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ABSTRACT

STUDENTS' REASONS FOR ELECTING OR REJECTING

ENROLLMENT IN GRADE XII PHYSICS

by Gerald Francis Caron

The purpose of the study was to ascertain the
reasons for the decline in enrollment in Grade XIT
physics relative to the total enrollment in all Grade XII
science, in the secondary schools of a ninety thousand
student urban school system in Alberta.

Students enrolled in at least their third year of
high school, and also enrolled in at least one Grade XII
subject in February 1971, were the subjects of this
study. These Grade XII students were a sample of 871
from the approximately 6,000 such students in the Calgary
Public School District #19, during the second semester of
the 1970~71 school year.

A survey instrument, "Grade XII Physics: Why
Take It? Why Not?" was constructed to assess the
Teasons, as perceived by students, for enrolling, or for

not enrolling in Grade XII physics. A trial version of
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the instrument was constructed from statements in the
words of students, which had been tape-recorded by the
writer during 28 student interviews. The trial instru-
ment was administered to a trial group of forty students.
The final instrument was devised following analysis of
the trial results, and feedback sessions with the trial
students.

The survey instrument is in two parts. Part A,
29 items, attempted to find the mechanical or objective
reasons advanced by students for enrollment or non-
enrollment in Grade XII physics. Part B, 35 items, was
designed to ascertain the affective reasons for enroll-
ment or non-enrollment in Grade XIT physics. The affec-
tive reasons are associated with the attitude differences
of students toward physics, science teaching, science
teachers, and junior high school science experiences,

The survey instrument was administered to 1,231
Grade XITI students in seven selected high schools., A
total of 871 accurately completed response sheets was
obtained.

The investigator used computer techniques to

determine and to display percentage and absolute response
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distributions to questionnaire items.

The investigator also used computer sorting tech-
niques to relate the Tesponses to mechanical items to
Tesponses to the affective items of the questionnaire.
Statistical techniques established that total group
response distributions to all items of the questionnaire
were significant at the .01 level of probability or
better. Statistical technigques were used to determine
significant pairs of bercentage response distributions
to the affective items, related to percentage response
distributions to the mechanical items. Pairs of per-
centage response distributions showing significant
differences at the .01 level or less were determined,
listed, and analysed.

The analysis showed that Grade XII students
elected physics for mechanical reasons primarily
related to future education or Career objectives., Stu-
dents had generally not followed counselling advice
when choosing high school science, but had made their
own decision. Students reported having been told
negative statements about physics. They tended to

believe these negative statements.



There were more significant differences in atti-
tudes toward physics and toward junior high school
science experiences than toward science teaching or
science teachers, among physics students, compared to
non-physics students. Non-physics students held genexr-
ally negative attitudes toward physics. Many physics
students, though not as high a bercentage as non-physics
students, had negative attitudes toward physics.
Physics students found junior high school physical
science experiences enjoyable, compared to non-physics
students who found them boring.

The study showed that attitudes toward physics
and attitudes toward junior high school science experi-
eénces appear to be related to decisions to enroll or

not to enroll in Grade XII physics.
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Chapter 1
INTRODUCTION
STATEMENT OF THE PROBLEM

It is the purpose of the study to ascertain the
reasons for the decline in enrollment in Grade XII
physics, relative to the total enrollment in all Grade
XII science, in the secondary schools of a ninety-
thousand student urban school system in Alberta.

As the students may elect physics the study will
investigate reasons advanced by students for electing or
rejecting physics as a course of study.

The Grade XIT physics program under study consists
of two alternative courses. The authorized text for
Physics 30, the first of the alternatives, is Frontiers

of Physics,l Physics 30X, the second alternative, uses

2 as the authorized text. Both courses are

Physics

lRobert Stollberg and Faith Fitch Hill, Frontiers
of Physics (Don Mills, Ontario: Thomas Nelson and Sons,
Ltd., 1968).

2Physical Science Study Committee, Physics (24
ed.; Toronto, Ontario: D. C. Heath, 1965).



acceptable as prerequisites for entrance to the three
universities in Alberta as well as to other post-secondary
institutions.

The student shall be defined as a person enrolled
in a public high school in the province of Alberta, in
at least his third year of attendance, and registered

for credit in at least one Grade XII (30) subject.
BACKGROUND AND IMPORTANCE OF THE STUDY

Enrollment in physics as part of the secondary
curriculum would appear to be declining, continent wide.
In Alberta physics enrollment has dropped (expressed as
a percentage of either all Grade XII subject enrollment,
or of all Grade XII science enrollment) from 1951 to 1969,
If steps are to be taken by Departments of Education, by
universities and colleges, by administrators and
teachers to halt the decline, reasons for the decline
must be established, It is the purpose of this study
to establish some of the reasons that students give for

electing or rejecting Grade XII physics.



DESIGN OF THE STUDY

Students enrolled in their third year of high
school, and also enrolled in at least one Grade XIT
subject in February 1971, were the subjects of the
study. These Grade XII students were a sample of 871
from the approximately 6,000 such students in the Calgary
Public School District #19, during the second semester
of the 1970-71 school vyear.

A survey instrument, "Grade XII Physics: Why Take
it? Why Not?" (see Appendix A), was constructed to assess
the reasons (as perceived by students) for enrolling in
Grade XII physics, or for not enrolling. The survey
instrument is in two main sections. Part A, the first
section, attempts to find the "mechanical®” reasons
advanced by students for enrollment or non-enrollment
in Grade XII physics. Mechanical reasons are those
related to administrative restrictions, time tables,
prerequisite for the course, perceived need of the
course for achievement of goals, advice by counsellors
and the like. Part B, the second part of the instru-

ment, seeks to explore the "affective" reasons perceived



by students for enrolling or not enrolling in Grade XII
physics. Affective reasons can be further subdivided
into four kinds of statements to which students
responded on a modified Likert scale. The four sub-
divisions relate to feelings toward physics as a
subject of study, toward science teaching as students
have experienced it and as they expect it to be, toward
the science teacher, and toward their Junior High School
science experiences.

In order to develop an inclusive instrument, the
writer interviewed 28 Grade XII students. The students
included equal numbers of those enrolled and those not
enrolled in Grade XII physics. These groups each
included equal numbers of males and females. The writer,
who conducted the interviews at one composite high
school (Calgary Public School Board), taped the inter-
views for subsequent analysis for suitable survey
questions and statements. The interaction possible in
the confidential interview yielded a fairly inclusive
range of statements for the survey questionnaire.

When assembled, the survey instrument was

checked for construct validity by trial on two groups



Qf 20 each of Grade XII students. One of the groups
was enrolled in Grade XII physics, the other was not.
Discussion with each group following administration of
the instrument established that most of the possible
reasons advanced for reaching decisions were sampled by

the instrument. Allen L. Edwards' Techniques of

Attitude Scale ConstructionS was used as a guide in the

development of appropriate scale items.

Subsequent to the feedback sessions with the
students, the writer completed an analysis of the
responses. Modifications to and deletions of state-
ments, and improvements in the format and instructions
were based on the feedback and the analysis.

Experienced researchers of the Calgary Public
School Board's Special Services Division checkea the
instrument before its administration to 1,341 Grade XII
students in seven Calgary Public School.Board high
schools. The high schools were selected to include

schools cof various ages, offering the full range of

3p7len L. Edwards, Technigues of Attitude Scale
Construction (New York: -Appleton-Century-Crofts, Inc.,
1957).




available courses, and drawing from the full Calgary
range of socio-economic and cultural backgrounds.

The optical score sheets used by the students to
respond to the statements of the instrument were checked
for accuracy, and for suitability for optical scoring.
There were 871 score sheets available for scoring by the
IBM 1130 computer. Cards were cut simultaneously for
sorting purposes. Choice distributions and percentages
were produced from the cards for later statistical

analysis.

ASSUMPTIONS AND LIMITATIONS

Assumptions

It was assumed that students participating in the
study were able to read and understand the instructions,
and successfully complete the response sheet for the
questionnaire, It was assumed that satisfactory test

conditions were maintained.

Delimitations

The study was restricted to students of the

Calgary Public School System in at least their third



year in high school, enrolled in at least one Grade XII
subject, during the second semester of the 1970-71

school year.

Limitations

The study is limited by the way the population
was obtained. However, the application of non-parametric
techniques to the data obtained does not require the
researcher to make assumptions that the scores were
obtained from a population distributed in any known way.
The results can be applicable to the sample population
and to the same identifiable groups in the universal

population as well.

QUESTIONS STUDIED

The following questions were studied in the

investigation:

Question I: What are the "mechanical" (objec-
tive) reasons selected by Grade XII students for
enrolling or not enrolling in Grade XII physics?

Question II: What are the affective reasons per-
ceived by Grade XII students for enrolling or

not enrolling in Grade XII Physics?



Each question was broken down into a number of
sub-questions (see Chapter III). Null hypotheses (see
Chapter III) were stated, in line with the sub-questions,
and were tested by use of the Kalmogorov-Smirnov one-
sample, and two-sample tests. Rejected null hypotheses
identified the significant choice distributions and
percentages which are shown and discussed in detail in

Chapter IV.



Chapter 2

REVIEW OF THE LITERATURE

INTRODUCTION

Since about 1956 there has been no lack of concern
with the relative decline of interest in physics in
secondary schools. However, the major attempts to im-~
prove physics courses have had their beginnings in
dissatisfaction with the structure or content of exist-~
ing physics courses. Project Physics may be an exception.
Little attempt seems to have been made to ask students
for their reasons for electing to take physics, or for
their reasons for rejection of physics. There seems to
be an assumption by the developers of PSSC (Physical
Sciences Study Committee) Physics and to a lesser degree
by the Project Physics group, that if the course is
rigorous, relevant, humanistic and appealing to science
teachers it will increase the appeal of physics. Such

has not proved to be the case.
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BACKGROUND TO THE PROBLEM

In Newsletter 1, Fall 1964, of Harvard Project
Physicsl the authors presented a graph {Figure 1) that
is subject to disturbing interpretations. The percen-—

tage of American high school students slecting to take

n

physics shows a decline from the 1890°'s to the 1960's.

The graph also shows chemistry enrcilment holding steady,
and biology enrollments increasing. The writers of the
Harvard Project Physics (now called Broject Physics)2
assumed that one of the causes for the decreasing enroll-
ment in physics at the high school level was the lack of
a wide variety of curriculum alternatives. Thus the
authors felt justified in proceeding with the course
development.

In the same Newsletter, the authors attempted to

make a case for the importance of phvsics at the

secondary level. They aliuded to the necessity for good

1Newsletter! Harvard Proiect Physics, Fall 1964, 4.

2Gerald Holton, F. James Rutherford, and Fletcher
G. Watson, The Prciject Physics Course (Toronto: Holt,
Rinehart and Winston of Canada, Limited, 1970).
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preparatory courses for future physicists. They
referred to the need for physics literacy for citizens

working in industry and business in an increasingly

technical society. They referred to the cultural values
inherent in physics. With reference to students in the
humanities and social studies they claimed that "to be
ignorant of physics may therefore leave such students
unprepared for their time."3

An analysis of Annual Reports of the Department

of Education, Province of Alberta 1951 to 1969 inclu-
sive,4 has given Table 1. Table 1 shows the numbers of
Grade XII physics, chemistry and biology papers written
1951 to 1969, inclusive. Numbers of candidates writing
at least one Grade XIT paper in each year of the same
period are shown. Percentages of numbers of candidates
writing at least one paper 1951 to 1969 inclusive, who
wrote the physics, or chemistry, or biology papers, were

calculated and are shown on the table. The graph of

3Newsletter, Harvard Project Physics, Fall 1964, 4.

4Alberta, Department of Education, Annual Reports
(Edmontons: Queen's Printer, 1951-1969 inclusive).
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Figure 2, numbers of students writing Grade XII final
examinations in each year in chemistry, physics and
biology are compared by percentages with the total num-
bers of students writing at least one Grade XII final
examination in each year. The bercentage of students
writing physics shows an overall decline from 1951
(34.7%) to 1962 (20.3%) with little further change to
1968 (21.1%). The years 1968 and 1967 each showed a
decline over the previous year. In the same period
students writing chemistry rose from 1951 (41.0%) to
1955 (52.3%) and maintained nearly 50% until 1965 when
a decline set in to 1968 (37.0%). Biology papers writ-
ten reached a peak in 1960 (47.6%), declining after
then to 1968 (29.4%).

Table 2 shows the numbers of Grade XII papers
written in physics, chemistry and biology from 1951 to
1969 inclusive. Totals for numbers of science papers
written each year are also shown. Percentages that
each of physics, chemistry and biology papers written
were of total of science papers written were calculated

and are shown in this table.
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Figure 3, derived from Table 2, depicts the
change in percentages of each of physics, chemistry and
biology Grade XII papers written, relative to the total
number of papers written in the three sciences from 1951
to 1969, inclusive. Chemistry enrollment maintained a
high relative position until 1968, but suffered a severe
drop in 1968 and 1969. Biology registrations appear to
have expanded from 1963 to 1965, at least in part at
the expense of physics. Numbers of students writing
biology final examinations suffered a steep relative
reduction in the period 1965 to 1967, apparently due to
increases in physics and chemistry. After a slight
recovery from 1962 to 1966 physics enrollments began a
gradual decline, which continued through 1969.

During the period 1951 to 1969 a number of con-
current events are worthy of note. Vocational high
school programs began in many Alberta high schools in
1963. Students were able to take vbcationally oriented
courses that could lead to employment or to post-
secondary institutions other than university. These
students were not required to take more than one science

course in high school. The first students of the
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FIGURE 3. SCIENCE ENROLLMENTS, COMPARED
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vocational program graduated in 1966. A new Grade XIX
chemistry program using Chemistrz5 was introduced in

1964. Chemistry, An Experimental Science (CHEMStudy) ©

was introduced as an alternative program for Grade XII
in 1967. Biology programs were revised at Grade XII

in 1965 with the introduction of Elements of Biology7

as the authorized text.

