de Ho_Hurd,4 énd Brandweino5'

1J. Stanley Marshall and Ernest Burkman, Current

Trends in Science Education, The Center for Appiied Research

In Education, Inc., New York, 1966.

2Ho Seymour Fowler, Secondary Science Teaching
Practices, The Center for Applied Research In Education,
Inc., New York, 1964.

3Stewart A, Street, "“Trends in the Physics Curriéulum",
The Physics Teacher, 5:319-321, October, 1967.

4Paul de H. Hurd, "The Case Against High School
Physics®, School 801ence and Mathematlcs, III 439 449,
June, 1953.

5Paul F. Brandwein, Paul E. Blackwood and Fletcher G.
Watson, Teaching High School Science - A’ Book of Methods,
Harcourt, Brace, and Co., New York, 1950,
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In the seventeenth and eighteenth centuries, the scien-
tific awakening which.had been developing for several cen-—

6

turies, reached its climax. It was proposed by some that

the d;scovery of America could be thought of as a major
event in the history of science, and that it helped to has-
ten this awakeninge Until this time, the natgral sciences
were patterned after Aristotle, with the Bible as‘the.source
book of natural history. With the discovery of the New
World, the Book of Nature had to be brought to terms'with
the new discoveries. In this search, the moral significance
of every find had to be interpreted. Thus, an attempt was
made to order and catelogue all previously existing know-
ledge, as well as the new discoveries. |

The universities, at this time, were classicallj
oriented in their courses of study. The science teaohérs,
due to their nonrecognition in the universities, formed

groups called "academies™. The academies served the purpose

of cataloguers of knowledge. Those objects or observations

6Elliot Rowland Downing, Teaching Science In the
Schools, The University of Chicago Press, Chicago, 1925.
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which were inconsistent with the written word were set aside
és curiosities,7 |

With the discovery of the New World, came settlersol In
America they established colonies based on their experiences
in Europe. Universities were soon founded based on the
pattern df,European schools. Only the classiéal_subjects
were taught. This caused maﬁy science academies_to be
founded. These academies offered study in "natural phil~
osophy”, or as it is known today, “physics®.

The single hqusehold in Europe. had alWays been the most
important agency in the transfer of culture. In America,
however, withﬂits wilderness and the westward migration of
each new generation, the total family unit was disrupted;
The colonists, therefore, recognized the need to support
qulic agencies for® education. The New England Puritans
possessed a high’cultural‘level inciuding a Puritan depen~
dence upon the Bible, concentrated setilements, and town

governments., The Puritans transferred the family educational

7Robert J. Oppenheimer, “Some Reflections on Science
and Culture”, Journal of Secondary Education, 41:99-104
41:147-153, March-April, 1966,

8Bernard Boilyn, Education In the‘Forming of American
Society, Vintage Books, New York, 1960, ‘
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ratterns to institutions of learning. In sa doing, they
defined the schools responsibilities in vocational, cultural,
and moral training. This had a profound effect on American
science.9 |

The Puritans derived their ideas from the Bible. They
believed they could know God better by studying nature,1o
In fact, they felt it a duty to study nature. Thus,; re-
search was an important part of their lives and schools.
The Puritan science was not the same as modern scignce,'
Their science was subserViéﬁt to theology. They believed
that through the pursuit of their science, man could have an
experience with the min& of God. The early Puritans be-
lievéd in a God of Wrath. They, therefore, believed they
could not use nature for their own benefit.

During the eighteenth century, the God of Love'concept
gained favor, Cotton Mathef and Newton contributed'greatly
to this change in beliefs. By 1800,'thé God 5f Love was

widely accepted. "Man could now use science to control his

own future. The responsibility for decision was now his

9 R .
David G. Barry, YEarly American Science and thé Roots
of Modern Biology®, American Biology Teacher, 27:600-606,

1965,

Operry Miller, The New England Mind, New York: 1939,
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[ Man no longer held a rigid view of the world, but

own®.
was free to question all procéssesa On the other hand, it
was no longer the responsibility of every person to study
science. By the end of the American Revolution, the strong
influence of science on the public schools and our society
was gone.

During the 19th century, America contributed little to
the field of science, but concentrated on Wrestern‘expans-iona
‘As was mentioned earlier, science was not considered worthy
of study in the universities prior to 1800, - This tradition
was maintained, in spite of the Puritan influence, fdr a
long time. As an indication of the acceptance of scienée
in the universities, one can 1ook at entrance requirements.
In the classical university, a written and readihé knowledge
of Latin and Greek was the only requirement for admittance.
In 18(579 Harvard required geography for admission. Prince-
ton required English grammar in 1819 Yalez geometry in
1856: University of Michigan, United States History in
1870; Harvard, physics in 1872; University of Michigan,

11Melvin Kranzberg, “On ﬁnderstanding Our Time: The
History of Science", Teachers College Record, 64:545-51,
April, 1963, :
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either botany or zoology in 1873. It, therefore, can be
seen that not until the middle of the nineteenth century
did many of the high school and colleges offer science
COUrSES,

During the nineteenth and early twentieth centuries the
methods of teaching physics were continually changing. ‘Five
-distinct periods can be distinguished where different ob-
jectives and methods of instruction were popular.,12 These
periods may be designated as 1) the descriptive period;

2) the period of systematic organization; 3) the period of
principles illustrated with experiments; 4) the college
preparatory period; and 5) the reactionary, or practical

period."

The'descriptive'period ~—~ The early objective in natural

philosophy, as the subject was called in the 1840's, was to
give information regarding physical appliances in everyday
use. During this time, mechanical inventions were revolu-

tionizing the economic and social lives of the people.

Therefore, people became interested in these new machines

and how they worked.

12James T. Robinson, "Philosophical and Historical
Bases of Science Teaching®, Review of Educational Research,
October, 1969,
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Period of systematic organization —- Gradually the subject

matter was systematized. Instead of ah understanding of
commonplace physical appliances, a cemprehension of the
brinciples of science became the chief objective. Instead
of the texts having pictures of machines and engines, the

illustrations became those of laboratory apparatus.

The period of principles, illustrated with ekperiments ——

In the 1880°'s the first book appeared which gave directions
for experiments which could be done in the classroom. Up to
this time, laboratories were not part of the school, and
only research scientists had access to them. The introduc-~
tion of the laboratory method of instruction with special
laboratory apparatus spread rapidly. In 1886, Harvard

College published the Harvard Descriptive List gg Experi-

ments which had a great'influence.13 This list contained
forty experiments which soon became a requirement for ad-

mission to most colleges.

The college preparatory period =—- In the 1890's, the

colleges and universities began to require science -courses

for entrance, and to prescribe the number and type of

1'-j’I\-laLrsheLll,, op. cit., p. 19.
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experiments that must be done by the student for admission.
The problems in the texts became more éxacting and mathe-
matical, Bkill in exact measurements and other manipulatory
processes became desirable ends in themselves. The Confer-—
ence on Physics, Chemistry, and Astronomy reporting to the
Committee of .Ten on Secondary School Studies in 1894 made
recommendations that influence physics teaching even today24
These recommendations included: 1) that physics be pursued
the last year of high school so the student would have as
much mathematical knowledge as possible; 2) that physics be
required for admission to college; 3) that physics bhe taught
by a "combination of laboratory wdrk, the textbook, and
thoroughly didactic instruction®; 4) that the laboratory be
quantitative; and 5) that the teaching should not aim at the
"so-called re-discovery of the laws of physics®™, but the
pupils should "determine whether the'results agree with the
laws, "

In 1899, the Committee on College Entrance Requifements
. of the National Education Association re-enforced these

15

recommendations., These reports standardized the type of

14C.R° Mann, The Teaching of Physics, The Macmillan Co.
New York, 1912, p. 29. '

Yrpid., p. 61.
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physics courses then being taught in high schools throughout

America. To help hasten the standardization even more, the

Topical Syllabus in Physics was published in 1905 by the

16

New York State Department of Education. Shortly afterward

a topical syllabus for physics was issued by the North

Central Association°17
During this period, the objectives of physics teaching

had moved a long way from the interests of the pupils. A

reaction was soon to come. This was the start of the

"practical period®.

The practical period —-- In 1910, a committee of the Central

Association of Science and Mathematics Teachers studied the
fundamental purposes of science teaching in high school°T8
The committee reported that science courses shculd not be

used as a preparation for students to gb on to college, but
should sérve the purpose of introduciﬁg the puéils to "new

interests and appreciations®., They also recommended that

physics be a requirement for all students.

At the same time, the National Education Association

61pia., p. 66.

"1pig,, p. 67.

18de H. Hurd, op. cit., p. 441,
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Committee on the "Reorganization of Science in Secondary
Schools" recommended that science-teaching should be geared
to all students,19 They alsoc said that physioé should place
more emphasis on the commonplace manifestations of science,
with the main stress on the practical. |

These reports allowed steps to be taken to introduce
new methods into physics insfruction. The hobe was to bring
physics back to the realm of practical affairs. Following
the same reasoning process, é number of other reports were
issued recommending that high school.physics he designed for
general education. These included The North Central Asso-
ciation in.1929,2o The National Society for the Stud& of

Education in 1932,21 The National Association for Research

22

in Science Teaching in 1938, The Central Association of

Science and Mathematics Teachers in 1941,23 The American

24

Council of Science Teachers in 1942, The Harvard Committ-

ee in 1945,25 and the Forty—Sixth‘Yearbéok of the National

"91via., p. 442,
201p14,, p. 442.
211pid., p. 442.
22Tpid., p. 443.
231pid., p. 443.
281pid., p. 444.
201pid., p. 444.
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Society for the Sfudy of Education in 1947°26

With all of these reports and studies recommending that
high school physics éourses be closely related to daily
living and concerned with social problems related to physics
- one would conclude that in the 1950's a typical high school
physics course‘would be very different from those of the
1900%'s. This was not necessarily the case, fhere were some .
external forces that hindered this change.

During the first quarter of the twentieth centﬁry,
physics had great changes in its structure with the depart- '
ure from classical physics to that of modern quantum
physics. These changes made science a respected discipline,
and made teaching *science for the scientists® popular,,27

During the 1920's and 30's "workbooks® and “laboratory.
manuals® were developed028 Thesé tended té emphésize the
"cookbook" approach toward physics and standardized the con-

tent to the traditional areas of mechanics, heat, light,

sound, magnetism, and electricity. In 1939, the American

26

27James B. Conant, On Understanding Science, Yale
University Press, New Haven, 1947,

28

Ibid., p. 444.

Trowbridge, op. Cift., p. 30.




. Association of Physics Teachers appointed a committee to
study the teaching of secondary school physics and bring

about better coordination between the natural sciences and

29

mathematics in the schools. They recommended more empha-

sis on everyday applications of the physics® principles in
textbooks. This led to an increase in illustrative material
which was from industrial and household applications. The
traditional areas of study, however, remaiﬁed the same.
Therefore, in the early 1950*'s, it was apparent that

the physics courses taught in most high schocls would have

30

to undergo major changes. An evaluation by Fowler sums up
the situation in the 1950's:

The basic content of high school physics. has
not changed appreciably in the last 60 years, A
student may well be exposed to topics in 1960 sim-
ilar to these his grandfather knew. Perhaps the
examples chosen to illustrate the concepts devel-
oped may be different, but the content would be
very similar. In spite of the fact that the 1900
and 1960 textbooks are similar, the 1960 version
is much thicker, a result of the inability of
authors and curriculuvm-makers to discard anything.
As time passed, more and more current examples
from technology were added to high school physics,
For example, each so-called "new age® contributed

29K°‘Lark-Horavitz, "Physics in the Secondary School",
Review of Scientific Instruments, XIII, April, 1942,
pPp. 137-39.