Before 1968 physics and chemistry were combined
at the Grade X and Grade XI levels as Science 10 and
Science 20. In 1968 an ad hoc committee of the Alberta
Department of Education changed physics and chemistry to
half courses; physics 10 and chemistry 10, physics 20
and chemistry 20. The committee's aim was to provide
flexibility of student choice. It made it possible, if

school scheduling and post-secondary plans permitted,

SMitchell J. Sienko and Robert A. Plane, Chemistry
(Toronto: McGraw Hill of Canada, 1964).

6Chemical Education Material Study, Chemigtry, An
Experimental Science (San Francisco: W. H. Freeman and
Company, 1963). :

7paul B. Weiscz, Elements of Biology (Canadian
ed.; Toronto: McGraw Hill Company of Canada Ltd.,
1965).
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for students to reject experience with physics, chemis-
try or biology from Grade XI on. In 1968 many schools

and faculties of universities in Calgary and Edmonton

changed their admission requirements to five Grade XII
examination subjects rather than the previous six.

This made it possible for many Grade XII students to drop
one science course of the two or three they could carry
in Grades X and XI.

As shown by the Project Physics group, and by the
numbers writing Grade XII physics examinations, physics
enrollments at the secondary level are declining in both
the United States and in Alberta. The fundamental ques -~
tion that must be answered is why? What are some of the
reasons why students elect to enroll in physics, or
reject enrollment in physics? If such reasons, both
objective and affective, can be ascertained teachers,
university staffs and curriculum developers may design

remedial action related to the root causes of the problem.

RELATED RESEARCH

Since 1959 when H. B. Reed conducted his pace-

setting study, "Pupils’® Interest in Science as a Function



23

of the Teacher Behaviour Variables of Warmth, Demand,
and Utilization of Intrinsic Motivation,”8 many attempts
have been made to create instruments to assess student
attitudes toward science, science teaching, and scien-
tists.

Moore and Sutman® have summarized the history of
Scientific Attitude scale construction:

In the thirty years prior to 1962, several tests
of scientific attitudes or understandings have been
prepared and reported in the literature: four of
these have been used in experimental studies. These
include instruments prepared by Allen, Brandyberry,
Cooley and Klopfer, and Noll. Since 1962, the num-
ber of tests of scientific attitudes or understand-
ings has increased. These include instruments pre-
pared by Kimball, Welch and Pella, Kaplan, Lowery,
Vitrogan, Schwirian and Dutton and Stephens.

An examination of Moore and Sutman's research and

instrument, and that of Cooley and Klopfer, yielded

8H. B. Reed, "Pupils' Interest in Science as a
Function of the Teacher Behavior Variables of Warmth,
Demand, and Utilization of Intrinsic Motivation," The
Journal of Experimental Education, 29:205-209, 1961,

9Richard W. Moore, and Frank X. Sutman, “The
Development, Field Test and Validation of an Inventory
of Scientific Attitudes," Journal of Research in
Science Teaching, 7:2885, 1970.
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ideas for scale construction but no instrument that
could be used to determine why Alberta students elect
or do not elect to take physics courses. The instru-
ments were designed to test scientific attitudes, but
were not designed to test attitudes toward physics.
The SATS (Student Attitude Toward Science) developed
by Hedley (1966) and used by Charlesworth (1969)
appeared closer to the need. However, because more
specific information about attitudes toward physics was
desired SATS was not the instrument selected for the
study.

Three recent studies bear more directly on the
problem. Snelling and BoruchlO initiated a study in
1967, which they reported in 1970, in which they tried
to answer the questions:

When do students form vocational judgements

about entering the sciences? At what stage of his
education is the choice of a specific scientific

field made? What do graduates perceive as major
influences in determining such choices?

10n. Rodman Snelling and Robert Boruch, “Factors
Influencing Student Choice of College and Course of
Study," Journal of Chemical Education, 47:326, May,
1970.
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The sample was restricted to graduates from 49
colleges, and to those graduates who majored in mathe-
matics and the sciences. Responses to a questionnaire
indicated that the grade level at which science was
chosen as a major field of interest was Grade IX for
from 37.7% to 51.2% of the graduates in the years from

1957 to 1967. More than any other subject group, physics

majors made their choice prior to Grade IX. For persons
choosing science as a career, the effect of junior high
school experiences and the advice of junior high school
teachers and counsellors Would appear to be strong and
increasing.

A second study, reported in October 1970 by Haym
Kruglakll of Western Michigan University, is more
directly pertinent. Approximately 3,000 freshmen at
Western Michigan University were polled in the autumn of
1968 for their reasons for taking or not taking high
school physics. They were also asked to rate their

physics teachers on a five point scale and to estimate

llHaym Kruglak, "A Poll of College Freshmen on
High School Physics," The Physics Teacher, 8:394,
October, 1970.
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the frequency of demonstrations and laboratory work.
Reasons selected by students for not taking high
school physics were reported by Kruglak12 as:

1. Lack of interest in the subject was the prepon-
derant response of boys and girls (67% and 83%).

2. The counselor's advice was ranked second by both
groups (19% and 8%).

3. Fear of a low mark appears to have influenced
relatively few students (7% and 5%).

4. The poor reputation of the teacher and subject
difficulty were given as reasons by a very small
fraction of the respondents.

Reasons selected by students for taking high

school physics were reported by Kruglakl3 as:

l. Interest in the subject had the highest priority
for boys (40%) followed closely by counselor's
recommendation (37%). The order was reversed for
girls (24% and 41%).

2. The challenge of a tough subject was ranked
third by both boys and girls (15% and 19%).

3. The reputation of the teacher had the lowest
ranking for each group.

In the conclusions and implications Kruglak14

reported:

The entering freshmen do not feel that the diffi-
culty of physics or the teacher quality are serious

127144,
131pid.

ld1pia., p. 395.
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obstacles in the selection or non-selection of the
subject. Interest in subject matter and the coun-
selor's recommendation are the two most important
influences cited by the students. Consequently,
if high school physics is to remain competitive
with other disciplines, then introductory science
courses in the lower grades deserve greater empha-
sis. Therefore the preparation of elementary and
junior high science teachers in the physical
sciences is of crucial importance. Also there is
need for establishing a better rapport with the high
school counselors.

In the third study Walter Elliotl5 obtained data
from approximately one-half of students registered in
physics in the public schools of California during 1967-
68, and about one percent of California students not
taking physics. He also obtained data relevant to the
physics teachers which he attempted to correlate with
the data obtained from students. Elliot reported:

The 2438 nonphysics students were about evenly
divided on the basis of sex. Eighty-eight percent
were B or C students; 91% ranked themselves in the
upper two thirds of their graduating class: and 74%
planned further academic work after graduation. The
predominant reasons given for not enrolling in phy-

sics were lack of interest and fear that physics
was too difficult, in this order.

Lyalter Elliot, "Perceptions of High School
Physics and Physics Teachers, " The Physics Teacher, 9:37,
January, 1971.
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Elliot1® further reported:

The 10,528 physics students were predominantly
male (81l.5%), 83% were A or B students, 93% ranked
themselves in the upper two thirds of their gradu-
ating class; and 92% planned further academic work
after graduation. Their reasons for enrolling in
physics were anticipated need in college and inter-~
est in physics, in this order.

Though the three studies discussed have the most
relevance to the present study, they also leave some
questions unanswered. Snelling and Boruch have sug-~
gested that more than half the science graduates they
studied decided before Grade IX +hat they were going to
take up a science career. Elliott/ studied the rela-
tionships between high school students and their
teachers. The writer asked, may it not be more impor-
tant to examine the students® perceptions of their
junior high teachers and experiences? The study of
Elliotl8 was concerned with a relatively small sample

of students not taking physics. This group {(at the

Grade XIT level) can make up to 80% of the Alberta

161pid., p. 33.
171bid., pp. 33, 37.

181pig.
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population. Kruglak'sl9 study is concerned only with
college students. This would exclude approximately 75%
of the Alberta high school population.

E11liot20 claims that students do not enroll in
physics due to lack of interest, and Kruglak asks, as
one of five questions, "I had little interest in the
subject matter." 1In the present study it was proposed
to pursue this question of lack of interest into its
components and causes. If students do not take physics
because it does not interest them, why does it not
interest them?

Students in Alberta have a somewhat dif ferent
science experience than their counterparts in the United
States. In American schools physics is usually offered
as an option at the Grade XII level, or less frequently
at Grade XI. The subject is offered as an option at
Grades X, XI, and XII in Alberta, and all Grade IX stu-

dents must take physical science.

l9Kruglak, op. cit., pp. 394-95,

20Elliot, op. cit., pp. 33, 37.
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It is hoped that the bresent study has been able

to investigate more thoroughly the reasons why Calgary

Juit e

students have interest, or lack of nterest, in physics.
Canadian studies are lacking, and the Alberta student

population would appear to have somewhat different phy-

sics exposure than their American counterparts.,




Chapter 3

EXPERIMENTAL DESIGN

OBJECTIVE OF THE STUDY

It was proposed that a survey instrument in the
form of a questionnaire be constructed to be adminis-
tered to the subject population to ascertain mechanical
or objective, and affective reasons why some Grade XII

students enroll in physics and others do not.

SUBJECTS OF THE STUDY

Students enrolled in at least their third year of
high school and also enrolled in at least one Grade XII
subject and hereafter referred to as Grade XII students
were the subjects of the investigation. The subjects
amounted to 871 (14.5%) of the approximately 6,000
Grade XII students enrolled in the Calgary Public School
District No. 19 during the second semester of the 1970-71
school year. Subject students enrolled in, or having
credit in, Grade XII physics totalled 403, which is

approximately 46% of the survey group of 871 persons.

31
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Of the 6,000 Grade XII students, 1,613 (27%) wrote
Grade XII physics. The survey group of 403 physics
students made up 25% of the 1,613 students writing

Grade XII physics in 1970-71.

DEVELOPMENT OF THE INSTRUMENT

Permission was sought and obtained from the
principal of a large composite high school (1,190 stu-
dents) in the Calgary Public Scheol system to conduct

Grade XIX

iy

interviews with a broad cross-section o
stgdents° Facilities were generously made available
during May of 1971 for the writer to conduct half-hour
tape~recorded interviews with 28 students. Names of

)

likely prospects were suggested by the guidance depart-
ment Head, who approached them and cbtained the required
number of volunteers for the interviews. The school
draws from a section of the city which includes a wide
spectrum of socio-economic backgrounds among its stu-
dents. Of the students interviewed, there were approxi-
mately equal numbers enrolled in Grade XII physics and
those not so enrolled. Within these categories, equal

numbers of males and females were interviewed. Among
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the students interviewed not enrolled in physics were
several whose science experience at the high school
level was at the minimum level set by the Department
of Education in their Senior High School Handbookl for
high school graduation with diploma, in Alberta. That
is, they had obtained credit but not necessarily a
passing grade in a single, half-year, three-credit
course in science.

The interviews generally yielded students'
reasons for taking or not taking physics, and explored
their attitudes toward physics, toward science teaching,
toward science teachers, and toward their Junior high
science experiences.

Students were exceedingly frank and communicative
in the interviews, which make an interesting study in
themselves.

The statements made by the interviewees were
transcribed during three hearings of the tapes. The

statements were then categorized into those of fact or

lAlberta, Senior High School Handbook (Edmonton:
Queen's Printer, 1971), p. 25.
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those of opinion. Twenty-nine of the most important
and often-made statements of fact, and 41 of the most
frequently made statements of opinion were assembled

into a trial instrument.

CONSTRUCT VALIDATION OF THE INSTRUMENT

Permission was requested from, and granted by,
the principal of the same school to administer the trial
instrument to one group of students enrolled in Physics
30 and to a group of equal size not so enrolled. This
was done in the latter half of May. Following the
administration of the trial instrument the writer spent
more than an hour with each of the groups discussing
their reactions to and criticisms of the trial instru-
ment.

The writer then analyzed the responses of the
groups to the individual items of the trial instrument.
Poorly worded or unsatisfactory items were re-worked or
deleted. Sixty-four items survived.

At this point the revised instrument was sub-
mitted to Dr. Carl Safran, Superintendent of Special

Services for the Calgary Public School Board, and to
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his associates, Dr. C. Sangster, Assistant Superinten-
dent of Special Services and Mr. D. Feltham, Supervisor
of Guidance, for their suggestions. They concurred in

the construct validity of the instrument as revised.
THE INSTRUMENT

The revised instrument, entitled '"Grade XII Physics:
Why Take It? Wwhy Not?," was planned for self-
administration, with responses to be recorded on an IBM
optical scan score sheet (see Appendix A). The 29
statements of Part A were deemed to be factual, and the
subjects were requested to respond "true," "false," or
"don't know," as each applied to them. The statement
#15 provided a division point for the subjects. This
statement reads, "I have credit in Physics 10." Those
subjects answering "false" (no) to this statement could
not be enrolled or have credit in Physics 30, 30X, or
32. Physics 10 is a prerequisite for such enrollment.?

Subjects not having credit in Physics 10 were to respond

2Alberta, Senior High School Handbook,
1971b-12.
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to statements 16, 17 and 18, which sought for reasons
for no credit in Physics 10, and then they were expected
to go on to Part B, the attitude portion of the instru-
ment. Subjects responding "true" (yes) to statement 15
went on to statements 19 to 23, which explore objective
reasons for obtaining credit in Physics 10. Statement
24, "I have credit in, or am now enrolled in Physics 30,
or 30X, or 32," provided another division point for the
remaining subjects. Those subjects answering “"false"
(no} to the statement went on to complete responses to
statements 25 and 26 before going on to Part B. State-
ments 25 and 26 offered possible reasons for not taking
physics, even though credit had been obtained in Physics
10. Subjects responding "yes" to statement 24 com-
pleted responses to statements 27, 28 and 29 concerning
reasons for taking Physics 30, 30X, or 32, before going
on to Part B of the questionnaire.

Part B of the questionnaire consists of 35 state-
ments in the words of interviewed students. The sub-
jects were expected to respond to the statements on a
modified Likert scale. The statements may be grouped

into four categories. One category refers to attitudes
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of students toward physics, another, attitudes toward
the way science is taught, another, the attitudes
toward science teachers, and the last, the attitudes of
the subjects toward their science experience in junior

high school.