30

Fowler, op. ¢it., p. 70.
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something to the textbook authors and curriculum-
makers for inclusion in their revisions: The ‘air
age' added the airplane; the ‘atomic age'! added
more about nuclear energy, both for peacetime uses
and for war; the *jet age' added jet propulsion;
and the 'space age' added satellites., Seldom, how-
ever, has any topic been deleted,

The rejection of this type of course by the students
was apparent in the enrollment figures for high school phy-
sics. The national figures for enrollment in high school
31

can be compared below,

Percent of All U,S. High
School Students Enrolled

Year in Physics
1895 22.77 %
1905 15,66
1915 14,23
1928 6.85
1940 5.60
1947 , 5.49

Due to the growing dissatisfaction over the high school
curricula, informal groups of high school and university
teachers began to meet. These groups were established at'
Cawbridge, Massachusetts; Bell Laboratories in New Jersey;
the California Institute of Technology; Cornell University;

and the University of Illinoilis. BSeveral tentative outlines

31.Philip O. Johnson, *The Teaching of Science in Public
High Schools", Bulletin 1950, No.. 9, Federal Security Agency,
Washington, D.C., p. 6. '
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for physics courses were drawn at these meetings.32

In 1956, the Physical Science Study Commission was
formed. Its goal was to review and make recommendations
about the current state of high school physics in the United
States., This commission was funded primarily by the Nafion~
al Science Foundation. It quickly decided that a new phy-
sics curriculum was needed..

In December, 1956, a meeting was held at the Massachu-
setts Institute of Technology for interested educators
across the country to bring togéther ideas about a new phy-
sics curriculum. Most of the people involved in the inform-
al groups mentioned above, attended this meeting. A general
agreement was reached on a broad cutline for the new course,

This was the begimning of P.S5.5,C. Physics.33

The goals of P.S.3.C. Physics have been stated by
Haber«Sohaimﬁ34 _ '

"a) to present physics as a unified, yet living
and ever-changing subject.

325treet, op. cit., p. 320.
331pid., p. 327,

34Url Haber-Schaim, “The P.35.5.C. Course”, Physics
Today, 20:3, March, 1967,.p. 26..
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b) to demonstrate the interplay between exper-
iment and theory in the development of physics.

c) to have the students learn the basic prin-
ciples and laws of physics by interrogating nature
itself, thus learning not only the laws, but also
the evidence for them as well as their limitations.:

d) to extend the student®s ability to read
critically, to reason and +to distinguish between
the essential and the peripheral, thereby improving
his learning skills in general,

e) to provide a sound foundation for those
students who plan to study science at the college
level. :

No behavioral or more detailed goals or objeotives‘were ever
developed.

The immediate reaction to the P.S.5.C. curriculum was
mixed. In almost every issue of any science education mag-

azine, one could find articles both for or against this
35

37

. 136 .
curriculum. Poorman and-Brauer3 were leaders in the oppo-

sition, while Finlay strongly -advocated the use of P.3.5.C.
Soon after these arguments, came research papers on the

achievement of students taking “P.5.S.C." compared to *tra-

35Lawrence G. Poorman, *Indiand Physics Teachers React
to P.S.3.C.%", Science Education, 49:171-2, March, 1965.

36Oscér L. Brauer, “Something Dangerously New In Phy-
sics Teaching®, Science Bducation, 47:365-72, October, 1963,

37D. Finlay, "Summary of Judgements Made By Teachers
About P.S5.5.C. Physics®, Science Teacher, 26:579-81,
December, 1959, . : . ‘
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ditional® physics. Heath,>C Wosik,>? and Hudek,?C are just
a few of the many studies done. When these are viewed
together, several conclusions can be reached:
T, with conventional achievement tests no
difference can be measured.
2. no difference in achievement in college

classes can be determined between students who

took the *traditional® physics or the P.S.5.C.

physics. . :

As a reaction to these findings, the Physical Science
Study Commission argued that their course had different
objectives than the traditional courses. The P.S.S.C.
course tried to teach higher level thought processes as well

41 No research

as teaching a better appreciation of physics.
has yet proved this statement false. This may be due to the

difficulties in constructing propeir measuring instruments.

38Rober't Wa Heath, "Comparison of Achievement In Two
Physics Courses”, Journal of Experimental Education, 32:347-
54, Summer, 1964. .

39John L. Wosik, "A Comparison of Cognitive Performance
of P.5:.5.C, and Non-P.S5.5.C. Physics Students”, Journal of
Research In Science Teaching, 8:85-90, 1971,

40p1bert D. Hudek, “The Relative Effects of P.S.S.C.
Physics and Traditional Physics on Achievement In College
Physics®, (unpublished thesgis, University of South Dakota,
1969)e ) N - ‘

“l4aver-Schain, op. cit., p. 26.
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It was never a stated goal of P.S.S.C. Physics to in-

crease enrollment in high school physics,

42

but educators

hoped this might occur, The percent of enrollment of stu-

hdents in high school physics compared to %

among all twelfth grade students still dro
43

Percent of All U.S. Tot

he enrollment

pped. The follow-

al Number of

Twelfth Grade Stu- Students knrolled
dents knrolled in in Physics

Year Physics

1948 25.8 % 291,000

1954 24,3 303,000

1958 24.6 379,000

1960 21.2 385,000

1964 : 19.6 485,000

This differs from the previously given enrollment fig-

ures on page 31, for this is the percent of twelfth graders

and not of all high school students. This

means that in

1964 less than 20 percent of the students were taking physics

during their high school years., . This is compafed to over

95 percent for biology, and over 40 percent for chemistry.

- It was soon apparent that P,5.5.C. Physics

was very select-

ive, and mainly geared for the coliege bound student.

420134, , p. 27.

43Fletcher G. Watson, “Why Do . We Need
Courses?”, The Physics Teacher, 5:213, May

More Physics
s 1967,
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In 1962, with the support of the Carnegie Cérporation
in New York, Ho;ton, Watson, and Rutherford started working
on a new physics curriculum geared to reverse the trend of
decreasing high school physics enrollment. In 1964, the
project became national in scope, and was funded by fhe
National Sciehce Foundétion and'the United States Office of
Education. The cénter of activity was moved to Harvard

University. This was the start of The Project Physics
44

Course.

The specific goals of The Project Physics Course were
given in their first published resource book:

1. to help students to increase their know-
ledge of the physical world by concentrating on
the ideas that characterize physics as a science
at its best (for example, the conservation laws),
rather than concentrating on isolated bits of
information (such as the lens formule.},

2., to help students see physics as the many-
sided human activity that it really is. This
means presenting the Subject in historical and
cultural perspective, and showing that the ideas
of physics have not only a tradition but methods
of adaption and change. _

3. To increase the opportunity for each stu-
dent to have immediate rewarding experiences in
science while gaining knowledge and skill that
will be useful throughout life,

44Gerald'Holton, F. James Rutherford, and Fletcher G.
Watson, About the Project Physics Course, Holt, Rinehart,
and Winston, Incoz New York, 1971.
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4, to make it possible for teachers to adapt
the physics course to the wide range of interests
and abilities among their students.

5. to recognize the importance of the teacher
in the educational process, and the X%St spectrum
of teaching situations that prevail. '

Specific behavioral objectives were not given for this
curriculum,

Project Physics was not fully developed until around

1970. For this reason, the impact of this curriculum was
only beginning to be felt. Whether it increased the phyéics
enrollmenté in the high schools has not yet been established.

In measuring the achievement of students taking this course,

. the problem of adequate measuring devices .was again encount-

ered. This curriculum, much like P.5.5.C., tried to teach
higher level thought processesg. Testing instruments in
physics have not been developed yet to measure this type of
behavior.

The hope of many physics educators46 4T, 48was that high

451pid., pe 5.

46R°W Detenbeck and P. Di Lavore, "Harvard Project
Physics®, The Physics Teacher, 5:223, May, 1967.

4'7F James Rutherford, “Flex1b111ty and Variety in
Physice®™, The Physics Teacher, 5:215-24, May 1967.

48Ed1tor4al """Need for Multiplicity of Physics Coursesy
The Physics Teacher, 3:371-72, Novembcr, 1965.
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schools, whenever feasible, will develop ﬁore than one track.
of physics. "P.S5.5.C.", "traditional™, or a modification of
either could be used fér fhe\science;ériented college bound
student. *Project Physics® or a-modification could be used
for the majority of other étudents who now seem to elect not
to take physicé.

It would now seem important to determihejwhere we are
in reaching these goals in the high schools; The next
section of this research paper deals with research done in
assessing what type of physics was being taught in the high

schools.

Review of Related Studies

Most of the research to determine the status of physics
teaching in the senior high schools was Qarriéd out before
the development of the new curricula. Many of these studies
served as the bésis for dete;mining'the different approaches
takén by these new progréms. In this review only the studies
most pertinent to Montana will be discussed. There has been,
however, a very limited amount qf research completed fecent—
lyAto determine the new trends in physics education. In
this review, the literature will be organized into four cat-

egories. These are: 1) research done prior to the develop-
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ment of the new curricula, 2) research done since the devel-

opment of the new curricula, 3) criteria for determining the’>

present status of physics teaching in the high schools, and

4) Piaget's Theory of Learning and Related Studies.,

Research done prior to the development of the new curricula,

In 1953, Lefler,49 reported on the current status of
physics teaching in the American high gchools° Both the
outstanding features and problem area were discussed. At-
tention was gi%en to texthooks, workbooks; classroom demon-

strations, laboratory experiments, physics apparatus, audic¢-

“visual aids, library resources, community resources, -and

physical layout of rooms for instruction of high school
physics.
Concerning these areas, Lefler found the following
informations
a) the textbook had changed little since 1856,
except for the addition of modern aspects of physics.
Emphasis was still placed on rote memory, and even

then it was very difficult to cover all the material
in the text.

49R W, Lefler, "Trends in High School Physics,”
National Association.of Spcondary~School Prlncnpals,_
January, 1953, pP. [4~03.

I
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b) the workbook which possessed blanks to be
filled in by locating appropriate phrases in the
text was used frequently. The author did indicate
that leading educators were questioning this
practice,

c) the teacher demonstration in place of in-
dividual laboratories for pupils was also a fre-~
quently used technique., The reasons given for
1ts use were lack of enough time, lack of enough
equipment, and observation of skilled persons doing
experlments°

4d) laboratories were used in addition to the
teacher demonstration. In most cases workbooks
went with the laboratories. For this reason, many
experiments had a *“cookbook® nature to them.

e) high school physics equipment was in need
then. It was estimated that to have the proper
equipment for a class of twenty-four pupils, an
inventory of $3,200 of apparatus was needed. Many
schoels did not have this much equipment.

f) the potential of audio~visual aids was just
being realized. PFilm loops and transparencies were
just being developed. Films were in use, but not
to any great extent.

g) the use of library materials was not ex-
tensive. '

h) recently the use of community resources in
the physics classes was given greater emphasis.

i) most new physics classrooms contained room
for both class and laboratory activities. Many
older schools had separate classrooms and labor-
atories, but this was no longex popular,

i) the staffing of physics classrooms with
adequately prepared teachers was a grave problem.
Even with the minimum of twenty semester hours in
physics for a physics teacher, most schools did
not meet this recommendation. To improve this
situation, in-service training and *'workshops®
were being established to upgrade teacher prepar-
ation.

During the 1958-59 school year two studies were done

involving the status of physics education in the Montana
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high séhools° Orlich appraised the methods of teaching

science in the high schools of Montana during the 1958-59
school year. By means of a questionnaire, he obtained in-
formation about the science program in six areas. These
were: 1) administrative factors, 2) methods and procedures
of the science teachers, 3) audio=-visual aids, 4) library
and related facilities, 5) testing and evaluation, . and 6)
recommendations of the Montana senior high school science
teachers. In each of these areas the responses were anal-
yzed and recommendations made. Several of the more signi-
ficant generalizations cited were these:
1. the teachers had to teach too many diff-
‘erent classes.,
' 2. at many schools the laboratory was seldom.
used or not used at all due to lack of equipment,
3. audio-visual aids were used in-frequently.
4, the libraries were inadequately stocked in
at least one-third of the schools.
5. there was a need to offer different levels
of science, especially in the physical sciences

in order to satisfy the different types of students
wanting to_enroll in these courses.

51

Gebhart's study complemented Orlich's findings by

50Donald C. Orlich, "An Appraisal of the Methods of
Teaching Science In the Senior High Schools of Montana,®
(unpublished Master's thesis, Unlver51ty of Utah, Salt
Lake City, 1959).

51James W. Gebhart, "The Teaéhing of Science in the
Secondary Schools of Montana®, (unpublished Doctorate thesis
Ohio State University, 1960).
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placing emphasis on statistical data such as school size,
sciences taught, enrollments, teaching assignments, degrees
held by teachers, salaries, and years of service. - This data
was primarily obtained from the State Department of Public
Instructioh, and individual teachers' college transcripts.,
Comparisohs were'fhen made with similar studies in Ohio and
Wisconsin.

Gebhart concluded that the percent of students enrolled
in high school physics in Montana did not differ greatly
from the nation as a whole. He noted, however, that the
preparation of the high school physics teachers in Montana
was qot sufficient. The mean number of guarter hours of
physics taken by the high school physics teachers of Montana
was 10.17. This was compared to a mean of 20.2 quarter hours
in Wisconsin, and a median of 16-20 guarter hours in Ohio.

| The reason for‘fhis problem was credited to the pro-
liferation of small schools in Montana and the low saléry
paid to secondary school teachers. It was found thaf 75
percent of Montana's secondary schools had fewer than 300
pupils, and 93 percent enrolled fewer than 500 pupils. A
teacher in a small school was paid a low salary (méan of
$4924 per year) due to the district’s_small tax base. The

teachers in the small schools also had to teach many differ-
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ent subjects. Only four teachers‘in the state of Montana -
taught physics exclusively. The most popular areas to be
taught outside of physics were the other science and mathe-
matics. On the whole, it was dibscovered that the average
physics teachef was better prepared to teach in outside
areas (mean quérter hours in éhemistry of 18?4, in biology
of 27.0).

This trend was also found in Ohio and Wisconsin, but
not to the same extent it was in Montana, In Wiscoﬁsin, the
physics teacher was better prepared in phyéibs than biology,
(a mean of 20.2 guarter hours in physics compared.to a mean
of 19.0 guarter hours in biology) and a little better pre-~
pared in chemistry where the mean was 23,8 quarter hours.

In Ohio, the physics teacher was better prepared in both
biology and chemistry compared to thsics (2 median of 26-
30 for both areas, compared to a median of 16-20 in physics).

To improve these conditions Gebhart made the following -
recﬁmmeﬁdations:

1. consolidate schools into fewer, larger
districts,

2, establish a national curriculum center.

3¢ require five year training for science
teachers.

4, improve summer programsu

5. reorganize high school science currlculum

into two broad areas of physical science and
biological science.
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Research done on the status of high school physics since the

development of the new curricula.

Several surveys of high school physics héve been made
in the United States since the development of the new curri-
cula., Most of these studies concentrated on certain aspects
of the high school ﬁhysios program, and thus failed to give
a total picture of the status of high schdol physics in the
state that was studied. ‘ |

During the spring of 1970, Hale and Smith’> conducted
a survey of the high school phyéics progrems in Wisconsin.
In fhis study, they concerned themselves.wiéh physics texts
used, tests administered, enrollment trends, grading prac-
tices and teacher-time allocation. They found that Modern
Physics by Dull et. al. was used by 58.3 percent of the
teachers in Wiscdnsin, while 21,1 percent used P.S5.5.C.

Physics. Project Physics was listed down the iist along

with other less used textbooks, with only 3.9 percent using
it,
The teachers were then asked about their own physics -

class enrollment trends. These answers were correlated with

>%Henry E. Hale IV, and John R. Smith, "Trends in High
School Physics -~ A Survey In Wisconsin®, The.Science
Teacher, Febraury, 1971, pp. 33-34.
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the textbook used by the teacher. It was found that those

classes where Project. Physics was used indicated an increase

in enrollment in 37.5 bercent of the cases; while 40 percent
showed no change. This can be compared to the mean response
in which only é6¢4 bercent of the teachers indicated an
increase in enrollment. A question was'raised by the in-~

vestigators, however, concerning the validity of the small

'sample of teachers using Project Physics that responded to

the questionnaire.

It was found that final examinations and chapter tests
were used as the main determining‘factdr for gfadeso Féllow-
ing %n importance were laboratory notebooks and homework.
Very little self evaluation was indicated. Author-prepared
tesﬁsiﬁere used by 60 percent of the responding teachers.,

In P.S.S.C. Physics, this figure went up to 79 percent.

As far as what activities the high school physics
student actually partioipated in, the teachers respondedvas
follows: 44 percent of the time was spent in claés lecture,
discussion, demonstration observation, testing, or other
teacher~centered activities; 29 percént in problem solving
and 27 percent in laboratory activities@l Little time was

spent in topics chosen by the students.

A study on secondary scilence curriculum trends in Iowa
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was done by Tweeten and gggg£¢53 Part of their study was
concerned with the high school physicé in Towa. The data
was collected from data sheets filled out annually by all
Iowa public échool teachers for the Iowa Department of Pub-
lic Instruction. A comparison was made between the results
of the 1958-59 school year to that of the 1964-65 school
year. The following conclusions were drawn: l

1. general science is on the decline as
shown by the number of schools offering it and
the number of students enrolled. 4

2. physical science 1s on the increase as
shown by the number of schools offering it.and
the number of students enrolled.

3. physics is the only basic science with
an actual decrease in the number of students
enrolled, This is in spite of an overall in-
crease in the number of high school students.

4, physics teachers on the whole, have the
poorest background in college physics courses
when compared to all other science teachers, and
their college preparation in the courses they teach.

5. the science curriculum has begun to change
at a faster rate than years past. WNore experimen-
tation with science offerings is taking place in
Iowa.

A third study on the state level was conducted by Van

54

Koevering in Michigan. This paper concentrated totally on

_ 53Pau1 W, Tweenten, and Robert E, Yoger, "Science Curr-
iculum Trends in Towa", School Science and Mathematics,
67:32-36, January, 1967..

%thomas E. Van Koevering, "High ‘School Physics and
Chemistry Enrollments in Michigan’, School Science and
Mathematics, 72:379-83, May, 1972, pp. 379=~3863,
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enrollment stafistics. Altogether data from 308 schools
from a sample of 372 schools was reported. Figures fér
enrollments in high school physics in Michigén were given
for the class A, B, C, and D high schools, The table which

follows gives the data that Van Koevering found.

A TABLE I
HIGH SCHOOL PHYSICS ENROLLMENT IN MICHIGAN IN 1968

High No. of Mean Percent Median Standard

School Schools _ of Seniors Percent Deviation
of Sen.

Class A 77 15.8% 12.9% 12.7%

Class B 97 15.4 13.3 9.4

Class C 81 20,2 16.5 14.4

Class D 53 : 24,4 22,2 13.7

The last study done on a state level to be discussed
55

was done by Elliott, Elliott conducted a guestionnaire
research project in 1968 among California's high school
teachers and students. The students were divided into those
taking, and those not taking a physics course. In this

study, he asked the teachers to evaluate themselves as

teachers, and the physics courses they were teaching. He

SDWalter B. Elliott, "Perceptions of High School
. Physics and Physics Teachlng," The Physics Teacher,
9:33-38, January, 1071 . ,
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then asked the students taking the physics course to answer
the same questions about the course and the teacher. The
results were compared. The students not taking physicé com-
pleted questions pertaining to why thej did not take the
course. Based on the answers received, Elliott made several
recommendations for improving the physics program:

1. for larger schools to offer a variety
of physics courses for a broader spectrum of
students. ,

2. for smaller schools to offer a course _
designed to meet a broader spectrum of students,
interests, abilities, and needs. '

3« course prerequisites for physics should
be reconsidered.

4. schools should consider integrated science
courses as a means of exposing students to the
concepts of physics.

5. physics teachers should strive for light-
er teaching loads to allow for more preparation
time.

In addition to the five studies mentioned previously on
the state level, sevefal national studies on high school
physics have been undertaken. A national:study of enroll-
ments in high school physics.during the 1964—65‘school year

was made by Watson,56

The data for these comparisons was
collected by the U.S. Office of Education. In this study,

he reported that 19.6 percent of the high school seniors had

56Fletcher G. Watson, "Why Do We Need More Physics
Courses?" The Physics Teacher, 5:212-14, May, 1967.




| 9 R T S 1 L.

49
taken physicé in 1965, down from 24.6 percent in 1958°
Watson blamed this enrollment drop on not having physics
courses designed for the majority of the students., It was
reported that Harvard Project Pﬂysics was one attempt to

fill this void?

gpomgson57 learned that specific topics'were taught in
a typical high school physics class. Thompson needed this
information to determine what changes ﬁefe needed in the
College Entrance Examination Boar@’s achievement tests for
college admission to make them concur with the present phy-
sics currioulum in the secondary.schools.

A guestion might be raised céncerning the validity of
the results of Thompson's study.which was supposed to repre—
sent the whole nation. This was due to how the sample was
drawn. The sample was stratified into geographical regions.
The number of questionnaires to be sent into each region
Was based on that region's use of their aohieﬁement tests.
This meant that over 60 percent of the respondents came from

New England. However, some of the data was broken down into

the geographicél regions from which they were obtained. For

57Raymond-E. Thompson, A Survey of the Teaching of
Physics in Secondary Schools, Educational Testing Service,
Princeton, New Jersey, 1969. '
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this reason, this study was still useful as a comparison.

Modern Physics by Dull, et, al,, was found to be used

by forty-two percént of.the seniors taking physics in the

United States. P,S5.3.C. Physics was used by twenty-eight

percent of the seﬁiors° Harvard Project Physics had just
come oﬁt at the time of the study, so the percentage of
students using this curriculum was only one percent.

The topics or areas of physics Thompson found taught in
P.S.5.C, and non-P.3.5.C, classes were listed. It was dis-
covered that many of the topics taught in these two courses
were dl'j.fferen.t.o It was concluded by Thompson that the two

| courses emphasized different objectives.