QUESTIONS TO BE STUDIED

With the development of the guestionnaire com-
pleted, it was possible to expand the objective of the
study into the questions to be studied. These questions

are two in number, each with subsidiary questions:

Question I

What are the "mechanical" (objective) reasons
selected by Grade XII students for enrolling or
not enrolling in physics at the high school level?

Sub-Question I-a. What reasons related to career

are selected by Grade XII students for enrollment
or non-enrollment in high school physics?

Sub-guestion I-b. What have the students been told

about physics, and about its relationships to the

other sciences?
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Sub-Question I-c. What counselling advice has

been given students regarding enrollment in high
school sciences? L e

Sub-Question I-d. What reasons for their deci-

sion do students select who did not gain credit
in Physics 107?

Sub-Question I-e. What reasons for the decision

to take Physics 10 were selected by those students
who obtained credit in Physics 107?

Sub-Question I-f. What reasons for their deci-

sion were selected by students who did not take
Grade XII physics, though they had the prerequi-
sites?

Sub-Question I-g. What reasons for their decision

were selected by students who elected to enroll in

Grade XII physics?

Question II

What are the affective reasons, as related to

attitudes, perceived by Grade XII students for

enrolling or not enrolling in Grade XII physics?
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Sub-Question II-a. What are the attitudes toward

physics, toward science teaching, toward science
teachers, and toward their junior high science
experiences of the group of all subjects sur-
veyed?

Sub-Question II-b. What are the differences in

attitudes toward physics, toward science teach-

ing, toward science teachers, and toward their
junior high science experiences of the groups who
did or did not see a need for physics for their
career?

Sub-Question II-c. What are the differences in

attitudes toward physics, toward science teaching,
toward science teachers, and toward their junior

high science experiences of the groups who have

or have not heard certain statements about physics?

Sub-Question II-d. What are the differences in

attitudes toward physics, toward science teaching,
toward science teachers, and toward their junior
high science experiences of the groups who have

been counselled in differing ways?
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Sub-Question II-e. What are the differences in

attitudes toward physics, toward science teach-
ing, toward science teachers, toward their junior
high school science experiences of the groups who
did or did not obtain credit in Physics 10 and
who selected various reasons for their decision?

Sub-Question II-f. What are the differences in

attitudes toward physics, toward science teaching,
toward science teachers, and toward their junior
high school science experiences of the groups who
had credit or were enrolled in Grade XITI physics
or who did not have credit or were not enrolled
in Grade XII physics, and who gave various reasons
for their decisions?

Sub-Question II-g. What are the differences in

attitudes toward physics, toward science teaching,
toward science teachers, and toward their junior
high school science experiences of the groups of

females and males?
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SELECTION OF THE SUBJECTS

Permission had been obtained from the principals
of seven high schools of the Calgary Public School
system for administration of the instrument to Grade XII
students on a voluntary, self-administration basis.
These seven schools are a cross-section of the fourteen
high schools of the system. The schools include compo-
site high schools with balanced enrollments of
academically and vocationally oriented students, and
academic high schools without vocational facilities
(other than business education) sending a high proportion
of their students to college and university, and compo-
site high schools with high proportions of vocationally
career-oriented students. Ages of the schools vary
from one several decades old to one completed in the
last two years. The socio-economic regions from which
students are drawn run the full gamut from "affluent®

to "deprived."
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PROCEDURE

The revised instrument entitled "Grade XII
Physics: Why Take It? Why Not?" was distributed in
numbers sufficient for administration to all Grade XII
students in the seven selected schools. Twenty-five
hundred copies of the instrument were distributed,
together with an equal number of optical score sheets
#505, for IBM 1130 computer. The science department
heads in the schools volunteered to distribute and to
co-ordinate the administration of the instruments and
to return the completed score sheets. This was com~

pleted in the second week of June.

DATA ANALYSIS

After the 1231 completed IBM optical score
sheets were returned the investigator examined each
one for accuracy of completion and for assurance that
they could be scored accurately by the scorer attach-
ment of the IBM 1130 computer operated by The Univer-
sity of Calgary Engineering Data Center. This process

reduced the number to a total of 871 score sheets
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distributed by school, as follows: School A - 43;
School B - 64; School C - 88; School D - 256; School E -
124; School F - 100; and School ¢ - 186,

The score sheets were then scored at the Data
Center, and IBM cards were cut automatically at the
same time. Using a program from the Data Center files,
modified by the Center Supervisor, print-outs were
produced to yield statistics suitable for analysis in
line with the questions to be studied.

Print-out I yielded choice distributions and
percentages for each of the 64 items of the guestionnaire
for all 871 respondents.

Print-out II gave choice distributions and per-
centages for all 64 items, for each of the responses
"ves" or "no" for each of the items 1-29 inclusive.
This print-out, through a special sort, gave choice
distributions and bercentages for all 64 items for
those not responding to item 24. These latter persons
were those not having credit in Physics 10, and thus were
asked not to respond to item 24,

Print-out III yielded choice distributions and

percentages for all 64 items for the 217 males and
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213 females who so identified their score sheets.

Consultations with Mr. D. Morris, Assistant

Superintendent of Elementary Schools, Calgary Public

School Board, were instrumental in developing the

approach taken by the writer to the statistical pro-

cedures instituted with the

data.

Two conditions in the construction of the ques-—

tionnaire and in the make-up of the population to which

it was applied indicated the use of non-parametric

techniques in the analysis,
the attitude portion of the

" "don't know" response

"no,
reasons section are ordinal
the sample was a sub-set of
population. Siege12 says:

At the risk of being

The Likert scale used in
instrument and the "yes,"
system of the mechanical
scales. The population of

a sub-set of the universal

excessively repetitious,

the writer wishes to emphasize here that parametric
statistical tests, which use means and standard

deviations (i.e., which

require the operations of

arithmetic on the original scores), ought not to be
used with data in an ordinal scale.

2Sidney Siegel, Nonparametric Statistics for the

Behavioral Sciences (Toronto:

1956), p. 26.

McGraw-Hill Book Company,
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Siegel3 says, further: "A nonparametric statis-
tical test is a test whose model does not specify condi-
tions about the parameters of the population from which

the sample was drawn."

Hypotheses Tested

In line with the questions to be studied and the
data obtained, the following hypotheses were tested in
the study:

Hypothesis I. For the choices (true, false,

don't know) of the 871 subjects to items 1-15
inclusive of the instrument:

Hy there is no difference among the expected
percentage of responses for each of the three
choices, and any observed differences are merely
chance variations to be expected in a random
sample from the rectangular population where

f1 = £2 = f3.

H; (alternative hypothesis) the percentages of
responses for each of the three choices are not
equal.

Hypothesis II. For the choices (no response,

true, false, don't know) of the 871 subjects to

item 24 of the instrument:

31bid., p. 31.
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Hy there is no difference among the expected
percentages of responses for each of the four
choices, and any observed differences are merely
chance variations to be expected in a random
sample from the rectangular population where

£1. =1, = £5 = £,

Hi the percentages of responses for each of the
four choices are not all equal.

Hypothesis III. For the choices (true, false,

don't know) of the varying numbers of subjects
to items 16-29 inclusive of the instrument:

Ho there is no difference among the expected
percentages of responses for each of the three
choices, and any observed differences are merely
chance variations to be expected in a random
sample from the rectangular population where

£f1 = £ = £f3

Hj the percentages of responses for each of the
three choices are not all equal.

Hypothesis IV. For the choices (agree strongly,

agree mildly, cannot decide, disagree mildly,
disagree strongly) of the 871 subjects to items
30-64 inclusive of the instrument:

Ho there is no difference among the expected
bercentages of responses for each of the five
choices, and any observed differences are merely
chance variations to be expected in a random
sample from the rectangular population where

fl = f2 = f3 = f4 = f5

H;j the percentages of responses for each of the
five choices are not all equal.
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It should be noted that the Hypotheses I, II and
I1I were derived from Question I, Sub-Questions Ia-Ig,
inclusive. Hypothesis IV was derived from Question II,
Sub-Question IIa. The data associated with these
Hypotheses and Questions was from print-out I.

From Question II, Sub-Questions IIb-IIg, inclu-
sive (data of print-outs II and III) 32 X 35 (1120)
similar null hypotheses were derived. That is, there
is a null hypothesis for each of the 35 items of Part B
of the instrument that was tested against the two groups
responding "yes" or "no" to items 1-23 inclusive and
items 25-29 inclusive, and the two groups responding

"yves" or "no" to item 24, and the two groups responding
"ves" and "no response" to item 24, and the two groups
responding "no" and "no response" to item 24, and the
two groups comprised of females and males.

The form only of the 1120 null hypotheses and
alternative hypotheses is given--Null Hypothesis V
(an example, the 496th Hypothesis is used)

Hypothesis V.

Hy the percentages of students having credit

in Physics 10 (item 15 "yes") who agree strongly,
agree mildly, cannot decide, disagree mildly,
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disagree strongly with the statement (item 30)
"You have to be good in Mathematics to be good
in Physics" is the same as the percentages of
students not having credit in Physics 10 who
agree strongly, agree mildly, cannot decide,
disagree mildly, or disagree strongly with the
statement (item 30) "You have to be good in
Mathematics to be good in Physics, " and any ob-
served differences are merely chance variations.

Hi the percentage of students having credit in
Physics 10 (item 15 "yes") who agree that "You
have to be good in Mathematics to be good in
Physics" (item 30) is significantly greater (at
the .01 or .05 level) than the percentage of
students not having credit in Physics 10 who agree
that "You have to be good in Mathematics to be
good in Physics" (Item 30).

Statistical Tests

The Kolmogorov-Smirnov one-~sample, two~tailed
test? was chosen to test the null hypotheses I, II, III
and IV, using the data from print-out I. The writer
chose this test because he wished to compare the observed
distribution of responses to the 64 items of the ques-—
tionnaire with the theoretical distribution that would
have been obtained if the distribution had been due to
chance. TItems for which Hy would have to be accepted

were to be deleted from further consideration. The .01

4Siegel, op. cit., p. 47.
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et

choice distributions for items 1-23 inclusive, and for
items 25-29 inclusive. The test was also applied to the
cumulative percentage choice distributions for each of
the 35 pairs of attitude statements for each pair of
"yves-no," "yes-no response® and no-no response' choice
distributions for item 24. The test was also applied to

the cumulative percentage choice distributions of each
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of the 35 pairs of attitude statements (30-64) inclu-
sive) for each pair of the "female-male" choice dis-

tributions.

The tests were run on the PDP-8 DIGITAL computer
by the writer, using programs devised by the writer

based on the formulas of Siegel.®

61bid., p. 134.



Chapter 4

ANALYSIS OF THE DATA

INTRODUCTION

The present study is designed to determine the
reasons why Grade XII students elect to enroll in Grade
XIT physics, or not to so enroll. In this chapter the
treatment of the data is described. Findings to each
of the questions and sub-questions in Chapter 3 are

reported.

PRESENTATION OF THE FINDINGS

Question I

What are the "mechanical” (objective) reasons
selected by Grade XII students for enrolling or
not enrolling in physics at the high school level?

Null Hypothesis I. The absolute and percentage

choice distributions of students responding true (yes),
false (no), and don't know for items 1-15 inclusive of
the questionnaire are presented in Table ITIT. These

data are from computer print-out I. Sub-questions Ia,

51
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Ib and Ic apply to this section. Null hypothesis I was

derived from the sub-questions Ia, Ib and Ic.
HoI. For the choices (true, false, don't know)
of the 871 subjects to items 1-15 inclusive of
the instrument, there is no difference in the
expected percentage of responses for each of the
three choices, and any observed differences are
merely chance variations to be expected in a
random sample from the rectangular population
where fl = f2 = f3

H;I. The percentages of responses for each of
the three choices are not all equal.

The hypothesis was tested by the application of
the Kolmogorov-Smirnov one-sample, two-tailed test.
The Dpax for significance at the .01l level of probability
was calculated to be .055 for each of the items 1-15
inclusive. All values of Dpgy (see Table III) were greater
than this value and the null hypothesis was rejected and
the alternative hypothesis was accepted for the choice
distributions and percentages of responses for items 1-15
of the questionnaire.

Sub-Question Ia. What reasons related to career

are selected by Grade XII students for enrollment
or non-enrollment in high school physics?

The career reasons are related to the responses

to items 1, 2, 3 and 4 of the questionnaire as reported
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in Table III. Though 46.3% of the sample population had
credit in, or were enrolled in, Grade XII physics, only
32.6% felt they needed it for enrollment in university,
and 35.8% felt that they needed it for their further
education. A surprising 25.8% agreed that they needed
physics for enrollment in an Institute of Technology.

It seems likely that some of the subjects agreed both
that they needed physics for enrollment in university
and for an Institute of Technology, due to some lack of
firmness in their future educational plans. Reference
to item 29, Table IV (page 62), shows that 62.6% of
Grade XII physics students were enrolled in the subject
because of vague career plans, hoping to keep alterna-
tives open. There appear to have been very few subjects
with credit in, or who were enrolled in, Grade XII

physics who did not associate this with a career reason.

Summary, Sub-question Ia. What reasons, related

to career, are likely to be selected by a typical Grade

XII student, for enrollment or non-enrollment in physics?

The student enrolled in physics would be most likely to
need it for further education, probably university or

Institute of Technology. The student would be very
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unlikely to be enrolled in physics without having a
career reason in mind.
Sub-Question Ib. What have the students been

told about physics, and about its relationships
to the other sciences?

This sub-question is related to the responses to
items 5, 6, 7, 11, 12 and 13 of the questionnaire, as
reported in Table III. Only 23.8% of the subjects had
been told that physics is a subject for boys, but 67.7%
had been told that physics is a very difficult subject.
Students not confident in their intellectual powers were
not being encouraged to attempt physics. And 69.2% of
the subjects had been told that they needed to be good
in mathematics to be good in physics. It is perhaps
surprising to see that while 53.5% of students had been
told that chemistry goes with biology, only 41.1% had
been told that chemistry goes with physics. Only 6.2%

of the subjects were told that biology goes with physics.,

Summary, Sub-guestion Ib. What has a typical

Grade XII student been told about physics and its rela-
tionships to the other sciences? The student is highly

likely to have been told that physics is a difficult
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subject, that he needs to be good in mathematics to be
good in it, and that chemistry goes best with biology.
The student is very unlikely to have been told that

physics goes with bioclogy, or that it is a subject for

boys.