In 196970, the‘National Assessment of Educational
ggpgre5558 (N.A.E.P.) conducted a study designed to measure
educatiohal progress in science across the country. A
science tést.was given during the 1969-70 schobl year to
88,000 randomly selected individuals in the United States.
Approximately one~fourth of the people were in the four aée
groups of nine, thirteen, seventeen year olds, and adults.

No individual resulis were given. The statistics were

>¢ s “Science and Writing Assessment -~ Facts and
Pigures®, National Assessment of Educational Progress,
4: No..3:1-~4, May-Jdune, 1977,
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broken down into age category, geographical regions of the

United States, and size of community.

59

The objectives of the science test were stated as

follows:

1. know fundamental facts and principles
of science.
2. possess the abilities and skills needed
to engage in the process of science.
3. understand the investigative nature of
scilence.
4, have attitudes about and appreciations
of scientists, science, and the consequences
of science that stem from adequate understandings.

IonaGO raised the question, after reviewing the test,
whether more than the first cbjective was really assessed.
He further claimed that most exercises were based on memor-
ization rather than experience.

Soon after the 1969 assessment of Science, an extensive
61 This resulted in

two major changes. The first change was the alteration of

the structure of presentation in order to obtain a more

°%Ibid., p. 2.

. 60Maria Iona, "Physics Teaching and the National
Assessment of Educational Progress®, The Physics Teacher,
November, 1970, pp. 445448, .

- 61 , Sclence Educators, "Consultants Revise
Science Objectives”, N.AE.P, Newsletter, Vol. 3:5-~6,
l\lllay, 1 9720
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accurate assessment of the objectives., In addition, the
objectives were stated behaviorally, .Eaéh of the previously
stgted objectives were broken down into-more than forty-five
descriptions of behaviors that each age level must meet to
complete the objective? |

‘The second science assessment tests were given62
between October, 1972, and dJuly, 1973. A comparison of the
results éf this test with that of the 1969 test should in-
dicate whether citizens in the United States have more knowm
ledge, skills and attitudes toward science now than they did
in 1969, (the date of the first assessmérlt)o

Because the 1973 data was not yet available, and the
1969 data was of questionable value except for the first
objective, this work was not used to any great degree in
this paper. |

The last, and probably mést significant recent study4on
current practices in fhe high schools was done in the North-

eastern states during the 1971-72 school yeare63 In this

62 » Second Round for Science Assessment™,
N.A.E.P, Newsletter, V:6:4, October, 1972,

»] .
6JGeorge Ivany, Richard Mullaney, Douglas Huegal,
Russell Faust, and A.A. Strassenburg, High School Physics
Teaching: A Report on Current Practices, Amerlcan Institute
of Physics, New Yorl, 1Y72.
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study, 107 high schools were randomly selected from the

eleven Northeastern States. From the number, 42 partici-
pated in the study.. The schools were ciassified as being
urban, suburban, rurai, or small.citye Out of the 42
schools, six were urban, é2 were suburban, eight were rural,
and six were small city. These schools were,visited for up
to a week by the researchers. During these visits exteﬁsive
data was collected on both the "external factors™ and the
teachers!, students', and‘administrations’ attitudes toward
physics. |

The most popular curriculum in use was found to be the

“"traditional®, with Modern Physics by Williams, Metcalf, et.
al., the most popular text. The second most popular curri-
culs was "P.S.S.C." followed by."Projecﬁ Physics®,
Enrollment of 12th grade stﬁdents in physics varied
according to classification of school. Among the urbaﬁ
schools 12.0 percent ofvthe 12th grade students took physics.
In small city schools 13.5 percent took physics, while 18,8
percent of the rural 12th graders studied physics. In sub-
urban schools 23.4 percent, or the iargest percentagé, took
physics. This meant .that for the entire sample, 20.9 per-
cent of the senidrs studied physics. ’ |

The authors reported that enrollment went up only one
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percent over the previous year., This gain was made in

schools just changing to the Projéot Physics curriculun.

Schools that used this curriculum for more than one year,
éhowed no growth in the number of students.

Out of the 42 schools visited, the researchers collect-
ed data from 32 teachers on the number of semester hours
they had completed in the various sciences. They found the
teachers averaged 41.7 hours in physics, 23.4 hours in
mathematics, 18.9 hours in chemistry and 10.2 hours in biol-
0lgye.

Another aspect of the study was to ask the teachers six
questions dealing with their philosophy of physics teaching.
These questioﬁs gave an indication of the teachers® objec-
tives, The first question asked the teachers concerned
changes in students' attitudes toward studying physics., Of
the forty-two teachers asked, twenty-seven felt the students
attitudes were changing. Fourteen félt the attitudes were
beccming more positive, while the rest felt that the stu-
dents were turning away from physics.

The seoond.question asked was which type of physics
curricula, (none, applied, traditional, experimental, or
culturalmhiétorical), was.best for each of the following

specific student groups: science, arts, technical, terminal.
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By far the greatest number of teachers (22) felt an experi-
mental physics course was best for the science student. For
the art student the same overwhelming number (22) felt a .

cultural-historical physics course was best. A cultural-

-

historical course was felt best (19) for the technical stu-~
dent, and only seven teachers felt an applied‘course should
be implemented for this type of student. Finally, for the
terminal student there was mixed reaction. AFourteen teach-
ers felt a cultural-historical course.Was best, while eleven
favored no physics course at all.

Question three listed eight objectives and had the
teachers list them in the order they stfiVe~toAreaoh thém.
The following list is the rank order the objectiveé weré
‘listed in by the composite of teéchers;

1. A verbal and mathematical understanding
of the topics covered in physics.
2. Knowledge of the methods physicists use
to discover and validate knowledge in physics.
3. Ability to use some general technigues
of data analysis such as: consideration of errors,
numerical statistics and graphical display. :
4, Increased interest in physics as evidenced
by outside reading and discussion about topics
_in physics. ' :
5. Skills derived from laboratory manipula-
tion of common physics apparatus.
6. Possession of knowledge about important
facts, laws, and theories of physics.
7. Knowledge of the cultural and historical
aspects of physics.
" 8. Increased understanding and approval of the
role of the scientist in our culture. :
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Question four tried to have the teachers classify the
classroom organizatiop and the teacher-student relationship.
The majority of the teachers (28) picked the category ‘ra-
tionally prescribed“ which is-defined as, "behavior is.just—
ified by some underétdod, logical, enlighténed systems
authority and standgrds function for the teacher and the
student through the‘control of the logical system.”

Question five determined the teachers’ attitudes on the
role of fhe laboratory. Twenty~ﬁwo of the teachers felt the

proper role of the laborafory was primarily to demonstrate

concepts, laws, etc. Eight teachers believed in open-ended

labo;atory investigations. Thirty-one teéchers reguired a
written lab report, and twenty-seven of these had a special
laboratory report format.

The last question asked the teacher to list in order of
difficulty the constraints imposed, which prevented or hin-
dered effective teaching. In order of popularity the four
responses that received ﬁdre than ten responses were Space
(19), Schedule (18), Budget (14), and Administrative Policy
(12). | |

In addition to the above aspects of the study,; other
information was collected. This included a complete.listing

of egquipment aveailable, a defailed questionnaire given to
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the physics students, followed up by an interview with a
randomly selected number of students. Finally, a detailed
breakdown was made on what the physics teacher\did in the

classroom.

Criteria for determining the present state of physics

teaching in the high schools,

The studies in this section were useé¢ as a basis for
determining what conditions are necessary for good physiés
teaching in the high schools. In an analysis of these
studies, three problem areas wefe often repeated. These
areas are as follows:

1. The professional status and continuing education

of the high school physics teacher.

2. The facilities necessary for effective high school

physics teaching.

3. The decision of who should take high school

physics,

The first‘four studies reported were conducted by
groups or committees on a national or international scope.
They were iﬁcluded in this review to insure a'thorough

énalysis of previous studies of high school physics programs.
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The Eurgpean Economic Cooperation Report64 analyzed the

current status of physics education in Europe in 1960 and
made recommendations for improving the situation. This
committee found the main defect in European secondary phy-
sics was the small enrdllmento Only the vefy best students
took physics. To try and correct this, a physics course for
general education was recommended. The main differences in
this course were:
1. to relate physics to other sciences and
to the environment whenever possible.
2., to be more practical and less abstract.
3. to not teach mechanics at the start of.
course, but start with atomic physics. Intro-
duce mechanics only when needed.
4., laboratories should be included, but
hot all at once. Introduce them progressively.
5. try to avoid mathematics, but when needed;
actually teach them the mathematics they can see
use for,
6. on exams do not emphasize numerical ex-—
ercises,
The committee felt the major hurdle in implementing these
recommendations would be the lack of well-trained teachers
in physics., Most teachers did not have enough physics back-

ground.,

In July 1960, more than one hundred delegates from

64European Economic Cooperation; Physics Today,
14:31-38, January, 1961,
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65

twenty-nine nations met at The Paris Conference, to dis—

cuss problems in physics edﬁcation. As a result of this
conference, three recommendations were made pertaining to
high school physics'being taught throughout the world.
These were:

1. in secondary schools, physics should be
taught by a person who has had professional train-
ing in physics. Teachers must be encouraged to
keep their professional experience up to date.

The experimental nature of physics places an added
burden on the teacher and this must be recognized
and adequately compensated by a reduction of
teacher hours and in other suitable ways.

2, improvement of salary and status are
necessary, but most important are better conditions
of work. Apparatus, better facilities and, when
needed, techunical assistance should be ea81ly
‘avallablem

3. wniversities should accept the responsibil-
ity to establish close relations with secondary-
schools and prov1de refresher courses These
courses would require extended perlods of study-
leave for teachers.

The U.S., 0ffice of Education conducted a study in 1967
headed by Eggers66 on the teaching of science in the public

junior high schools. This study used a guestionnaire which

65Parlo Conference, “Phys1cs Education,’ Physics
Todavg 14:28-30, January,.1961. .

66Lola E. Rogers, Science Teaching In the Public
Junior High Schools, (Washington, 1D.C.: U.s. Office of
Education, 1967), Catalog No. 5.229:29067.
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was sent to a random group of junior high schools throughoﬁt
the United States, Even though this study was done on the
junior high school level, a number of interesting ideas and
methods of approach were revealed. Five areas of investi-
gation were chosen. These were: 1)1enrollment and organi-
zation of the schools; 2) enrollment and organization of the
sciences, 3) instructional resources for science, 4) funds
for science, and 5) science clubs and fairs. As a result of
the findings,; Rogers made several recommendations:
1. to provide in-service training for the
teachers,
2. to have a science consultant in many
schools. ‘
3. to use the laboratory more extensively.
4. to use newer. textbooks.

5. to provide access for more students to
science fairs and clubs. '

67

The National Academy of SciehCes, in 1969, appointed a

committee to survey the entire United States' physics enter-
prise. The committee's report was released in July, 1972.
This survey was broken.down into fourteen areas. These
were: 1) origin, objectives and organization, 2) recommen—
dations, 3) the nature of physics, 4) the subfields of phy-

sics, 5) pfiorities and program emphasis in physics, 6) the

67])° Allan Bromley, *“Physics in Pefspective,“ Physics
Today, 25:7:23-35, July, 1972. o
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consequences of deteriorating support, 7) physics and U.S,.
society, 8) international aspects of physics, 9) the insti-
tutions of physics, 10) the support of U.S. physics, 11)
physics in education aﬁd education in‘physics,h12) manpower
in physics, 13) dissemination in physics, and 14) policy
considerationsé Only area eleven dealt with education; and
most of this effort, according to Bromley,68 dealt with
undergraduate and graduate physics programs. Very little
time was spent dealing with the problems of high school
physics or in the preparation of high school physics teach~
ers, |

‘The committee found that the enrollment in high scho&l
physics had been decreasing percentage-wise ever sihce 1948.
This occurred even in the early 1960°'s when Spuinik created
such an interest in physics and engineering. It was report-
ed that one reason for this decline was. the lack of *"good*
teachers, In the 13960°'s meny of‘the well~trained teacheré
found more attractive employment cutside the high school |
classroom, Hopefully, the committee concludeég this pattern

was reversing itself with the oversupply of physicists.