Sub-Question Ic. What counselling advice has been
given students regarding enrollment in high school
sciences?

This sub-question relates to the responses to
items 8, 9, 10 and 14 of the questionnaire as reported
in Table III. The very considerable number of 64.6% of
students reported that the junior high counsellor left
the choice of high school sciences to their clients.
Twenty-three point seven percent of subjects reported
that their junior high counsellor advised them to take
Physics 10, while the smaller number, 16.8%, reported
that their high school counsellor had advised them to
take Physics 10. Although the matriculation diploma
from high school was discontinued more than 12 years
ago in Alberta, 76.6% of students reported that they
had been told that they needed two sciences for "matric."

Some faculties and schools of some universities and
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colleges specify two sciences as part of their entrance
requirements, but in general item 14 is an untrue or
at least imprecise statement. Yet 76.6% of students

say they have been told this.

Summary of Sub-guestion Ic. What counselling

regarding high school sciences has a typical Grade XII
student received? The student is most likely to have
been allowed to make up his own mind about his selec~
tion of high school science. The student is unlikely
to have been advised by his junior high counsellor,
and less likely to have been advised by his senior
high counsellor, to take physics in high school. The
student is highly likely to have been incorrectly
advised that he needs two high school sciences for

"matric."

Null Hypotheses II and III. The absolute and

percentage choice distributions of students responding
"true" (yes), "false" (no), and "don't know" for items
16-29 inclusive of the questionnaire are presented in
Table IV, which was derived from Table III. Table III

gives absolute and percentage choice distributions of
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TABLE IV

PARTIAL POPULATION CHOICE DISTRIBUTIONS,
RELATED TO SUB-QUESTIONS Id, Ie, If, Ig

Absolute Numbers Percentages
Item 1 2 3 1 2 3 Dmax Dmax for
.01 sig.
16 105 159 29 35.8 34.2 9.8 .234 .085
17 205 70 18 69.9 23.9 6.1 .366 .095
18 97 156 24 35.0 56.3 8.6 .282 .098
19 213 380 18 34.8 62.2 2.9 .304 .066
20 178 366 53 29.8 61.3 8.9 .245 .067
21 51 451 51 15.3 76.0 8.2 .247 .067
22 279 271 44 47.0 45.6 7.4  .260 .067
23 247 279 65 41.8 47.2 11.0 .224 .067
24 403 200 0 66.8 33.2 0.0 .335 .066
25 79 120 14 37.1 56.3 6.6 .268 112
26 24 155 33 11.3 73.1 15.6 .220 .112
27 223 114 28 61.1 31.2 7.7 .278 .085
28 76 255 26 21.3 71.4 7.3 .261 .086
29 219 113 18 62.6 32.3 5.1 .293 .087

Note: Choice distributions (absolute and percentages)
of responses for items 16-29 of questionnaire
"Grade XII Physics: Why Take It? Why Not?" for
various numbers of subjects responding "yes,”
"no," "don't know."
Data of print-out I.
Dmax for each item.
Dmax for .01 level of significance
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students responding "no response," "true" (yes), "false"
(no), and "don't know" for items 16-29 inclusive. How-
ever, the only item for which the "no response" category
was needed was item 24. In all the other cases, items
16-29 inclusive, it was only necessary to deal with the
sub~groups of "yes," "no" and "don't know." Sub-
questions Id, Ie, If and Ig apply to this section. Null
hypothesis II and null hypothesis III are derived from

the sub-questions.

HoII. For the choices (no response, true, false,
don't know) of the 871 subjects to item 24 of the
instrument, there is no difference among the ex-
pected percentages of responses for each of the
four choices, and any observed differences are
merely chance variations to be expected in a ran-
dom sample from the rectangular population where
£f1 = £ = £53 = fyq

HiII. The percentages of responses for each of
the four choices are not all equal.

HoIII. For the choices (true, false, don't know)
of the varying numbers of subjects to items 16-

29 inclusive of the instrument, there is no
difference among the expected percentages of
responses for each of the three choices, and any
observed differences are merely chance variations
to be expected in a random sample from the rectan-
gular population where f1 = £y = £3

HyIII. The percentages for responses for each of
the three choices are not all equal.



64

Null hypothesis II was tested by the application
of the Kalmogorov-Smirnov one-sample, two-tailed test
to the cumulative percentages of "no response," "true"
(yves), "false" (no), and "don't know" responses for
item 24 (Table III). The Dpax was calculated to be .055
for significance at the .0l level of probability. The
Dmax for item 24 was calculated to be .251 (Table III)
and the null hypothesis was rejected and the alternative
hypothesis was accepted.

Null hypothesis III was tested by the application
of the Kalmogorov-Smirnowv one-sample, two-tailed test to
the cumulative percentages of "true" (yes), "false" (no),
and "don't know" Tesponses for items 16-29 inclusive
(Table IV). The Dmax for significance at the .01 level
of probability was calculated for each item, as was the
actual Dpax, and is shown in Table IV. For all items
16~29 inclusive each Dmax is greater than the Dpax for
.01 significance and the null hypothesis was rejected
and the alternative hypothesis accepted.

Sub-Question Id. What reasons for their deci-

sion do students select who did not gain credit
in Physics 107?
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The reasons for decision are related to the
responses to items l6, 17 and 18 of the questionnaire,
reported in Table IV. From Table III, item 15, it is
shown that 279 students, that is 32.0%, reported not
receiving credit in Physics 10. Not receiving credit
usually means that the student has never enrolled in
the course, though for a few it might mean that they
obtained so low a mark that credit could not be obtained.
The most popular reason selected for no credit in
Physics 10 was not needing the subject for one's career.
Of the 279 students, 69.9% selected this response. The
other two reasons selected, needing biology or chemistry
and deciding not to take physics, each received approxi-

mately 35% of the choices.

Summary, Sub-question Id. What reason would a

typical student select for not gaining credit in Physics
10?2 The most likely reason selected would be not need-
ing physics for his career. The student would be unlikely

to advance the need for chemistry or biology as a reason

for not taking physics.
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Sub-Question Te. What reasons for the decision
to take Physics 10 were selected by those stu-
dents who obtained credit in Physics 107?

This sub-question relates to the responses to
items 19, 20, 21, 22 and 23 of the questionnaire as
reported in Table IV. Of the total of 871 subjects,

588 (67.5%) (Item 15, Table III) signified that they had
credit in Physics 10. These students were reporting on
the situation as they saw it in the 1968-69 school year.
The most popular reason selected for taking Physics 10
was, with 47.0%, "I thought I needed it for my career."
Next in popularity with 41.8% was "I took Physics 10,
though I didn't need it for my career." More interest-
ing, perhaps, was third choice with 34.8% of "I had no
choice, I had to take Physics 10." The 29.8% of stu-
dents who said, "Biology didn't appeal to me, so I took
Physics 10" is next. The absolute number, 178, of
those responding "yes" to the latter item might indi-~
cate that relatively few students turn to phySics
because of a dislike for biology. The smallest per-
centage, 15.3, took physics as an interim measure
because they could not enroll in the science of their

choice in their first high school year.
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Summary, Sub-question Ie. What reasons for this

decision to take Physics 10 would be selected by a typi-
cal student? The student would be most likely to select
need for physics in his career. He would be less likely
to have taken physics because he had been forced to, or
because he rejected biology or chemistry.

Sub-Question If. What reasons for their decision

were selected by students who did not take Grade
XIT physics, though they had the prerequisites?

This sub-question relates to the responses to
items 24, 25 and 26 of the questionnaire as reported in
Table IV. Five hundred and eighty-eight of the subjects
indicated that they had credit in Physics 10 (item 15,
Table III). However, 403 subjects indicated enrollment
in, or credit in, Grade XII physics. Why did 31% of
the students who obtained credit in Physics 10 reject
physics in Grade XII? The most popular reason selected
was "I don't have room in my timetable for Physics"
with 37.1%, followed by "I dropped Physics when the
universities changed their entrance requirements in
some faculties and schools from six courses to five"

with 11.3%.
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Summary, Sub-question If. What reasons would a

typical student be likely to select for not taking
physics, though they had the prerequisites? The typi-
cal student would he likely to select not having room
in their timetable, over dropping physics due to
university entrance requirement changes, but not
either of these reasons appear to be the primary ones.
Sub-question Ig. What reasons for their deci-

sion were selected by students who elected to
enroll in Grade XII physics?

This sub-qguestion relates to the responses toO
items 27, 28 and 29 of the guestionnaire, as reported
in Table IV. The most popular reason selected was
"T'm taking Physics because my career plans are vague,
and I want to keep as many doors open as possible,"
with 62.6% of the 403 subjects agreeing. Almost
equally popular was, with 61.1%, “I'm taking Physics
because I have the prerequisites." Last in popularity,
with 21.3% "vyes," was "I'm taking Physics to £fill out

my timetable.™
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Summary, Sub-question Ig. What reasons would a

typical student be likely to select for enrolling in

Grade XII Physics? The student would be most likely to f;&
be enrolled in Grade XII Physics for career reasons

(keeping future educational alternatives open), and

because he had the prerequisites. He is unlikely to

be, but could be enrolled purely for the credits--to

fill out his timetable.

Question IT

What are the affective reasons, as related to
attitudes, perceived by Grade XII students for
enrolling or not enrolling in Grade XII Physics?

Null Hypothesis IV. The absolute and percentage

choice distribution of students responding "agree
strongly," "agree mildly," "cannot decide," "disagree
mildly," "disagree strongly" for items 30-64 inclusive
are presented in Table III (page 52). These choice
distributions were re-grouped by attitude object and are
presented in re-grouped form in Table V. (The ques-
tionnaire statements, re-grouped by attitude object,

are presented in Appendix B.) These data are from

computer print-out I. Sub-question IIa applies to this
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section. Null hypothesis IV was derived from sub-
question IIa.

HoIV. For the choices (agree strongly, agree
mildly, cannot decide, disagree mildly, disagree
strongly) of the 871 subjects to items 30-64
inclusive of the instrument, there is no differ-
ence among the expected percentages of responses
for each of the five choices, and any observed
differences are merely chance variations to be
expected in a random sample from the rectangular
population where f1 = £y = f3 = f4 = fg.

HiIV. The percentages of responses for each of
the five choices are not all equal.

Null hypothesis IV was tested by the application

of the Kalmagorov-Smirnov one-sample, two-tailed test to

the cumulative percentage of "agree strongly," "agree
mildly," "cannot decide," "disagree mildly," "disagree
strongly" responses for items 30-64 inclusive. The Dmax

for significance at the .0l level of probability was
calculated for the 35 items (the same for all) and was
found to be .055. The Dpayx for each item was calculated
and these are shown in Table V. For all items 30-64
inclusive each Dpax was found to be greater than .055,
and thus the null hypothesis was rejected and the

alternative hypothesis accepted.
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Sub-gquestion ITa. What are the attitudes toward
physics, toward science teaching, toward science
teachers, and toward their junior high school
science experiences of the group of all subjects
surveyed?

This sub-question does not relate directly to the
attitude reasons selected by students who do or do not
enroll in Grade XII Physics. However, detailed analysis
reveals the attitudes held in common by all students
surveyed. The detailed analysis is reported in Appendix
E. The summary of the attitudes of a typical Grade XIZI
student is based on the detailed analysis. Readers
wishing to verify the basis for statements in the sum-
mary are referred to the detailed analysis and to
Table V (page 70).

The Dpax's for the items related to attitudes
toward physics, toward science teaching, toward science
teachers, and toward junior high school science experi-
ences were averaged for each attitude object, and are
presented in Table V. The largest average Dpax (-273)
was found for the attitude toward science teaching.

This may be interpreted to mean that the greatest

unanimity of attitude among the entire subject
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population was toward this attitude object. This was
confirmed by an examination of Table XIV (Appendix D)
(significant choice distributions by variables and
attitude object) which shows that there are fewer sig-
nificant differences between groups who are identified
by this attitude object than for the groups identified
for the other three attitude objects. That is to say,
there are fewer identifiable groups (or more unanimity
of attitude in the whole group of 871) for attitudes
toward science teaching than toward the other three
attitude objects.

The average Dpax for attitudes toward science
teachers was found to be .248, also high., This atti-
tude object also had few identifiable groups by variable
(Table XIV, Appendix D) and hence a high unanimity of
attitude among the total subject population of 871.

The average Dpax for attitudes toward physics
was found to be .173, indicating a low unanimity of
attitude in the subject population. This was confirmed
by the large number of significantly different groups

by variable identified by Table XIV (Appendix D).
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The lowest average Dpay was found to be .169
for attitudes toward junior high school science experi-
ences, indicating least unanimity of attitude toward
this attitﬁde object. This was confirmed by the large
number of significantly different groups by variable
revealed by Table XIV (Appendix D).

To summarize, students have the greatest unanimity
of opinion and are most strongly polarized in their
attitudes toward science teachers and toward science
teaching. They are much less strongly polarized, and
have more diversity of opinion toward physics and junior

high school science experiences.

Summary, Attitudes.Toward Physics. What would

be the attitudes of a fairly typical Grade XII student
toward physics? He would likely be strongly convinced
that he needs to be good in mathematics to be good in
physics, that chemistry goes best with biology and that
there is little connection between physics and his
choice of career. The fictional student would be likely
to feel strongly that biology is more appealing than

physics, and that physics is mostly a bunch of formulas.
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He would probably be convinced that physics is slanted
toward boys and is one of the most difficult subjects.
He might or might not be sure that physics deals with
things the averéée person needs to know, or whether the
most interesting part of the subject is the problem
solving, but he would be likely to feel that a person

need not have studied physics to be well educated.