Several studies on high school physics teaching which

68'.—-‘[35@@’ p@29«a
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were of interest to this research have been done by indivi-

69

dual researchers. In a study done by Trowbridge,” a list of

seventy—two long raﬁge objectives fpr a high school physics
clasé were compiled. These were obtained by consulting with
teachers, authors of téxtbooks, and members of the Physical
Science Study Committee. These objectives were then sub-
mitted to 200 classroom_teéchers to allow them to pick the
objectives they felt were more impdrfants It was found that
sixteen of fhe objectives were unique to Pﬁ'SsSeC° teachers,
(listed on page 149 ), seventeen were unique to “traditional®
objectives. Trowbridge concluded that these responses diff;
ered significantly, and that this was one method of measur-

ing the differences in the two programs.

10,571

Kruglak'®s study consisted of administering the

Dunmning Physics Test, Form BM, to all entering freshmen at

69Leslie W. Trowbridge, "A Comparison of the Objectives
and Instructional Materials In Two Types of High School
Physics Courses®™, Science Educstion, 49:117-122, March, 1965,

70Haym Kruglak, "Pre- and Post-Sputnik Physics Back~
ground of College Freshmen®, Journal of Research in 3cience

Teaching, 6:42-43, .1969,

71Haym Kruglak, "Pre- and Post-Sputnik Physics Back-
ground of College Freshmen -~ II%¥, Journal of Research in
Science Teaching, 7:41-42, 1970,
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Western Michigan University in 1958, 1963, and 1968, From
the results of this test, a comparison was made with the
physics background of college freshmen, pre-Sputnik to post-
Sputnik.

The Dunning Physics Test was a standardized test with
75 multiple choice ifems,. It tests the objectives and sub-
ject matter which existed before the curricular reforms of
the 1950°%s. Tﬂere were four subgroups of the test: 1)
factual information, 2) understanding concepts, 3) applying
principles, and 4) using mathematics. |

Kruglak concluded from his ihvestigation that:

1. there was no significant difference in
‘the mean scores of girls in 1958, 1963, and 1968,

2. the mean score of the boys in 1963 was
higher than those of 1958 and 1968. There was no
difgerence between the mean scores of 1958 and
1968.

3« the male achievement was higher all three
years than the female . achievement,

4. school size, method of instruction (tradi-
tional vs P.S»S.C.ﬁ, and students' rating of their
physics teacher seemed to have no effect on the
physics scores of entering freshmen.

5. the percentage of freshmen entering school
with high school physics increased significantly
between 1958 and 1963, but then decreased bhetween
1963 and 1968. These trends were independent of
school size. Female percentages remained fairly
constant, while male enrollments changed.

A chapter devoted to the current trends in high school
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physics was included in a book written by Marshall and

72

Burkman in 1966, This chapter devoted itself almost en-

tirely to giving a historical perspective on the development
of P.5.5.C, physics. In the course of doing.their study, an
overview of the typicai "traditional® syllabus and the new
syllabus of PqSeséc,'phyéics was givén° The magin differences
noted by Marshall and Burkman were: | |

1. P.S.3.Cc covers less material, but goes
into these areas in more depth.’
2. P.5.3.C. develops physical models and
uses them much as scientists do,
3. P.3:.5.C. physics is unified and an inter-
connected story.
4, P.3.5.C. places less emphasis on applica~- -
tions.
5. PeBeD.C. integrates the laboratory more
closely with the rest of the course.
" 6, P.S5.5.C. provides a more diverse amount
of teaching materials.,

Existing problems were raised at the end of the chapter,

The question of enrollment and theAseledtivity of P.3.5.C,

Physics was discussed. 'The concern over the proper grade
level for physics, as well as the development of a two-year
coordinated physics~chemistry course, seemed to.indicate |
that a solution to this problem Was.being'sought by many

teachers. In addition, the new elementary sclience curricula

/ZJQ Stanley Marshall, and Ernest Burkmen, Current
Trends in Science Education, The Center for Applied Research
In Education, Inc., New York, 1966,
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were mentioned to point out that in some schools physics was
being taught'at the elementary level.'
.Finally, several checklists or listings of conditions
necessary for good physics teaching were prepared, A check~
list to be used in evaluating a sciénce program has been

prepared by'the U.S. Office Qi E&uoation,73 This cheéklist

was developed to be used by school districts to evaluate
their science program at all grade levels., A bfoad parti-
cipation of teachers, principals, and superintendents was
encouraged to obtain the most satisfactory results. Areas
of exploration included planning, goals, curriculum, evalu-

ation, staff, administration, finances, and facilities.

\

The Natlonal Science Teacher's Assogiation74 has pro-

duced a self«inventory'for-science teachers to nelp them
"Jjudge fér themselves the extent they meet reasonable pro-
fessional standards". The questionnaire folloWed the format
of the recommendations of the 1968 Commission Oh»Professionu

al Standards and Practices of the National Science Teacher's

f3U S, Office of Education, *Suggested Checklist for
Assessing a Science Program,* Governmtnt Printing Office
Document OE~-29034A, 1864.

T4National Science Teacher's Association, "The National
Science Teacher's Association Annual Self-Inventory for
Science Teachers®, The Science Teacher, September, 1970,
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Association. The questions reflected the 65 conditions for
effective sciehce teaching developed by this commission.
(;isted in Appendix H, page 269 ). They believed that the
professional sciénce teacher: .

1. is well educated in science and the
liberal arts.

2. possesses a functional philosophy of
education and the technical skills of teaching,

3. continues to grow in knowledge and sklll
throughout his career.

4, insists on a sound educational environ-
ment in which to work.

5. maintains his professional status.

6. contributes to the improvement of
science teaching,

7. takes a vital interest in the quality
of future science teachers.

75

"In Montana,; A Study Guide For Physics was developed

in 1961, by the Montana Science Curriculum Committee, This
guide listed the physics topics necessary fo cover a minimum
high school physics course. It also contained additional
subject matter which could be used as supplemental material,
In an appendix.to the guide there were listed films and
reference sources that could be used by the high school phy-

sics teacher.

The Commission on Professional Standards and Practices

/5Montana Science Curriculum Committee, The Study Guide
in Science, State Superintendent of Public Instr., 1961.
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was established in 1968 by The National Science Teacher's

Associationz6 This commission, in 1970, published a list

of 65 conditioné (listed in Appendix H, page269 ), they felt
were necessary for effective science teachiﬁg to occur,

This list was broken down into three sections: 1) Resources
fo Learning, 2) Conditions for Instruction, and 3) Profess-
ional Growth.

This list was very comprehensive, and served as an im-
portant document in determining the criteria for good sci-
erice teaching. The Commissibn77 did point out,‘however,
that it was not bossible to specify how to insure good scie
ence teaching, but that the conditions listed in this docu-—

ment generally contributed to effective science teaching;

Piaget's Theory of Learning and Related Studies,

78

Piaget's theory of learhing deals with the psycholog~

ical development of children. His work has recently been

7€bommission on Professional Standards and Practices,

Conditions for Good Science Teaching in Secondary Schools,
National Science Teacher®s Associlation, Washington, 1970.

TTrpia., p. 1.

78Jean Piaget, The Child's Conception of Physical
Curiogity, Littlefield, Adams, Patterson, New York.
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recognized as having important consequences to physics ed-
ucationo79

Piaget divided a child's mental development intoe four
stages. The first stage occurred during infancy and Was
called the "'sensory motor, preverbal® stage. At this time
the child eétablished by a combinatién of visual and kines-
thetic explorations, simple spatial relafions, and the per-
manent existence of objects.

The second stage Piaget called "pre-operational.®
During this stage, the present appeafance of objects éan be
described by the child, but any changes of the objects can
not be comprehended.

‘In the third stage or “conorete operations* . stage, the
child is able to reason by using operations such as classi-
fication, serial ordering, and time sequencing on objects,
He is not yef able to verbally express.such opérationée

The *formal operation®” is the fourth stage, and when
this stage is reached, the'individual can‘reason about the
relationships and implicatioﬁs of a hypotheses as well as an
actual physical operation.

Piaget hypothesized that a person must pass through

~ 79Jean Piaget, “Physical World of the Child", Physics
Today, 25:6:23-27, June, 1972, .
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each stage before the next stage can be reached. It is-
apparent that for high school physics instruction $o be
succeésful, as presently taught, all the sfudents need to be
in the last stage. Most of the hationally popular curricula
have not considered the possibility that some students have

not reached th% “formal operation" stage,8o

Tisher81 tested a guestionnaire he deveioped to deter-
mine the Piagetian stage of development fof a secoﬁdary
school student. He compared the results of the quesfione
naire with those bbtained in an intérview test with the same
students., He found a 77 percent agreement between the.twb
methods{ | ' ”

Table II on page 70, shows the distribution of pupils
age, and stage of developmént. The largest number of.sfu-
dents were still in concrete opefations.‘ Also, the‘older' .
the age group, more students in the formal oﬁerétional stage '

of development.

8OJ.W. Renner, and A.E. Lawson, "Piagétian“Théory and
Instruction in Physics*, The Physics Teacher, 11:165-169,
March, 1973. Coe : . '

81R.P. Tisher; "A Piagetian Questionnaire Applied to
Pupils in a Secondary School®, Child Development, 42:1633-6,
November, 1971. o
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TABLE IT
DISTRIBUTION OF PUPILS® AGES AND STAGES OF DEVELOPMENT

Stage of - Age (in years)

Development 12,0-13.4 13.5~14.9 15.0-~16.4 Total
Concrete T4 71 21 166
Formal 7 41 18 66
Total - 81 112 ' 39 232 .

Renner and Stafford82 conducted a study in 1971 to

determine the Piagetian intellectual level of the students
of Oklahoma's secondary schools (grades 7-12). They select-
ed six tasks Suggested by Pisget and Inhelder83 for deter-
mining the level of the students. A total of 588 students
were interviewed. To arrive at this'sample, the state of
Oklahoma was divided into various sections based upon the
%ype of activity, (agriculture, mining, indusﬁrial, etc.),
the citizehs used to support themselves and the~concentra—
tions of population (rural-—urbén-ghetto)° Schools were

then randomly éelected from the sections, and students wefe

82J@W0 Renner and D.G. Stafford, Teachiﬁg Science In
the Secondary School, Harper & Row, New York, 1972, pp..
291300,

83Jean Piaget and Barbel Inhelder, The Psychology of
the Child, Basic Books, New York, 1969, p. 99.
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randomly selected from the schools.

The results of this study are shown in Table III. This
table‘compares the grade level of fhe studeﬁfs and'fhe
classification of intellectual level. The authors have de-
fined in this study, the post-concrete operaticnal stage as
a transitional stage between concrete and formal operational

stages.

TABLE III
DISTRIBUTION OF PUPILS' GRADES AND STAGES OF DEVELOPMENT

Grade
Level Pre~operational Concrete Post Concrete TFormal
7 5 75 13 3
8 3 81 18 6
9 4 74 7 9
10 4 65. 15 10
11 3 65 19 12
12 A 63 15 ) 18
Total 20 423 87 58

The authors felt this data clearly showed that the
majority of ‘the students in the secondary schools were
functioning at an intellectual level below the formal oper-
ational stage.

One implication of this research, according to Renner
and Stafford, was that more laborétories and other activities

that were meaningful to the concrete operational student
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were needed in the science programs of the Qklahoma second-

ary schools.84

847.W. Renner, and D.G. Stafford, op. cit., p. 297.
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CHAPTER IIT
DESIGN OF THE STUDY

The objective of this investigation was to determine
the cﬁrrent status of physics teéching in the high schools
of Montana. Tbis chapter will outline the procedures that
were followed to complete this objective, TFor claritj and
continuity, the steps are organized in chronological order

according to when they were done.

Fall Report

Fach year the State Department of Public Instruction in

"Helena, Montana, requires individual school districts to

complete a set of forms in order to provide statistical data
for planning and evaluating public education in the state.

One of these forms is balled the *"Fall Report". This form

ccontains information about the teéchers, the élasses they

teach, and the size of their various classes. In this study,
an analysis of these forms was made to determine basic in-
formation about Montana physics teachers. From the "Fall
Report”, the following data was taken:
‘ 1. the number of high schools and their
enrollments. :
2. the number of physics cldsses taught.

3. the student enrollment in the physics
classes.,




T4

4. the number of teachers involved in physics
teaching, ‘

5. the degrees, as well as the college quarter
hours of credit taken by the teachers in the areas

of science and mathematics.

6. the years of teaching experience of the
physics teachers., :
7. the salaries of the physics teachers.

Altogether the reports from 1970, 1871, and 1972 were
studied., 1In order to get the information needed for items
five and six above, the 1970 reports were used. The reason
for this was due.to a change in the report forms in 1971,
The more recent forms no lohger reguire this information.
This information was checked again in the questionnaires and S
interviews. This was done to insure valid data.,

‘It was found that there were 167 public secondary
schools in Montana in the fall of 1972o To better under-
stand the distribution of student enrollment in these
schools, Table IV, on page 75-categorized the secondary
schools according to student population. It should be noted
that although 79 percent of the schools have enrollments of
less than 300 students, over 67 percent of the public high
gschool students in Montana attend schools with enrollments
greater than 300. The data in Table IV does not include
students attending ninth grade in a Jjunior high school. If

these figures were included, the percentage of students

attending schools over 800 would increase. In order to
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TABLE IV
ENROLIMENT IN MONTANA SECONDARY SCHOOLS IN 1972

Enrollment No. of % of Total No. % of Total.
Size Schiools Schools of Students Students
Attending Attending
1-100 59 35% 3,285 7.1%
100-300 73 44 11,767 25.3
300-~800 21 13 9,763 21,0
OVER 800 13 8 21,683 46.6
167 -

settle this dichotomy between the number of schools and the
number of students, it was decided that the sample for this
study should be stratified, The four student enrollment

categofies listed in Table IV were used in collecting and

‘reporting the data.

Development of Questionnaire

- The second'step in this investigation was to gather
information from all the physics teachers in Montana. This
was done by means of a mailed questionnaire. Two guestion-
naires were developed. These were called the "High School
Physics Questionnaire (éee Appendix D, page 250), and the

"Teachers® Objectives Questionnaire® (see Appendix E, page-

256)° The "High School Physics Queétionnaire“ was developed
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. by the present researcher. It was reviewed by a panel of

experts at Montana State UniVersity consisting of both ed-
ucators and'physicistsﬁ Their recommendations were incor-—
porated and necessary revisions were made..

During the 1971~72 school year the questionnaire was
distributed to ten high school physics teachers in Wisconsin.
Their comments and recommendations were used to construct .
the final form of this questionnaire. The areas explored by
this questionnaire fell into four main categories. These
were: '

1. An extension of the "Fall Report® information about-
the teacher: fhe degrees earnedg the quarter hours
completed in physics, mathemstics, and other soiénce
areas; the years of teaching experience; membership
in professional organizations; and participation in
financially supported acadehic work in. physics,.

2. An extension of tﬁe “Fall Reporf“ information on the
physics classes themselves., A determination was
made of what physics classes were available in the
high schools of NMontana. The teachers were asked to
list the textbooks they used for each class, the
preréquisites they set for thé Students in each
class, and, in their opinion, td what extent they

]
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incorporated the P.S.3.C. and'Harﬁard Project
Physics material into these clésses°

3. The opinions of the physics classroom teachers as
to the adequacy of certain factors in tﬁeir school
related to teaching. Areas explored included room
facilities, laboratory equipment, auaio~visual
equipment, library facilities, and rapport between
physics teachers and the administration.

4, To determine subjectively with open-ended questions
what college courses were missing or were taken and
not needed in the physics teacher®s college prepar~
ation. In addition, inguiry was made as to how the
colleges and universities, Pederal Government, ahd/
or State Department could'be of more service to them
in their phjsics teaching.

The *"Teachers® Objectives Quesfionnaire” was developed
by Trowbridge.1 The same instructions, as well as format
that were used by Trowbridge were used in this studyol Only
the thirty-three most significant objectives determined by

Trowbridge were included in the Teachers' Objectives

1Leslie W. Trowbridge, "A Comparison of the Objectives
and Instructional Materialis in Two Types of High School
Physics Courses”, Science REducation, 49:117-122, ilarch,
1965,
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Quest;onnaire" used in this study. This questionnaire was
also given dufing the 197172 schoollyear'to ten physics
teachers in Wisconsin., There were several comments about
the difficulty inarriving at an answer for some of the ob-~
jectives, The Wisconsin teachers felt, however, that this
was mqst 1ikely due to the difficulty in thinking out and

concretely defining one's teaching objectives.

Mailing of Questionnaire

On September 22, 19372, the questionﬁaires were mailed,
The "High School Physics Questionnaire” was mailed to all
149 physics teachers in Montana. The “Teachersf Objectives
Questionnaire’ was sent to all physics teachers in schools
with enrollments greater than 300, and to helf the teachers
With enrollments less than 300. This insured an adeguate
number of returns for the analysis. The teachers in the
smaller schools who received the questionnaire were randomly
selected. Altogether 93 of these questionnaires were sent.
A copy of the cover letter sent with the initial mailing can
be found in Appendix B, page 248.

On October 16, 1972, a follow-up letter was sent along
with copies of the questionﬁaire to those teachers who had

not replied., A copy of this letter can be found in Appendix

C, page 249.




VIR FURETT IR S e N | LI,

: 79

On October 30, 1972, the investigator telephoned those
schools who had not replied, gnd taiked to either the sec-
retary or principal to determine if anyone at the school was
qualified to fill out the questionnaires. Only schools that
had taught physics once during the last two years, or had a
physics teacher on the staff, were considered part of thé
population. The number of useable gquestionnaires are shown
in Tables V and VI on page 80.

| The "High School Physics ngstionnaire” was returned:

by 81 percent of the total sample. Altogether 121 of the
questionnaires were returned out of the 149 sent. The re-
turn from the lérger schools Wasvgreatefifhan 81 pefcent.
The larger schools had more students enrolled in physics.
Therefore, this data.representea what over 81 percent of
the high school physics'studenﬁs would experiencé in their .
high school physiés classes. |

The-résponse to‘the "Teachers’ ObjectiVes Questionnair@
- was 84 pefcent. Altogethéf'78 questionnaires were returned -
'oﬁt of the 93 sent. . Some feachers did not complete the ob-
jectives on the back of the first page. These were used
for'the objectives that were cqmpleted. Three questionn-~
aires were returned uncompleted with noteé from -the teach- ‘

ers, indicating they were too inexperienced.
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TABLE V

RETURN OF “HIGH SCHOOL PHYSICS QUESTIONNAIRE®

School No. ¢f No. of No. %
Enrollment Schools *High ‘Returned Returned
Size in . School
Sample Physics
Questionnaires®
Mailed .
1=-100 46 46 38 83%
101300 68 68 52 76%
301~-800 21 21 7 i 81%
OVER 800 14 15 14 _93%
149 150 121 814
TABLE VI
RETURN OF "TEACHER OBJECTIVES QUESTIONNAIRE™
School No. of No. of No. %
Enrollment Schools *"Teachers' Returned Returned
Size in Objectives
Sample Questionnaires®
Mailed
1-100 46 , 23 20 87%
101-300 68 . ' 34 ' 29 85%
301-800 21 21 . 16 T75%
OVER 800 14 15 13 87%

e—rbra—— el g sore s

149 93 78 84%
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Personal Visits

A total of twenty-two schools from‘thé sample were
randomly selected to visit personally. No school was se-
lected that was not offering phySics during the 1972-73
school year. This was necessary because a personal visit
was made to each of these schools to study the‘physics
teaching at the school.

Due to the large variations in the high schdSi enroll-
ments, a stratified sampling was made. The stratification
used was the same as the overall pattern.of this research
project. In order to arrive ét a.result that could be in-
térpreted as what the "average” student in Montana would en-
counter in high school-physics; the size of each stratified
sample'tried to approximate the fotal percentage of students
attending each size range~of schools, Howe?er, in ofder to
have a more reliable sample,.a greatef number~of schools
" were selécted in the smaller enrollment categories .than the
actual percentage of students justified. It was felt that
at least four schools should be visited in.each school cate-
gory, even if the percentage of students did not warrant
this many. Table VII on page 82, shows the number ofschools
selected to visit in each school category. (4 list of the

schools visited is in Appendix A, page 247).
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TABLE VIT
RANDOM SAMPLE OF HIGH SCHOOLS THAT WERE VISITED

No. of No. of % of Montana No. of
Students - Schools in Stulents Schools
Attending This Range Attending a in Random
. School of this Sample
Size Range
1""100 46 701% 5
100-300 . 68 253 5
300-800 21 21,0 4
OVER 800 14 46.6 8

The personal visits served as a method of determining
the validity of the "High School Physics Questionnaire®.
More important, however, is that they allowed the oppoftun~
ity for a thorough analysis of the physics programs at these
schools. The information gained from these visits became
the basis for interpretiﬁg the results of the questionnaires.

The visits were structured as informal interviewsg
Thié insured that information pertaining to the same ques~
tions could be obtained from each school; It also allowed
for greater freedom of expression by the teéchers than was
gainéd from thé mailed questionnaire. (A copy of.the inter-
view forﬁ‘is in Appendix F, page 260),

Besides the interviews with the teachers, inspection
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was made of the library facilities, audio-visuval facilities,
physiés classroom facilities, and phyéics laboratory equip-
ment at the schools. The form used in this analysis is in

Appendix G, page 267 .

Analysis of Data

The three methods of collecting data were to study
“Fall Report" records, to mail a questionnaire to all phy-
sics teachers in Montana,_and to visit fwenty—two randomly
selected high schools. All of these data were compiled
statistically, and analyzed and presented in Chapter IV.

The information gathered from the "Fali Reports®, the
¥High School Physics Questionnaire,¥ and the researcher's
visits to the high schools were comﬁiled and displayed in
tables., Means and medians weré computed whenever applicable,
Data from the earlier studies in Montana and other parts of
the United States which have been.discussed ﬁréviously,.weré
also presented in the tables to allow a direct comparison of
the results@.