Summary, Attitudes Toward Science Teaching. What

would a fairly typical student feel about science teach-
ing? He would believe strongly that you have to know
science to teach it well, and that writing notes on the
board is poor instructional practice, as is a lecture
approach. He would be more likely to be ambivalent
toward demonstrations as compared to experiments and to
a ray diagram approach to teaching optics. He would
feel strongly that his science courses ought to prepare
him for a career, that they have enough experiments,
and that the labs seem to relate to the course. Though
he would be likely to think that one ought to go on
field trips often, he might disagree, or have no

opinion. He would be more likely than not to agree
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that Grade XII teachers ought to teach for finals most

of the year.

Summary, Attitudes Toward the Science Teacher.

What expectation would a typical student have of his
science teacher? He would have a strong expectation
that the science teacher will attempt to get students
involved in the subject, and that he will have the
skill and patience (and depth of knowledge) to explain
his subject matter simply. The science teacher would
be expected to be approachable without showing favori-
tism, humble (remembering his own lack of knowledge at
one time), not strict in class but probably forceful
and thorough. The student would likely have strong
expectations that the science teacher have a sense of

humor and be enthusiastic about the laboratory work.

Summary, Attitudes Toward Junior High School

Science Experiences. What attitudes would the typical

Grade XII student have toward his junior high school
science experiences of 4, 5 and 6 years before? As
might be expected, his attitudes here would be less

well defined (remembered). oOur fictitious student's
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memory of the styvle of Grade IX instruction, while poor,
would most likely be to agree that it was mostly arid,
"read the chapter and made notes, " though this does not
seem to have determined whether he took physics or not.
Our typical student, not surprisingly, would not feel
that there was any too much laboratory work in junior
high; as a matter of fact he would feel that the best
part of junior high science was working with apparatus.
He would be slightly more likely to have found Grade
VIIZI science, including the study of rocks, more fun
than he found Grade VIII English. He would be slightly
more likely to have found the study of internal com-
bustion engines in Grade IX more interesting than
boring, but this depends on which of 10 pairs of groups
we might find him in. Finally, he would be more likely
to have found Grade VII plant study interesting than not,
though this also depends on which group he would find
himself in, in his selections from Part A of the ques-

tionnaire.

Null Hypothesis V. Tables Vi, VvII, VIII, IX, X,

X1 and XII present the significant percentage choice
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distributions of items 30-64 inclusive for each of the
32 pairs of variables, grouped by attitude object. The
32 pairs of variables are derived from the "ves"-"no"
responses to items 1-29 of the questionnaire, the "yes' -
"no response" to item 24, the "no"-"no response" to item
24, and the female/male responses. These data are the
data of print-outs II and III. Tables VI, VIiI, VIII,
IX, X, XI and XII are a re-organization of Table XIIT'
of Appendix C. Table XIII shows the same data as in
Tables VI-XII inclusive, though the percentage distri-
butions are for items in numerical crder, rather than
grouped by attitude object. Table XIII (Appendix C)
also lists pairs of percentage distributions found
significant at the .05 level, for the reference of
readers who wish to use this level of significance.
The analysis of data is confined to pairs of percentage
distributions significant at the .01 probability level
or less.

Sub-questions IIb, IIc, IId, IIe, IIf and 1lg
apply to this section. Null hypotheses 5-1124 (repre-
sented by the example of the 496th null hypothesis)

are represented in form by null hypothesis V.



81

HoV. The percentages of students having credit
in Physics 10 (item 15 "yes") who agree strongly,
agree mildly, cannot decide, disagree mildly,
disagree strongly with the statement (item 30)
"You have to be good in Mathematics to be good
in Physics" is the same as the percentages of
students not having credit in Physics 10 who
agree strongly, agree mildly, cannot decide,
disagree mildly, or disagree strongly with the
statement (item 30) "You have to be good in
Mathematics to be good in Physics," and any ob-
served differences are merely chance variations.

HiV. The percentage of students having credit in
Physics 10 (item 15 "yes") who agree that "You
have to be good in Mathematics to be good in
Physics" (item 30) is significantly greater (at
the .01 or .05 level) than the percentage of stu-
dents not having credit in Physics 10 who agree
that "You have to be good in Mathematics to be

good in Physics" (Item 30).

Null hypotheses 5-1124 as represented in example
form by H,V were tested by the application of the
Kalmogorov-Smirnov two-sample, one-tailed test to the
cumulative percentage choice distribution of each of the
35 pairs of attitude statements (items 30-64 inclusive)
for each pair of "yes-no" choice distributions for items
1-29 inclusive. The test was also applied to the cumu-
lative percentage choice distributions for each of the
35 pairs of attitude statements for each pair of "yes-

no response"” and "no-no response" choice distributions

for item 24. The test was also applied to the
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cumulative percentage choice distributions of each of
the 35 pairs of attitude statements for each pair of the
"female/male" choice distributions.

The application of the test described in the
preceding paragraph yielded a Dpgy for each pair of the
32 pairs of variables (choice distributions) for signi-
ficance at the .01 level of probability and at the .05
level of probability. These are listed by variable in
Table XIII (Appendix C). Only the Dpax's for .01
probability are listed by variable in Tables VI-XII.
The actual Dyyy for each of the 1120 pairs of cumula-
tive percentage distributions was calculated. For
pairs of cumulative percentage distributions in which
the Dpax exceeded the Dj., for .0l probability, the
null hypotheses were rejected at the .01 level and these
pairs of percentage choice distributions as well as the
calculated Dpgyy were listed in Tables VI-XII inclusive,
and in Table XIII, Appendix C. For pairs of cumulative
percentage distributions in which the Dppy exceeded
the Dpay calculated for .05 probability (but not as
great as .0l) the null hypothesis was rejected at this

(.05) level of probability and the pairs of percentage
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choice distributions together with the calculated Dpax
were listed in Table XIII, Appendix C.

The reader will note that the Dpgx's calculated
for the pairs of percentage distributions and shown in
Tables VII-XII inclusive (and in Table XITII, Appendix C)
are signed. A positive sign for Dpax for a pair of
cumulative percentage distributions indicates that the
maximum deviation (difference) between the cumulative
percentages of the distributions is such that the
cumulative percentage on the left exceeds the corres-
ponding cumulative percentage on the right. This means
that the subjects answering "true" (or yes) to one of
the items 1-29 (or "no" to item 24c, or the females)
have a greater percentage of agreement (or less dis-
agreement) than the subjects answering "false" (or no)
to the same item (or "no response" to item 24b or c,
or the males). Such an example would be null hypothe-
sis number 496 which refers to variable 15 and item 30
(Table IX, page 111).

From Table IX, the Dpax for .01 significance
was .110, and the Dpax for the two groups (left--"I

have credit in Physics 10" - "yes," right--"I have
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credit in Physics 10" -~ "no") is +.113. This may be
interpreted to mean the group of 588 subjects who
responded "yes" to "I have credit in Physics 10" (item

15) agree more (or disagree less) with the statement

"You have to be good in Mathematics to be good in
Physics" (item 30) than the group of 279 subjects who
responded "no" to the statement "I have cred;t in
Physics 10." The difference in cumulative pergentage
Oof agreement has a probability of less than .0l of
being due to chance. The actual figures are: 84.8%
of those having credit in Physics 10 agree with the
statemenf "You have to be good in Mathematics to be good
in Physics" as compared to 73.5% of those not having
credit in Physics 10 who agree with the statement. Both
groups agree with Item 30, but one group has a signifi-
cantly higher percentage of subjects agreeing than the
other.

The array of 1120 null hypotheses has been illus-
trated in Table XIV, Appendix D, where null hypotheses
rejected at the .01 level of probability or better have

been indicated by a double asterisk, *%, and null
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hypotheses rejected at the .05 (up to .01l) level of
probability have been identified by a single asterisk, *.
By grouping the attitude items according to attitude ob-
ject, the unanimity of the groups responding to items
related to science teachers and teaching and the lack of
unanimity (more significantly different groups) of groups
responding to items related to physics and junior high
science experiences is graphically clarified.
Sub-question IIb. What are the differences in
attitude toward physics, toward science teaching,
toward science teachers, and toward their junior
high science experiences of the groups who did

or did not see a need for physics in their
career?

This question is related to variables 1, 2, 3 and
4 of Table VI. Detailed analysis will be found in
Appendix E. Variables 1 and 3 produced the largest
number of significantly different pairs of percentage
distributions, mainly in response to statements about
physics. Moreover, variable 1 ("I don't need physics
for enrollment in a university") and variable 3 ("I
don't need physics for my further education") showed
significantly different percentage distributions on

identical items in attitude toward physics and in
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attitudes toward junior high school science experiences.
Variable 1 showed no significant differences in percen-
tage distributions in attitudes toward science teaching,
but showed two significant pai;s of percentage distribu-
tions in attitudes toward the science teacher. Variable
3 reversed this, with no significantly different groups
in attitudes toward the science teacher and with two
pairs of significantly different attitudes toward science
teaching. A suggestion is that most students responding
equated university enrollment with their further edu-
cation.

Variable 2 produced five significéntly different
pairs of percentage distributions, four with reference
to physics, one pair with reference to junior high
school science experiences. Significantly different
pairs of percentage distributions were shown by each of
the four variables for the same four attitude items
(37, 54, 60, 62), and with reference to physics.

Summary, Sub-guestion II-b. What would be the

differences in attitudes toward physics, toward

science teaching, toward science teachers, and
toward their junior high science experiences of

two typical students, one of whom needed physics
for career or further education and one who did

not?
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Both students would likely differ more in their
attitudes toward physics, and toward their junior high
science experiences, than toward science teaching or
teachers. Toward physics, the student needing physics
would find biology much less appealing and would see a
close connection between physics and his career. Both
students might not see a need for physics for a good
education, with the student not needing physics even
less likely to see a need than his counterpart. Simi-
larly, both students would be unlikely to believe physics
deals with things the average person needs to know and
the student not needing physics would be less likely to
believe. The student needing physics would be likely to
believe that physics is difficult, and the student not
needing physics would be somewhat more likely to feel
that way. Both students would likely disagree that the
interesting part of physics is the problem solving, with
the student not needing physics more likely to disagree.
Physics is mostly formulas would be likely to draw agree-
ment from the student needing physics, less agreement
and more no opinion from the other. Both students would

be likely to say chemistry goes with biology, but the
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student needing physics somewhat less likely than his
opposite. With reference to science teaching, both
students would be likely to approve of field trips, but
the student not needing physics would be more likely to
approve than the other. Both students would be likely
to disagree strongly that demonstrations by the teacher
are as useful as student experiments for student learn-—
ing, but the student needing physics would be not as
likely to feel strongly negative.

Both students would be likely to have similar
attitudes toward science teachers, agreeing that science
teachers need to remember that at one time they did not
know any science, though the student needing physics
would be slightly less likely to agree than the student
not needing physics. Both students would be strongly
likely to agree, but the student not needing science
slightly more strongly, that the best science teachers
explain things simply.

Toward their junior high science experiences the
student needing physics is likely to have found the
study of the internal combustion engine interesting,

but the other student probably would have found it
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boring. The student not needing physics would likely
have found plant study in Grade VII interesting, and
the student needing physics would be only slightly less
likely to have found it so. Both would be likely to
agree that there was not enough laboratory work in
Grade IX, but the student needing physics would not be
as likely to be concerned as would the other student.
Sub-question IIc. What are the differences in
attitudes toward physics, toward science teach-
ing, toward science teachers, and toward their
junior high school science experiences of the

group who have or have not heard certain state-
ments about physics?

Variables 5, 6, 7, 11, 12, and 13 of Table VII
apply to this sub-question. Detailed analysis will be
found in Appendix E. Variable 6 (item 6) produced the
largest number of significantly different pairs of per-
centage distributions, mainly in response to statements
about physics. Variables 5, 7, 11 and 12 showed signi-
ficantly different pairs of percentage distributions in
response to statements abouﬁ physics. Variable 13 pro-
duced the only pair of percentage distributions in

response to statements about the science teacher.
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Variables 6 and 13 produced pairs of significantly dif-
ferent percentage distributions in response to attitudes
toward junior high school science experiences. There
were no differences in the groups' attitudes toward
science teaching.
summary, Sub-question IIc. What differences in
attitudes toward physics, science teaching,
science teachers, and their junior high science
experiences would students be likely to have,

depending on whether they had been told positive
Oor negative things about physics?

Generally, the student who has heard negative
statements about physics is more likely to have negative
feelings about the subject than one who has not.

The student who has been told that physics is a
very difficult subject (compared to one not so told)
would be more likely to think physics is slanted toward
boys, that it is difficult, that it does not deal with
things the average person needs to know, that it is mostly
a bunch of formulas, that it is less appealing than
biology, that the least interesting part of physics is
problem solving, that it has little connection with his
choice of career, and that it is not necessary for a good

education. He would be also likely to feel that studying
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internal combustion engines in Grade IX was boring and
that plant study in Grade VII was interesting. If the
student had bheen told that he had to be good in mathe-
matics to be good in physics, or that it is a subject
that is slanted toward boys, he would be more likely
to believe it than the student not so told, and he
would be more likely to feel that physics is difficult,
and mostly a bunch of formulas. Very few students
would likely have been told that biology goes with
physics, and if they had they would be more likely to
accept humorless science teachers, and to have found
studying internal combustion engines interesting. The
many students who have been told that chemistry goes
with biology would tend to believe this, and also would
more likely choose biology over physics. The student
who remembered being told that chemistry goes with
physics would be more likely to disagree that the most
interesting part of physics is problem solving and
would be less likely to feel that physics has value in

general education.
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Sub-question IId. What are the differences in
attitudes toward physics, toward science teach-
ing, toward science teachers, and toward their
junior high science experiences of the groups
who have been counselled in differing ways?

Variables 8, 9, 10 and 14 of Table VIII apply to
this sub-question. Detailed analysis will be found in
Appendix E. Variable 8 (item 8) produced the largest
number of significantly different pairs of percentage
distributions, mainly in response to statements about
physics. Variable 8 produced the only significant pair
of percentage distributions applying to the science
teacher. Variable 9 produced the only significant pair
of percentage distributions applying to science teaching.
Variable 14, "I've been told that I need two sciences
for 'matric,'" produced no significantly different
distributions. ©No variable of this group produced any
significantly different distributions related to junior
high science experiences.