The data from the "Physics Teachers® Objectives Ques-
tionnaire" wers analyzed by both a Chi-Square Analysis and a
tg-test of significant difference. The variables used in
fhe Chi;Square Analysis were the feachers* responses to the»

teaching objectives and the classification.of the teachers
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according to student enrollment, physics class enrollment,
and years of teaching experience. When the indepéndence or
association of two nominal variables is desired, the Chi-
Square test of independence can be usedc2 ‘The test indi-
cated whether the different classifications of teachers had
a significantl& different response (at the 0,01‘levél) for
each objective.

The Chi~Square test of significeant difference was also
used in'comparing the results of this study to those of
Trowbridgé'é stﬁdy; The wvariables again were the responses
to the teaching objectives and the classification of the
teachers. The responses of the'Montana physics teachers
during 1972~73 were compared to those of both the “tradition-
al” and "P.5.5.C."™ physics teadhers in Trowbridge'é study.
The purpose of this test was to determine whether the re-
sponses to the objectives differed significantly, (at the
0.01 level), between these different groups of teachers.

"'The steps followed in the Chi-Square test of indepen-

dence were outlined by Ferguson?Bin the Statistical Analysis

2C—eorge A. Ferguson, Statistical Analysis In Psychology
and Edvcation, McGraw-Hill, New York, 1966, .p..200.

3Ipid., p. 200-204. -
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In Psychology and Education., The formula used forﬁiQ was:
. 2
~L 0-E

where 0

]

the observed frequency

B

the theoretical or expected
frequency

In order to insurg a proper test, 80 percent of the
cells in‘the analysis were required to have an expected
frequency of five. If this ruie was violated,; the cells
were collapsed until this criteria was met. A further ex-

planation of this collapsing is found in Chapter IV, page

The Fischerf®s “t* technique wés also‘applied to the
responses from the "Physics Teachers® Objectives Question-
naire”. The t-test was used to determine if significant
differences at the 0.01 level; cccurred betweenithe means of
the responses to the objectives by Montana physics teachers
in 1972-73 and Trowbridge's "P.35.5.C." and "tréditional"
physics teachers. ' . ‘

When using the t-test two assumptions are that: 1) thé\
distributions of the variables in the population from which
the samples are drawn are normal, and.2) the populations

have equal'variances.,4 These conditions were not met

4Ferguson, Op. cit.,; p. 168,
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completely in this study due to the nature of the #Physics
Teachefs' Objectives Questionnairé“o The responseé to each
objective were limited to a four cﬁoicé scale. With such an
instrument a normal distribution is not possible. Blommers
and Linquist5 stated that even if these conaitions were not
met completely, the approximate model would approach the
exact modelmas the non-normal distribution approaches norm-
ality. The randomness and size of the sample in this study
insured that the distribution wouvld approach normality.
Therefore, although the results of the t-test were not exéch
they were'gOOd approximations° They indicated the t}ends
in the differences between the variables,
By analyzing the data in this manner, the following
questions were answered:
1. What is the percentage of Montana high school
students enrolled in physics? How does this
figure compare to the 1958—5§-data? Does thg'
percentage of students enrolled in'physics iﬁ

the large high schools of ‘Montana (total school

enrollment of 300 students or more) differ from

5Paul Blommer, and E.F. Lindquist, Elementary Statis-
" tical Methods, Houghton Mifflin Company, Boston, 1360,

P. 355.
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the percentage of students enrolled in physics
in the small high schools, (total student en-
rollment of less than 300 students).
What is the present number and thé availability
of physics courses in the Montana high schools? .
Does the present situation differ from that fof

the 1958-59 school year?

" Is physics in Montana a course taken by a select -

group of students? ‘What are the prerequlisites
of a student to take physics?
What textbooks and curricula materials were

being used in Montana during 1972-73%? How do

* the results compare with the findings in Wis-

consin during 1970 andiﬁhe Northeast States in
19722 _

To wﬁat extent were standardized tests from
textbook publishers being used in Moﬁtana'during
1972-T73%

What is'the guality and quantity of physics
1aboratory equipment in Montana high schools?

To what extent have Fedefal monies been used'

in Montana high schodls‘fﬁr‘upgrading the physics

facilities and teacher preparation?
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8.

10,

11,

12,

139

88
What audio-visual materials are available to the
physics teacher in Montana high schools, and to

what extent are they used?

. What is the extent of physics-related library

material in Montana high schools?

How did the high school physics feachers of
Montana rate the administration as far as being
sympathetic to the problems involved in teaching
ﬁigh school physics?

What is the number Qf quarter hours of physics
taken by the high school physics teachers in
Montana? Does the average number differ ffom

the 1958~59 data? Does the number of guarter
hours of physics‘taken by'the physics teachers

in the iarge high schools of Montana differ

from those taken by the physics teachers in the
smaller high schools?

What is the nﬁmber of guarter hours of mathematics
and science taken by the physics teachers of
Montana®? How. does this differ from the 1958- 59
data? |

What'were the teaching loads for Montana's physics

teachers during 1972-73?
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4.

15.

16.

17.

18,

199

20,

21,

89
What degrees had Montana's physics teachers
earned?
How maﬁy years of teaching experiencé did
Montana's physics teachers have?
What professional ofganizations aid Montana's
physiés teachers belong to?
What are the teachers! opiﬁions of what would
be the most beneficial programs to be under-
taken by the Federal Government, state govérn-
ment, and local school boards, to better the:
physics teaching done in the state of Montana?
What, in the physics teachers' opinions should
be done to iﬁprove the teacher preparation
programs in physics in"colieges of Montana?
Do the course objectives of the physics teéchers
in the large high schools differ from the ob-.
jectives of the teachers in the small high schools?
Do the course objectives of the physics teachers -
Qho teach physics classes of more than ten students
differ from those that teach smaller classes?
Do course objectiveé of the high school'physics
teachers who graduated ffom college over fifteen

years ago differ from the objectives of the
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23,

24.
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teachers who gréduated since then? A physics
teacher who gfaduated over fifteeﬁ years ago would
not have been exposed to any of the new curricula
material while in undergraduate schoolo
Do the course objectives of Montana's physics
teachers in 1972, differ or agree with the course
objectives of "traditional® or *"P.S5.S5.C." physics
teachers in 19607 | |
What is the high'school ﬁhysics teachers' opinion
on the most important purpose of high school phy-
sics? (This will only be determined from.personal
intefviews)_'
What, from the résearcher's viewpoint, after a
thorough study of high school physics teaching in
the state of Montana, would be most beneficial
programs to be undertaken by the Fedefal Govern-
ment, state government'apd local school boards
to better thé physics teaching done in the state

of Montana®?
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CHAPTER IV
PRESENTATION, ANALYSIS, AND INTERPRETATION OF DATA

Introduction

The data from this study are groﬁped into three main
categories., The first category concerns the "external”
factors in teachingo This information came méinly from the
"Fall Reports* at the State Department of Public Instruction
and from the ﬁHigh School Physics Questionnaire.*” Thé sec—
ond category concerns the teachers® objectives, and this
data was obtained from the "Teachers' Objectives Question-
naire”. The third and final category is the subjeétive
opin;ons.of the teachers and this researcher. This informa-
tion was obtained from the personal intér&iews‘of the twenty-
two randomly selected high school physics teachers in Mon-
tana., (See Apbendix A, page 247). The interview data is
analyzed in Chapter V.

EXTERNAL FACTORS IN PHYSICS TEACHING

Enrollment

A major concern of many physics educators has been the
declining enrollments in physic$. In this study, a compari-

son was made of the 1972-73 enrollmént in physics in Montana -
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high schools with the 1958—59 datao1 Total student‘enrollm
ment in the Montana high schools was 33,761 during 1958-59.
Of these stuﬂents, 5.5 percent took physics. This meant

there were 1,857 physics students. The enrollment in phy-

‘sics is often represented as the peréentage of graduating

high school stﬁdents who had.taken physics. Because physics
was taken by juniors and seniors, it has to bé assumed that
these figures remain constant for two years. To determine
this percentage, the number of physics students was'divided

by the total number of seniors. In 1959, 22 percent of the

graduating students from all the Montana-high schools had

taken a physics course,

In 1972-73 these figures had changed. The total num-
ber of high school students.inhMontana had gfown to 46,791,
O0f these students‘4.2 percent or 1,967 were taking a physics
course, These figures mean that 14.7 percent of the‘grad—

uating students in 1973 had taken physics. These figures

compare similarly with those found in the Northeast Stafes2

1Jc W. Gebhart, "The Teaching of Scilence In the
Secondary Schools of Montana®, (unpublished Doctorate thesis
Ohio State University, 1960, .p. 56). :

2George Ivany et. al., High School Physics Teaching:
& Report on Current Practices, American Institute of
Physics, New York, 1972, p. 5.
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during 1971-72, as shown in Table VIII on this page.

TABLE VIII
PERCENTAGE OF GRADUATING STUDENTS WHO TOOK PHYSICS

Montana (1973) Northeast States (1972)
>800* .301=800 101=300 0~100 || Urban Small Sub~ Rural
City urban
15% 14% 13.3% 19% 12 13.5% 23.4% 18.8%

¥This does not include Butte High School because during
the 1972-73 year they were undergoing a currlculum change
that affected physics enrollments.,

To put the enrollment figures in perspective with the
other sciences, Table IX on page 94 shows the percentage of
the 1973 graduating high school students from NMontana, who
had taken bilology and chemistry. The percentage.of grad-
uating students who had taken biology and chemisfry had not
changed as much as physics since 1958-59. At that time, 84
percent had biology, and 30 4 percent had chemlstry.3 The

chemistry percentage had risen slightly in Montana since1959

3¢ebhart, op. cit., p. 56.
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TABLE IX

PERCENTAGE OF GRADUATING STUDENTS
IN 1973 WHO HAD TAKEN THESE.SCIENCE COURSES

School

Enrollment >800% 301—800 10?—300 0-100 Total
Biology 72% 95% 94% - 83% 83.1%
Chemistry 28% 38% 34% 37% 32.3%
Physics 15% 14% 13.3% - 19% 14.7%

*¥This does not include Butte High School.

Availability of Physics Courses

The availability of physics classes to the high school
students was studied. Of the original 167 schools who filed
“Fgll Reports™ in 1971, 149 either offered physics during
the 1972-73 school year or offered it during the preceding
year., Of the remaining eighteen schools, three closed due
to consblidation at the énd of the 1971-72 school year.

The other fifteen schools did not offer physics on a regular
basis. However, some of the schools indicated that with the
turnover of teachers, if they hired a teacher who could

teach physics, this course would be offered.
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Table X gives the number of schools that offered phy-

sics every year and alternating years'with chemistry. It

also lists the number of schools that offered more than'one

type of physics.

TABLE X

THE AVATLABILITY OF PHYSICS COURSES 4
IN 1972-73 COMPARED WITH 1958-59

(1958-59)

School -
Enrollment > 800 301=800 101~300 0-~100
Each Year 7 16 19 4
Alternate )

Years 0 2 34 63
No Physics 0] 0 1 27

Total Schools: 173

(1972=73)
Each Year 14 20 37 4 3
Alternate

Years 0 0 31 43
No Physics 0 1 5 - 10
Offers llore
Than One
Type of
Physics 5 0] 0 0

Total Schools: 164

*Ipid., p.

51,
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It can be noted from Table X, page 95, that all schools
excepf one with an enrollment greater than 300 offered phy-
sics every year, Only five schools in the entire state in-
dicated they offered mofe than one type of physics course
for students with differing interests and abilities.

Although some schools have closed since the 1958-59.
school year, and there has been a general shift upward in
school enrdllment,‘there has been no me.jor chénge in the
availability of high school physics in Montana. However,
one change that has occurred as the schools grew larger, was
- an increase in the number of schools that offered physics

every year, instead of alternating years,

Prerequisites and Teacher Rating of Physics Students

Since 1958, the total high school enrollment had in-

~ creased. The student enrollment in physics, however, had
remained almost constant, High school physics was just as-
readily available to the student in 1972 as in 1958. What
type of students were taking phyéics in Montana high schools
during 1972-73?' To determine this, the teachers were asked
to rate the stﬁdeﬁts who took'physics at their school,

Table XI, on page 97 shows the results.

As can be seen from this table, the tgachers felt that
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only "above average" of’Superior“ students took physics, In
fact,.the teachers indicéted they discouraged many student$
from taking physics. Among the 117 teachers responding‘fo
the question, 45.3 percent indicated they had discouraged
some students. The most common type of student discouraged,

according to the.teachers' responses, were students with:

No.
\ Responding
poor previous math and/or science performance 25
poor or low ability k | 13
poor academic record ' ‘ 12
counselor or administrative discouragement 6
lazy or poor attitude . o 5

TABLE XI

THE TEACHERS® INTELLECTUAL RATING OF THE STUDENTS
WHO TAKE PHYSICS AT THEIR SCHOOL

School .
Enrollment >800 301-800 , 101-300 0-100 Total

Predominantly
Superior
Students 7 6 12 6 31

Predominantly
Above Average ‘ '
Students 7 11 35 26 79

Predominantly

Average : , :
Students 0 Y 3 4 7
Predominantly '

Below Average ‘
Students O 0 ' 0 0 0
Total

Responding 14 17 50 36 117
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Even without direct teacher discouragement, certain
prerequisites could indirectly discourage students from
taking physics in high school. According to Van Koevering,5
one of the main characteristics of high schools with low
physics enrollments were those with certain math prereqﬁim
sites. His reéearch concluded that any prerequisite over
Algebra I, discouraged students from enrolling in physics.
Table XIT gives the math prerequisites in Moﬁtana high
schools during 1972~73. As can be seem from Table XII, only
31.6 percent of the schools had a math prerequisite 6f
Algebra I or below.

TABLE XII

. NUMBER OF HIGH SCHOOLS WITH DESIGNATED
MATH PREREQUISITES DURING 1972-73 SCHOOL YEAR

School ‘
Enrollment %800 301-800 101-300 0-100 Total
No Math _
Prerequisites 3 0 8 4 15
Algebrs I 4 1 9. 8 22
Geometry 3 2 10 15 30
Algebra II 4 10 21 - 7 42
Other (trig.) O 4 2 2 8
etc.

5Thomas E. Van Koevering, "The Distinguishing Charac-
teristics of High Schools with High and Low Enrollments In
Physics”, Journal of Research in Science Teaching, 8:37-39,

1971.
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To get an indication of other types of prerequiéites
students must have had to fulfill in 1972-73 in order %o
take high school physics in Montana, four prerequisites were
listed on the questionnaire,'and the teachers were instruct-
ed to mark the ones that applied‘to their school. Table

XIII presents this information.

TABLE XIII

- NUMBER OF HIGH SCHOOLS WITH DESIGNATED
PREREQUISITES DURING 1972-~73 SCHOOL YEAR

School

Enrollment >800 301-800 - 101-300 0~100 Total
Grade Point

Average 2 3 3 -4 12
Teacher

Approval 2 3 . 13 10 28
Couunselor

Approval 2 3 9 6 20
Non-Math

Course -
Prerequisite 2 - 4 7 2 15

Textbooks and Curricula Materiais Used

The type of physicsucourse that was offered to the
students greatly influences the enrollment. From Table X,

on page 95, it was found that only five schools in the state

offered more than one type of physics course for students of
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varying ability and interests. This means that at most
schools, the student could take 6nly one type of physics
course,. | o |
The textbooks influence the type of physics course

offered. Table XIV lists the textbooks that were most -
commonly used in fhe Montana high schools during the 1972-
73 school year. | |

TABLE XTIV

NUMBER OF HIGH SCHOOLS USING DESIGNATED
TEXTBOOKS DURING THE 1972-~73 SCHOOL YEAR

Enrollment >800  301-800 101-300  0-100 Total

Modern Physics '

Williams, et.al. 5 9 - 29 21 . 64

POSO.S-‘:-QO

Physics 2 1 5 -3 11

Project s

Physics 4 0 5. 0 S
Other 3 7 9 12 31

Other textbooks commonly used were:

Physics: Stollberg & Hill (10)
Physics: Its Methods & Meanings Taffel ( 4)
Physics: Minor & Kelley ( 3)

Physics: Genzer & Younger ( 3)
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These results are compared to those found in‘Wisoonsin6

and the Northeastern States7

in Table XV.
TABLE XV

COMPARISON OF TEXTBOOKS USED IN MONTANA
WITH. . WISCONSIN AND NORTHEAST STATES

Montana Wiscénsin 1| Northeast States

No. % No. % | No. %
Modern Physics 64 55.71 119 58.3 8 13.6
P.5.5.C, 11 9.6 43 21.1 19 32.2
Project Physics 9 7.8 8 3.9(! 10 16.9
Others 31 16.9 34 16,7 22 37.3
Total 115 100.0 204 100.0 59 100.0

It can be seen that Modern Physics was about as popular

in Montana as in Wisconsin. Project Physics was used morein

Montana than Wisconsin, but these figures were difficult to

compare., Project Physics came out for use only-one year be—
‘for Hale and Smith's study. They indicated this was one

reason they found so little use of it. It was three years

6H. E. Hale IV, and J.R. Smith, "Trends in High School
Physics - A Survey In Wisconsin®, The.S3Science Teacher,
February, 1971, p. 33-34.

7

Iveny, op. cit., p. 7.
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after the introduction of Project Physics when Montana was

sampled. This could explain the increased popularity.

P.5.5.C. Physics was less popular in Montana than in Wiscon-
sin. |

The textbooks used in the Northeast States.during the
1971-72 school yeér, differed gfeatly from those in Montana.
This could be due to a difference between the two areas or
because of Ivaﬁy's et, al., sampling technigque. They in-
dicated that schools in suburban areas made up over 50yper~
ceht of their sample, while the remaining schools were‘fair~
ly equally divided between urban, rural, and small city.
Subu;ban schools differ from most Montana schoéls in many
different aspects, such as finances available and student
population,

In addition to the basic textbook, it was also deter-
mined what supplementary texts were used. 1In order of pref-

erence, the following textbooks were listed:

P.S.8.C._Physics _ (18)
Modern Physics ( 8)
Various University Textbooks (7
Project Physics . ( 5)
Foundations of Physics ( 4)

Lehrman & swartsz
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P.S5.5.C. Physics was thg most popular supplementary
textbook., Most of the more popular te#tbook authors had
prepared tests that could be used along with their textbook.
Table XVI gives the number of teachers that used tests in

7

1972=73.

TABLE XVI o
USE OF STANDARDIZED TESTS FROM TEXTBOOK PUBLISHERS

Enrollment >800 301800 101-300 0-100 . Total
Exclusively 0 0 2 0 72
Extensively 6 3 12 6 ZZ
Occasionally 1 7 12 10 30
Seldom 4 1 12 7 24
Never 3 6 10 11 . 30

There was little over all difference between use of
these tests and the size of the school. Teachers seem to:
have used these tests, but tried to supplement them with
their own.,

Project Physics and P.S5.S.C. Physics have made avail-"

able a large amount of curriculum material. The manufact-
urers of this material encourage all teachers to use some of

this material, even if they do not use thelr textbook.
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Table XVII shows the amount of these materials used by Mon-
fana teachers during 1972-~73. The table shows the number of
teachers that indicated they uséd é particular item in their
classes, A teacher could indicate as many items as they

used.,

TABLE XVII

USE OF P.S.S.C. AND H.P.P. CURRICULA MATERIAL
IN PHYSICS CLASSES :

fnrollment >800 307=800 ~ 1071-300 0=100  Total
H.P.P.
Film Loops 8 1 4 1 14
Films 2 0 2 1 5
Transparencies 3 0 4 0 7
Laboratories 9 5 il 1 22
Supplemental : -
Readings 7 1 4 3 15
Readers 7 0 5 0. 12
Tests . 3 0 3 0 6
Other 1 0 1 0 2
P.S5.5.Co -
Pilm Loops 4 3 Q0 0 7
Films 7 3 6 1 17
Transparencies 4 2 4 1 11
Laboratories 12 11 16 11 50
Supplemental
Readings 1 3 3 3 10
Readers 0 1 2 0 3
Tests 2 2 2 1 7
Teacher's Guide 4 2 12 6 24
Other 0 0 0 0 0
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From these data, it was found that, although the

P.5.5.C. and Project Physics textbooks were not used to a

great extent,hthe material developed from these programs

have had an impact on the physics teaching in Montana, Many
teachers who did not use the texthooks in class, did use the
teacher's guidés as a resource. The most popular supplemen-

tal material from Project Physics.was the laboratories,

supplemental reéding, and film loops. P.5.5.C. laboratories
were used by 43.5 percent of the teachers, 1In addition,
many “traditional® laboratory workbooks had incorporated
Pos.S;Cs laboratofies in their list of exercises. Therefore,

PsS5:5.,C.5 and Project Physics had the most affect on the

laboratories in Montana high school physics,

Laboratory Equipment

It was important to determine how adequate the schools!
.physics equipment was during‘1972-73 for teaching high
school physics. Therefore, each teaéher was.aSked to eval-
uaté the adequaoy.of the physics equipment at their school
for their particular physics program. In addition, the
researcher evaluated the physics equipmént found during the
visits to the high schools. -This is reporfed in Chapter V.
The teachers' estimation of how adequaté thelr school’s

physics equipment was for the teaching of high school phy-
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sics in 1972—73 is given in Table XVIII. This is compared
with teach;arse evaluations méde during the 1958-59 school
year.

TABLE XVIII

COMPARISON OF THE TEACHERS' RATINGS OF THE ADEQUACY OF
THEIR SCHOOL'S PHYSICS EQUIPMENT.BETWEEN 1972-73 AND 1958-59

1972-1973 : 1958~59

Enrolliment 800 301-800 101300 0-100 Total Tota18

More than ’
Adeguate 3 2 2 0 7 3

Adequate 8 11 24 17 60 42
Inadequate 3 4 24 20 51 55

From Table XVIII, it was determined that in 1958-59, 55

percent of the teachers felt their equipment was inadequate,
compared with 43 percent in 1972-73. It does not appear,
therefore, that the teachers' laboratory equipment had im-
proved a great deal since 1958-59. Perhaps with the chaﬁgé
in the laboratory approach, and the use of different experi-

ments, different equipment was needed than that which was

available in 1958-59. New equipment migh have been puré

8Donald C. Orlich, An Appraisal of the Methods of

Teaching Science In the Senior High ochools of WMontana,

{unpublished Master's thesis, University of Utah, 1959).



































































































































































































































































































































































































































































































































