Summary, Sub-guestion IId. What differences in

attitudes toward physics, toward science teaching,

toward science teachers and toward their junior
high school science experiences would students be

likely to have depending on their counselling ex-
periences?
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The student who had been advised by his junior
high counsellor to take Physics 10, compared to those
not so advised, would be more likely to feel that physics
is mostly a bunch of formulas, that problem solving is
not its most interesting part, and that it is a subject
that a well educated person ought to have taken. He
would be less likely to expect the science teacher to
enjoy the laboratories as much as he does. The student
who had his choice of Grade X science left up to him, by
his junior high counsellor, would be less likely to feel
that a student learns more from demonstrations the
teacher does than experiments he does himself. The
student who was advised by his senior high counsellor to
take Physics 10 would be more likely to feel that physics
deals with things the average person needs to know than
those not so advised. Students told that they need two
sciences for "matric" compared to those not so told would
likely show no differences in attitudes surveyed by the
instrument. The students would be not likely to differ
in attitudes toward their junior high school science

experiences.
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The fewer number of different attitudes between
groups exposed by variables related to counselling (sub-
question IId) as compared to the great number of atti-
tude differences revealed by responses to what students
had been "told" (by students, teachers, parents, etc.)
(sub-question IIc) suggests that counselling is less
important in attitude development toward physics,
science teaching, science teachers and especially junior

high science experiences than what students have been

"told."

Sub-question IIe. What are the differences in
attitudes toward physics, toward science teach-
ing, toward science teachers, and toward their
junior high school science experiences of the
groups who did or did not obtain credit in
Physics 10, and who selected various reasons for

their decision?

Variables 15, 16, 17 and 18 (Table IX) and vari-
ables 19, 20, 21, 22 and 23 (Table X) are related to
this sub-question. Data from variable 15 have not been
analyzed in detail because the data are similar to those
of variables 24b and 24c, which are given detailed ana-
lysis later. A summary of the analysis of variable 15

is given here.
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Summary, Sub-question IIe, Variable 15. wWhat
significant differences in attitudes toward
physics, toward science teaching, toward science
teachers and toward their junior high school
science experiences would students be likely to
have who did or did not obtain credit in Physics
1072 ‘

The differences would be more, and more pronounced, rela-
tive to physics and to junior high science experiences
than toward science teaching or science teachers. Gener-
ally, the student who had credit in Physics 10, compared
to one who had not, would be more likely to agree; that
one has to be good in mathematics to be good in physics;
that physics is difficult or not difficult; that physics
deals with things the average person needs to know; that
physics is mostly a bunch of formulas: that biology is
not as appealing as physics; that the most interesting
part of physics is or is not the problem solving; that
physics has a close connection with his choice of

career; and that a well educated person ought to have
taken physics. Students with credit in Physics 10 would
likely show more agreement, and more disagreement, with
item 35 ("Physics is one of the most difficult high
school subjects") than students without credit. The

students without credit in Physics 10 would select
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“don't know" more often. Similarly, students with
credit in Physics 10 would both agree more and dis-
agree more with item 55, "The most interesting part of
physics is the problem solving," than those not having
credit in Physics 10. The reason lies in the percen-
tage of respondents who "didn't know"--73.5%.

The students who had credit in Physics 10, com~
pared to those who did not, would be more likely to
agree that you learn more from demonstrations the teacher
does than experiments you do yourself, though there is
overall disagreement with this item; that a good way to
teach optics is to use ray diagrams; and that Grade XITI
teachers should not teach for finals most of the vear.

The students who had credit in Physics 10, com-
pared to those who did not, would be less likely to
agree that the science teacher ought to be friendly but
not have favorites, and ought to enjoy the science
laboratories as much as the students.

Finally, the students who had credit in Physics
10, compared to those who did not, would be less likely
to agree that: studying internal combustion engines in

Grade IX was boring; the study of rocks in Grade VIII
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was enjoyable, and that plant study made Grade VII

science interesting.

Attitudes of students without credit in Physics 10.

With reference to variables 16, 17 and 18 of Table IX,
the groups responding were in fact sub-groups of the
group who responded "no" to item 15. That is, they did
not have credit in Physics 10, and they differed in
their attitudes rather little--only six differing groups
in the three variables. Detailed analysis of responses
related to sub-question IIe, variables 16, 17, 18, will
be found in Appendix E.
Summary, Sub-question IIe, Variables 16, 17, 18.
What would be the differences in attitudes
toward physics, toward science teaching, toward
science teachers, and toward their junior high
school science experiences of those respondents

who did not obtain credit in Physics 10 and who
selected various reasons for their decision?

Generally, their attitudes would be pretty simi-
lar; with some exceptions. A subject who took biology
in preference to physics would be more likely, than one
who did not, to agree that biology appealed more than
physics, that chemistry goes best with biology, and that

studying internal combustion engines in Grade IX was
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boring. There were no significantly different attitudes
in those not having credit in Physics 10, who elected or
rejected "I didn't need Physics 10 for my career" as a
reason. Students who gave needing chemistry as a reason
for rejecting physics, as compared to those who rejected
this reason, would be more likely to agree that chemis~
try goes best with biology, that a good method of
teaching science is to write notes on the board, and
that Grade XII teachers should teach for finals most of

the year.

Attitudes of students with credit in Physics 10.

With reference to variables 19, 20, 21, 22 and 23
(Table X), the groups responding were sub-groups of the
group who responded "yes" to item 15. That is, they
had obtained credit in Physics 10 and were asked to
respond to various possible reasons for taking Physics
10. They showed more differences in attitude than the
sub-group who did not gain credit in Physics 10. Most
of the attitude differences were related to physics.
Detailed analysis of responses related to sub-
question IIe, variables 19, 20, 21, 22 and 23 (Table X)

will be found in Appendix E.
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Summary, Sub-guestion IJe, Variables 19-23. What
would be the likely differences in attitudes of
those respondents who earned credit in Physics 10
and who selected or rejected various reasons for
their decisions?

Perhaps surprisingly, the subjects who had been
forced to take physics would be likely to show a great
similarity in attitude to those who had freedom to
choose. The student who had to take physics would be
more likely to feel that physics is one of the most dif-
ficult high school subjects, and that he would find
biology more appealing. Subjects who took Physics 10
because biology didn't appeal would be more likely to
disagree that chemistry goes with biology, that biology
is more appealing than physics, and that one ought to
go on field trips often. They would be more likely to
agree that they saw a close connection between physics
and their choice of career, and that they would expect
the science teacher to enjoy the laboratories as much
as they did. Those subjects who had to defer chemistry
or biology and fill in with physics would be more likely
to agree that chemistry goes best with biology, that
biology appeals more than physics and that the study of

plants in Grade VII was interesting. They would be less
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likely to agree that they saw a close connection between
physics and their choice of career. Subjects who took
Physics 10 because they thought, at the time, that they
needed it for their career would be more likely to agree
that physics deals with things the average person needs
to know, that the most interesting part of physics is
the problem solving, that physics has a close connection
with their career, and that a well educated person ought
to have taken physics. They would be less likely to
agree that biology appeals more to them than physics,
or that chemistry goes best with biology.
Sub-question IIf. What are the differences in
attitudes toward physics, toward science teaching,
toward science teachers, and toward their junior
high school science experiences of the groups who
had credit or were enrolled in Grade XII physics
or who did not have credit or were not enrolled

in Grade XII physics, and who gave various reasons
for their decisions?

Variables 24a, 24b, 24c, 25, 26, 27, 28 and 29 of
Table XI apply to this sub-question. The group respon-
dents to variable 24a included the subjects enrolled in
Grade XII physics, or whc had obtained credit in the
subject ("yes" tc item 24a), and those subjects who,

after obtaining credit in Physics 10, had decided not
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ences in attitudes between the two groups may be related

to reasons for the decision to drop out of physics.

Summary, Sub-guestion IIf, Variable 24a. What
would be the differences in attitude toward phy-
sics, toward science teaching, toward science
teachers, and toward their junior high school
science experiences of those respondents who con-
tinued with physics in Grade XIT, compared to
nd

. !—h ®
h

those respondents who dropped the subject between

Grade X ang Grade XII?

The subjects who dropped physics would be more
likely to agree that physics is one of the most difficult
high school subjects; that physics is mostly a bunch of
formulas; that biology is more appealing than physics;
that the best science teachers explain things simply;

and that studying internal combustion engines in Grade

IX was boring. The subjects who dropped physics would

be less likely to agree that physics deals with things
the average person needs to know; that the most inter-—
esting part of physics was the problem solvi ing; that they

saw a close connection between physics and their choice
of career; and that a well educated person ought to

have taken physics. The subjects who dropped physics

would probably show no difference in attitude toward
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science teaching, as measured by the questionnaire.
Further analysis of variable 24a will be brought in
in conjunction with the detailed analysis of variable

24b,

Variable 24b had the distinction of yielding more

significantly different groups than any other variable.
The group which responded "yes" to item 24b was a sub-
group of the group which responded "ves" to item 15,
The group which responded "“no response" to item 24b is
the same group which responded "no" to item 15. The
group which responded "yes" to item 24b included those
subjects who had obtained credit in Physics 10, and had
obtained credit or were enrolled in Grade XII physics.
The group which responded "no response" to item 24b
included the subjects who had not obtained credit in
Physics 10 and had had no further contact with physics

courses.,

Attitudes Toward Physics. Only item 34, "Physics

is a course that is slanted toward boys," and item 46,
“Chemistry goes best with biology," did not produce
differences in percentage responses. Whether they took

physics or not the subjects were likely to agree (50.3%,
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Table V} that physics is a course that is slanted toward

boys, and that (50.9%, Table V) chenistry goes best with

bioclogy.

Forty-three percent of those subjects who

b

=sponded "yes" to item 24 agreed with item 55, "The

D

Kags ¥ . sy o s g e o F oy N 3 g o E
0L the "no response’ group wisely & re coLerantly
- N I R PA V ECIS, S A > £ B oy

- 1t should be noted that 45.6% of the

ad had experience with physics to the
Grade XII level disagreed that the most interesting part

of the physics is the problem solving. Forty-three

I

ive percent of the physics students agreed with

point

item 60, "I see a close connection between physics and
my choice of career,” compared to 13.5% of non-physics
students. A total of 75.4% of non-physics students
agreed that biology was more appealing than physics
{item 54}, which is not a surprise. What does surprise
is that 29.5% of Grade XIT physics students agreed that
biclogy is more appealing to them than physics. Of the

physics students, 45.6% agreed that a well educated
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person ought to have taken physics (item 62) while only
16.5% of non-physics students agreed. It should be
noted that 32.7% of physics students disagreed that a
well educated person ought to have taken physics. After
most exposure to physics, 56.6% of physics students
agreed that physics is mostly a bunch of formulas (item
45) while 30.6% of non-physics students had this atti-
tude: 59.7% of non-physics students reserved judgment.
Forty-four percent of physics students agreed that
physics deals with things that the average person needs
to know (item 37) compared to 19.4% agreement from non-
physics students: and 41.2% of physics students dis-
agreed with item 37.

Fifty-five point one percent of physics students
agreed that physics is one of the most difficult high
school subjects (item 35) compared to 47.0% of non-
physics students who agreed: 38.8% of non-physics
students reserved judgment, and 37.2% of physics stu-~
dents disagreed. After experience with physics up to
Grade XII level 87.1% of physics students agreed that
you have to be good in mathematics to be good in physics

(item 30) compared to 72.8% of non-physics students who
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agreed.

Four items

to scilence teac

teach optics

pared to 22.09

non-physics :

hysics students agreead

9% of p

aonstrations the teacher does than

srgelf (item 48) compared to 26.5%
whno agreed; 60.6% of physics

wm 38, "In science courses, one

g

ought to go on £i ips often,’ compared to 73.5% of
g 5] ¥ %

non-physics students. This compared with 59.6% agreement
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toward science teaching.

Attitudes toward the science teacher. Four items

(43, 47, 52, 59) related to attitudes toward the science
teacher showed differences in responses of physics and
non-physics students. However, even these few differ-
ences were small. The greatest difference was found in
reactions to item 59, "I expect the science teacher to
enjoy the labs as much as I do," with 42.7% of physics
students agreeing, and 61.9% of non-physics students
agreeing. A total of 66.8% of physics students agreed
that the science teacher ought to be friendly without
showing favoritism (item 52) while 76.2% of non-physics
students agreed. Of the physics students, 57.6% agreed
with item 43, "Science teachers ought to remember that
at one time they didn't know any science," compared to
69.8% of non-physics students. Seventy-eight point
seven percent of physics students agreed with item 47,
"The science teacher's main job is to get the students
involved in the subject," compared to 79.8% of agreement
from non-physics students. However, the difference was

in the percentages responding "strongly agree," which
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were 37.5% for physics students and 49.6% for non-physics

students.

Attitudes toward junior high school science

experiences. Three items (40, 57, 64) related to atti-

tudes toward junior high school science experiences
showed differences between physics and non-physics stu-
dents. The differences were generally about the same
magnitude as for attitudes toward physics. The greatest
difference was found in reactions to item 64, "The plant
study made Grade VII science interesting,” with 35.5%
of physics students who agreed compared to 64.2% of non-~
physics students who agreed. 0Only 23.6% of physics
students agreed that studying internal combuétion engines
in Grade IX was boring (item 40), but 45.9% of non-
physics students agreed. Twenty-eight point three pexr-
cent of physics students agreed and 41.4% didn't know
that the study of rocks in Grade VIII was enjoyable,
while 44.8% of non-physics students found it so and
only 29.5% didn't know.

Summary, sub-question IIf, Variable 24b. What

would be the differences in attitudes toward
physics, science teaching, science teachers, and




129

their junior high school science experiences of

students with Grade XII physics experience com-

pared to students with no credits in physics in
high school?

The two groups would be likely to show the most,
and some of the strongest, differences in attitude of
any pair of groups, with most of the differences
focused on physics.

The physics students would be more likely to
accept, and the non-physics students to reject, that
there is a close connection between physics and their
career and that a well educated person ought to have
taken physics. The physics students would be more
likely to be equally divided on agreement-disagreement
and the non-physics students to reject that the most
interesting part of physics is the problem solving,
and that physics deals with things the average person
needs to know. The physics students would be likely
to reject and non-physics students accept strongly that
biology is more appealing than physics. Both physics
and non-physics students would be likely to accept,

but non-physics students less likely, that physics is

mostly a bunch of formulas, that physics is one of the
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most difficult high school subjects and that you have to
be good in mathematics to be good in physics.

Physics students would be more likely than non-
physics students to feel that a good way to teach optics
is to use ray diagrams and that you learn more from
demonstrations the teacher does than from experiments
you do yourself, though both groups would be more likely
than not to reject this kind of teaching. Physics
students would be less likely than non-physics students
to feel that science teachers should teach all vear for
Grade XIT finals and that one ought to go on field trips
often, though both groups would be more likely to accept
this kind of teaching than not.

In their attitudes toward the science teacher,
physics students would agree but would be slightly less
likely to do so than non-physics students that they would
expect the science teacher to enjoy the laboratories as
much as they do, that the science teacher ought to be
friendly without showing favoritism, that the science
teacher's main job is to get the students involved in
the subjects, and that the science teacher ought to remem-

ber that at one time he didn't know any science.
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In their attitudes toward their junior high
school science experiences, physics students would be
as likely to agree as disagree, and non-physics stu-
dents to agree, that the study of rocks in Grade VIII
was enjoyable. Physics students would be likely to
have found the study of internal combustion engines in

Grade IX enjoyable, while non-physics students would

overwhelmingly have found it boring.

Variable 24c. Table XI shows the significant

pairs of percentage response distributions for the

groups who responded "no" and "no response" to item 24
(Variable 24c). The group responding "no" to item 24
would have credit in Physics 10 but would not have cre~
dit or be enrolled in Grade XII physics. The group
responding "no response'" to item 24 would not have
credit in Physics 10, and would either have no physics

experience, or a failing physics experience in high

school.

Attitude toward physics. The responses to item

55, "The most interesting part of physics is the problem

solving, " showed more agreement with 18.5% and more



132

disagreement with 44.0% by the "no" group than the
corresponding percentages of the "no response” group
of 8.9% and 17.5%. A total of 73.1% of the "no
response’ group selected "don't know," compared to

36.5% for the "no’ group. Limited experience with

(b

physics would appear to crystallize attitudes in more

students showing disagreement with item 55 than students

showing Responses to item 45, "Physics is
mostly a of formulas, " showed a gsimilar pattern

to those of item 55: 51.5% of “"no" students agreed

with item 45, compared to 30.6% of “no response” stu-
dents who disagreed: 29.0% and 59.7% of students,
respectively, “didn‘t know."” The situation of experience
with physics produced more agree and disagree, with
correspondingly fewer “don‘t know" responses obtained

in the response pattern for item 46, "Chemistry goes
best with bicology." Percentages of agreement were 58.5%
and 51.1%, and of disagresment were 14.5% and 9.7%

respectively. "Don't know" responses were 26.5% and

esponse pattern was the same

for item 37, "Physics deals with things the average
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person needs to know," with the percentages of agreement
29.5% and 19.4%, percentages of disagreement 53.1% and
37.7%, and"don't know" 17.5% and 42.4%, respectively.
Comparison with the responses for these items to variable
24b shows that the more extended experience with physics
corresponded with more positive responses. The responses
to item 49, "A good way to teach light {(optics) is to
draw ray diagrams,' were similar in pattern to those
referred ﬁo above. The respective percentages of agree-
ment were 36.5% and 22.0%, for disagreement 25.0% and
24.6%, and for don'‘t know, 38.5% and 53.4%. The response
pattern to item 64, "The plant study made Grade VII
interesting," was different: 45.5% of the "no" students
agreed while 64.2% of the "no response"” students agreed.
The only variable of those (25, 26) suggesting reasons
for not taking Grade XII physics, and of those (27, 28,
29) suggesting reasons for taking Grade XII physics,

that produced a different pair of groups was variable 28,
"I'm taking physics to £ill out my timetable, ™ for item
45, "Physics is mostly a bunch of formulas." A total

of 73.6% of the students who agreed with variable 28

agreed with item 45, while 49.4% of students who
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disagreed with variable 28, agreed with item 45. More
students who take physics to fill out a timetable were
likely to see physics as mostly a bunch of formulas

than were those who did not give "filling out a time-

table" as a reason for taking physics.

Summary, sub-question IIf, Variables 24c, 25, 26,
27, 28, 29. What would be the differences in
attitudes toward physics, toward science teach~
ing, toward science teachers, and toward their
junior high school science experiences of students
with credit in Physics 10 (but no physics experi-
ence at the Grade XII level) compared to students
having no high school physics credit?

Students who had credit in Physics 10 would be
more likely to agree, and to disagree, than students with
no high school physics credit that the most interesting
part of physics is the problem solving; that physics is
mostly a bunch of formulas; that physics deals with things
the average person needs to know; and that chemistry goes
best with biology. The students who had credit in

-

hose who had no credit in high
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school physics would have no differences in attitude
toward science teachers. The students who had credit
in physics would be more likely to agree that a good way

{optics} is to draw ray diagrams, and

o

to teach ligh
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less likely to agree that plant study made Grade VII
science interesting, than students who had no high
school physics credit. Only the students who said they
were taking physics to fill out their timetables compared
to those who rejected this reason for enrollment would
be likely to show differences in attitude and that only
toward the statement that physics is mostly a bunch of
formulas. They would be more likely to agree.
Sub-question IIg. What are the differences in
attitudes toward physics, toward science teach-
ing, toward science teachers, and toward their

junior high school science experiences of the
groups of females and males?

Variable female/male of Table XITI applies to
this sub-question. The subjects were the 213 who iden-
tified themselves as female, and the 217 who identified
themselves as male. They included representatives from
all the sampled schools and both physics and non-physics

students,

More significant differences were revealed toward
physics than any other attitude object. There were no
differences in attitudes of females/males toward science

teaching as sampled by the questionnaire.
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Seventy-four percent of females agreed that
biology was more appealing to them than physics (item
54) compared to 38% agreement from the males. With
regard to item 60, 16% of females and 36% of males saw
a close connection between physics and their choice of
career. The percentages of agreement with item 67,
that a well educated person ought to have taken physics,
were 19% for females and 40% for males. "Physics deals
with things the average person needs to know" (item 37)
drew 24% agreement from females and 43% agreement from
males. Item 35, “Physics is one of the most difficult
high school subjects," recorded 54% agreement from the
females compared to 52% agreement from the males.
However, while 20% of females disagreed with item 35,
37% of males disagreed. Sixty-two percent of females
agreed that physics is a course that is slanted toward
boys (item 34) while 44% of males agreed. It is worth
noting that no differences in attitude toward this item
were shown by physics/non-physics groups (variables 24a,
b, and c¢).

Females agreed (85%) strongly that the best

science teachers explain things simply (item 56) compared
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to agreement from 76% of males. Fifty-six percent of
females expected the science teacher to enjoy their
labs as much as they did (item 59) compared to 41% of
males.

Item 64, "The plant study made Grade VII science
interesting," elicited 62% agreement from the females
compared to 32% of males who agreed. Forty-four percent
of females agreed and 39% disagreed that the study of
internal combustion engines in Grade IX was boring
(item 40). The corresponding perceﬁtages of agreement
and disagreement for the males were 26% agreement and
60% disagreement.

Summary, sub-qguestion IIg. What are the likely

differences in attitudes toward physics, toward

science teaching, toward science teachers and

toward their junior high school science experi-
ences of the females compared to the males?

Both females and males would be likely to dis-
agree, but females would be somewhat more likely to
disagree than males, that they see a close connection
between physics and their choice of career, that a well
educated person ought to have studied physics, and that

physics deals with things the average person needs to
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know. Females would be more likely to agree, and males
to disagree, that biology is more appealing than physics
and that physics is a course that is slanted toward
boys. Females and males would be equally likely to
agree that physics is one of the most difficult high
school subjects, but more males than females would be
likely to disagree. Females and males would be likely
to show no differences in attitude toward science
teaching, though they would differ in attitude toward
science teachers. Both groups would be very likely to
agree that the best science teachers explain things
simply, but females would be somewhat more likely to
have this expectation than males. Females would be
likely to agree, males likely to disagree, that science
teachers ought to enjoy the labs as much as they do.
Females would be likely, males unlikely to feel that
plant study made Grade VII science interesting. Females
would be as likely to agree as to disagree that Grade IX
study of internal combustion engines was boring, while

males would be more likely to disagree.




CHAPTER 5
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
SUMMARY

In this investigation, 871 students enrolled in
Grade XII in seven high schools operated by the Calgary
Public School Board completed a questionnaire, “Grade
XIT Physics: Why Take It? Why Not?" The students
were enrolled in at least one Grade XIT subject, and
were in at least their third vear of high school.

In general, the purpose of the study was to
ascertain the reasons for the decline in enrollment in
Grade XII physics, relative to the total enrollment in
all Grade XII science, in the secondary schools of a
large urban school system in Alberta. To this end the
questionnaire, "Grade XIT Physics: Why Take It? Why
Not?," was devised to assess the reasons, as perceived
by students, for enrolling or not enrolling in Grade
XIT physics.

A trial questionnaire was constructed following
an analysis of twenty-eight half-hour, tape-recorded

141
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interviews with a carefully selected cross-section of
Grade XII students. The statements of this question-
naire were in the students' own words. The trial ques-
tionnaire was revised to vield the final questionnaire
on the basis of feedback from groups of students to
whom the trial instrument had been administered.

In Part A, the questionnaire purported to find
"mechanical" or objective reasons advanced by students
for electing or rejecting enrollment in Grade XIT
physics. The mechanical reasons are those related to
administrative restrictions, timetables, prerequisites
for the course, perceived need of the course for the
achievement of goals, advice by counsellors, and the
like. The second part of the instrument (Part B) pur-
ported to explore the affective reasons perceived by
students for enrolling or not enrolling in Grade XII
physics. The affective reasons related to attitude
differences exhibited by different groups of students
toward physics, toward science teaching, toward science
teachers and toward the students® junior high school

science experiences.
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The investigator used computer techniques to
determine and to display percentage and absolute
response distributions to questionnaire items. The
investigator also used computer sorting techniques to
relate the responses to mechanical items to the
response to the affective items of the questionnaire.
Statistical techniques established that total group
response distributions to all items of the questionnaire
were éignificant at the .01 level or better. Statisti-
cal techniques were used to determine significant pairs
of percentage response distributions to the affective
items, related to percentage response distributions to
the mechanical items (variables).

Pairs of percentage response distributions show-
ing significant differences at the .05 to .0l level were
determined and listed, but not discussed. Pairs of per-
centage response distributions significant at the .01
level or less were determined, listed and discussed.

The main questions studied were two in number.
They were stated in Chapter I and re-stated with their
appropriate sub-questions in Chapters III and IV. The

null hypotheses related to the questions were stated in
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Chapters III and IV. The main questions and associated
sub-questions are reproduced here, with the answers
suggested by the analysis of the guestionnaire data.
The answers were based on data that had been established

to be significant by the testing of the null hypotheses.

Question I

What are the "mechanicsl® (objective) reasons
selected by Grade XII students for enrclliing or
not enrclling in physics at the high school
level?

Sub-question Ia. What reasons related to career
are selected by Grade XII students for enroliliment
Oor non-enrollment in high school physics?

A typical Grade XII student enrolled in physics
would be likely to need it for further education, probably
at a university or an institute of technology. Very few
Grade XII students would enrcll in physics for reasons
not associated with a career.

Sub-guestion Ib. What have the students been told

about physics and its relationships to the other
sciences?

Students would be highly likely to have been told
that physics is a difficult subject and that you have to

be good in mathematics to be good in physics. They would
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be likely to have been told that chemistry goes with
biology, less likely that chemistry goes with physics,
and not likely at all that biology goes with physics.
Students would be unlikely to have been told that
physics is a subject for boys.

Sub-question Ic. What counselling advice have

students been given regarding enrollment in high
school sciences?

Students would be most likely to have selected
their high school science(s) themselves. Students would
be unlikely to have been advised by their junior high
counsellors, and less likely by their high school coun-
sellors, to take physics in high school. Students would
be likely to have been incorrectly advised that they
needed two sciences for "matric."

Sub-question Id. What reasons do students select
for not obtaining credit in Physics 10°?

Students would be most likely to have selected,
as a reason, not needing physics for their career.
Needs to take chemistry or biology would be unlikely to

be selected as reasons.
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Sub-question Ie. What reasons for the decision
to take Physics 10 were selected by those stu-
dents who obtained credit in Physics 107?

The most likely reason would be need for physics
for their careers. The students would be unlikely to
have been forced to take Physics 10 and less likely to
have taken it because of a dislike for biology, or

because they could not get chemistry or biology in their

first year.

Sub-question If. What reasons for their deci-
sion were selected by students who did not take
Grade XII physics, though they had the pre-
requisite?

Students would be most likely to have responded
that they did not have room in their timetables, more
so than that they had dropped physics when university
entrance requirements changed. It would appear that
not enough mechanical reasons were offered by the
guestionnaire to fully sample the responses.

Sub-question Ig. What reasons for their deci-

sion were selected by students who elected to
enroll in Grade XII physics?

Students would be most likely to select career

reasons (keeping educational alternatives open) and
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possession of prerequisites as reasons for enrolling in
Grade XII physics. They would be unlikely to be, but
could be enrolled for the credits, and to complete a

timetable.

Question II

What are the affective reasons, as related to
attitudes, perceived by Grade XII students for
enrolling or not enrolling in Grade XII physics?

Sub-question ITa. What are the attitudes toward
physics, toward science teaching, toward science
teachers, and toward their junior high school
science experiences of the group of all subjects
surveyed?

The greatest unanimity of attitudes was found to
be toward science teaching and toward science teachers.
This suggests that differences in attitudes toward
science teaching and science teachers do not play a
large part in decisions to enroll or not enroll in
physics. Students' attitudes showed greatest diversity
toward physics and toward junior high school science
experiences. This suggests that students' attitudes
toward physics and toward their junior high school
science experiences do play a large part in their deci-

sion process.
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Keeping in mind that there is the most difference
in opinion among the sub-groups in attitudes toward
physics, students would be very likely to believe that
they have to be good in mathematics to be good in
physics, as they have been told (sub-question Ib), that
chemistry goes best with biology, as they have been
told (sub-question Ib), and that there is little connec-
tion between physics and their career. This would be
likely even if they took Physics 10 (sub-question Ie).
Students would be very likely to feel strongly that
biology is more appealing than physics, and that
physics is just a bunch of formulas. The students would

be likely to believe that physics is slanted toward

boys, even if they had not been told so (sub-question Ib).

Students would be highly likely to believe that physics
is a very difficult subject as they have been told (sub-
question Ib). The students would be likely to be unsure
if physics deals with things the average person needs to
know, or if the most interesting part of physics is the
problem solving, or not. The students would be likely
to feel that study of physics is unnecessary to obtain

a good general education.
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Similarly, it is necessary to keep in mind that
attitudes toward junior high school science experiences
are likely to differ among sub-groups of students.
Students' attitudes toward their junior high school
science experiences would be likely to have more "don't
know" responses, due perhaps to faulty memory. Students
would be likely to remember Grade IX science (physical
science) as being of the "read the chapter and make
notes" variety, and the work on internal combustion
engines about equally likely to have been boring or not.
The students would be likely to feel that there was not
enough laboratory work, though it was the most interest-
ing part of the work. The students would be about as
likely as not to have found the plant study of Grade VII
interesting, but would be more likely to have found the
Grade VIII study of rocks more fun than work.

The students' attitudes toward science teaching
and science teachers are not likely to vary much with
the students' sub-group placement. Students would be
strongly likely to believe that you have to know science
to teach it well, and that writing notes on the board

is a poor science teaching method, as is the lecture
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method. The students would be very likely to feel that
science courses ought to prepare them for a career, and
that the science courses have enough experiments whiéh
relate to the course. The students would be as likely
to agree as to disagree that demonstrations are as good
as experiments, that using ray diagrams is a good method
of teaching optics, and that one ought to go on field
trips often. The students would be fairly likely to
agree that Grade XII teachers ought to teach for finals
most of the year. This latter would be consistent with
the career orientation displayed by the students.

The students would be very likely to expect the
teacher to involve them in his subject, and to explain
his subject matter simply. The teacher would be expected
to have a sense of humor: to be forceful and thorough,
but not strict; to be approachable without showing
favoritism; and to be humble, remembering his own lack
of knowledge at one time. The teacher would also be
expected to show enthusiasm for laboratory work.

Sub-question ITb. What are the differences in

attitude toward physics, toward science teaching,

toward science teachers, and toward their junior
high school science experiences of the groups
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who did or did not see a need for physics in
their career?

Students who see a need for physics in their
career, compared to those who do not, would be likely
to differ more in their attitudes toward physics and
their junior high school science experiences than in
their attitude toward science teaching or science
teachers.

Students who see a need for physics in their
career compared to those who do not would be more likely
to find biology less appealing than physics, and more
likely to see a connection between physics and their
choice of career. While both kinds of students would
be likely to agree that physics is difficult and that
chemistry goes with biology, the students who see a
need for physics in their career would not be quite aé
likely to agree as their counterparts. Both groups
would be likely to disagree that physics is necessary
for a good education, or that it deals with things the
average person needs to know, though students needing
physics would not be as likely to disagree as the

others. Similarly, both groups of students would be
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likely to disagree that the interesting part of physics
is the problem solving, though students not needing
physics would be more likely to disagree. Both groups,
with students needing physics, somewhat less, would be
likely to agree that physics is mostly a bunch of formu-
las.

Students needing physics would be likely to have
found the study of internal combustion engines ig,
Grade IX interesting, while students not needing physics
would have found it boring. Both probably would have
found plant study in Grade VII interesting but not
enough laboratory work in junior high, with students
not needing physics a little more likely to have found

this so.

Both groups of students would be likely to approve

of field trips, but with those not needing physics more
likely than the others to approve. Both groups of stu-
dents would be likely to agree that demonstrations are
not as useful as student experiments with, again,
students not needing physics more likely to agree.
While the groups are likely to agree in their

attitudes toward science teachers, students needing
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physics would be less likely to agree that science
teachers ought to remember that at one time they did
not know any science, and that the best science

teachers explain things simply.

Sub-question IIc. What are the differences in
attitudes toward physics, toward science teach-
ing, toward science teachers, and toward their
Junior high school science experiences of the
groups who have or have not heard certain
statements about physics?

Generally, the students who reported hearing
negative statements about physics would be more likely
to hold negative feelings toward the subject than those
who have not.

The group of students who have been told, com-
pared to those not told, that physics is a very diffi-
cult subject would be more likely to believe that
physics is difficult, that it is slanted toward bovs,
that it does not deal with things the average person
needs to know, that it is mostly a bunch of formulas,
that it is less appealing than biology, that the least
interesting part is problem solving, that it has
little connection with their choices of career, and

that it is not necessary to study physics to have a
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good education. The group who have been told that
physics is a very difficult subject would be more
likely to have found Grade IX study of internal combus-
tion engines boring, and Grade VII plant study
interesting.

Students who have been told that you have to be
good in mathematics to be good in physics, and that it
is a subject slanted toward boys, would be more likely
to believe this than those not so told. They would
also be more likely to believe that physics is diffi-
cult, and mostly a bunch of formulas.

The very few students who have been told that
biology goes with physics would be more likely to
accept humorless science teachers and to have enjoyed
the Grade IX study of internal combustion engines.

The many students who have been told that chemistry
goes with biology compared to those not so told would
be likely to believe that chemistry does go with
biology, and would be more likely to find biclogy
appealing than physics. Students who have been told
chemistry goes with physics, compared to those not so

told, only differ in degree of disagreement, more,
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that the most interesting part of physics is the problem

solving and that physics has value in general education.

Sub-question IId. What are the differences in
attitudes toward physics, toward science teach-
ing, toward science teachers, and toward their
junior high science experiences of the groups who
have been counselled in differing ways?

The fewer numbers of differing attitudes between
groups revealed by responses to this sub-question (xI4),
compared to the greater number of differing attitudes
revealed by responses to what students have been told
by students, teachers, parents, counsellors, etc.,
suggests that formal counselling is less important in
attitude development than what students have been told.

Students who had been advised by their junior
high counsellor to take Physics 10, compared to those
not so advised, would be more likely to feel that
physics is a bunch of formulas, that problem solving
is not the most interesting part of physics and that
physics is a proper part of general education. Stu-
dents advised to take Physics 10 would be less likely
to expect the science teacher to enjoy the laboratories

as much as they do. Students whose choice of Grade X
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science was left up to them by their junior high coun-
sellor would be less likely to feel that you learn more
from demonstrations than experiments. Students who had
been advised by their high school counsellor to take
Physics 10 would be more likely to feel that physics
deals with things the average person needs to know.
Students who have been counselled in different ways
would not differ in attitudes toward their junior high
school science experiences. Students who were told
that they needed two sciences for "matric" would show
no differences in attitude compared to those not so
told.
Sub-question ITe. What are the differences in
attitudes toward physics, toward science teach-
ing, toward science teachers, and toward their
junior high school science experiences of the
groups who did or did not obtain credit in

Physics 10, and who selected various reasons
for their decision?

The groups who did or did not obtain credit in
Physics 10 showed more differences in attitude, and
these differences were greater, relative to physics and
junior high science experiences, than to science teach-

ing or science teachers.
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Students who obtained credit in Physics 10, and
those who did not, are the same groups as those who
responded "yes" and "no" to item 24, and those who
responded "no response" to item 24. They can be ex-
pected to and do show similar differences in attitude
to the respondents to variables 24a and 24b. All
items found to show significant differences between
groups responding to variable 15 also showed similar
differences for the groups responding to item 24b.
Therefore no discussion of variable 15 is reported
here.

Students who selected different reasons for not
gaining credit in Physics 10 showed little difference
in attitude. A student who took biology in preference
to physics would be more likely to agree that biology
appealed to them more tﬁan physics, that chemistry
goes with biology, and that studying internal combus-
tion engines in Grade IX was béringo Students not
having credit in Physics 10 showed no differences in
attitude whether or not they felt that they rejected
physics because they did not need it for their career,

The students who agreed that they rejected physics
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because they needed chemistry would be more likely to
agree that chemistry goes with biology, that a good
method of teaching science is to write notes on the
board, and that Grade XII science teachers should

teach for finals for most of the year.

Attitudes of students with credit in Physics 10

(Variables 19-23). sStudents who had been forced to

take Physics 10 showed few differences in attitude,
compared to those who had freer choice. The student
who believed he had not been given the choice to take
physics would be more likely to feel that physics is
one of the most difficult high school subjects and
that biology is more appealing. Students who took
physics because biology did not appeal would be more
likely to disagree that chemistry goes with biology,
that biology is more appealing than physics, and that
one ought to go on field trips often. They would be
more likely to agree that they saw a close connection
between physics and their choice of career, and that
they would expect the science teacher to enjoy the

laboratories as much as they did. Students who elected
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physics because they had to defer biolog? and/or
‘ chemistry would be more likely to agree that chemistry
goes best with biology, that biology appeals more to
them than physics, and that the study of plants in
Grade VII was interesting. Such students would be less
likely to agree that they saw a close connection
between physics and their choice of career, Students
who said they took Physics 10 because they belieVed, at
the time, that they needed it for their career, would
be more likely to agree that physics deals with things
the average person needs to know, that the most interest-
ing part of physics is the problem solving, that physics
has a close connection with their career, and that a well
educated person ought to have taken physics. They would
‘be less likely to agree that biology appeals to them
more than physics, or that chemistry goes best with
biology.
Sub-question ITf. What are the differences in
attitudes toward physics, toward science teaching,
toward science teachers, and toward their junior
high school science experiences of the groups who
had credit or were enrolled in Grade XIT physics
or who did not have credit or were not enrolled in

Grade XII physics, and who gave various reasons
for their decisions?
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Attitudes of physics and non-physics students,

both with credit in Physics 10 (Variable 24a). 'The

groups included were the students having credit in, or
enrolled in, Grade XII physics, and the students who
had obtained credit in Physics 10 but did not have
credit in and were not enrolled in Grade XII physics.
These groups might be referred to as the group of
Grade XII physics students, and those who, after a trial,
had dropped the subject. The groups showed no difference
in attitude toward science teaching. There was only one
difference shown in attitude toward the science teacher.
Physics students would not be as strongly likely to agree
as would be the drop-outs that the best science teachers
explain things simply. Only one difference in attitude
was shown by the two groups and this was toward the
students' junior high school science experiences.
Physics students would be more likely to disagree and
the drop-outs to agree that their Grade IX experiences
with internal combustion engines was boring.

Seven out of ten attitude items related to
physics showed differences between the groups. Students

of physics and physics drop-outs would be equally likely
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to agree that you have to be good in mathematics to be
good in physics, that physics is a course that is
slanted toward boys, and that chemistry goes best with
biology. Students of physics would be more likely to
agree and drop-outs to disagree that physics deals
with things the average person needs to know, that the
most interesting part of physics is problem solving,
that they see a close connection between physics and
their career, and that a well educated person ought to
have taken physics. Physics students and drop-outs
would be likely to agree, but drop-outs would be more
likely to do so, that physics is one of the most diffi-
cult high school subjects, and that physics is mostly
a bunch of formulas. Physics students would be likely
to disagree and drop-outs very likely to agree that

biology is more appealing than physics.

Attitudes of physics students and students not

having credit in Physics 10 (Variable 24b). This vari-

able showed more significant pairs of groups than any
other variable. The variable is related to perhaps the

most important sub-question of the study, because the
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groups are that group comprised of those students who,
after obtaining credit in Physics 10, went on to enroll
in Grade XII physics, and that group comprised of those
students who were not enrolled in Grade XII physics, and
who did not have credit in Physics 10.

The largest number of significant pairs of groups,
eight out of ten, were found in the items referring to
attitudes toward physics. Four out of ten pairs of
groups showed significant differences in attitude
toward science teaching, and four out of eight groups
showed significant differences in attitude toward the
science teacher. Three out of seven groups showed sig-
nificant differences in attitude toward their junior
high school science experiences.

Physics students would be more likely to accept,
and non-physics students to reject, that there is a
close connection between physics and their career, or
that a well-educated person ought to have taken physics.
The physics students would be more likely to be evenly
divided on agreement-disagreement, and the non-physics
students to disagree that the most interesting part of

physics is the problem solving and that physics deals
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with things the average person needs to know. The
physics students would be likely to disagree and the
non-physics students very likely to agree that biology
is more appealing to them than physics. Physics and
non-physics students would be likely to agree, but
non-physics students somewhat less likely, that physics
is mostly a bunch of formulas: that physics is one of
the most difficult high school subjects; and that you
have to be good in mathematics to be good in physics.
It would appear that experience with physics confirms
.the attitudes held by non-physics students as to the
difficulty, mathematics relationship, and formula
quality of physics.

In their attitudes toward science teaching, both
physics and non-physics students would be likely to
disagree, but physics students somewhat less than non-
physics students that a good way to teach optics is to
use ray diagrams and that you learn more from demonstra~
tions the teacher does than experiments you do yourself,
Both physics students and non-physics students would be
likely to agree, but physics students less likely, that

Grade XII science teachers should teach for finals most
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of the year and that one ought to go on field trips
often.

In their attitudes toward the science teacher,
physics and non-physics students would be likely to
agree, with physics students somewhat less likely,
that they would expect the science teacher to enjoy
the laboratories as much as they do; that the science
teachers' main job is to get the students involved in
the subject; and that the science teacher ought to
remember that at one time he did not know any science.
This might be interpreted to mean that physics students
are somewhat more likely to accept a remote, depersonal-
ized type of science teacher than non-physics students.
Is this attitude caused by physics instruction, or do
students having this attitude elect to take physics
instruction?

In their attitudes toward their junior high
school science experiences, physics students would be as
likely to agree as to disagree, and non-physics students
to agree that plant study made Grade VII science inter-
esting and that the study of rocks in Grade VIII was

enjoyable. However, physics students would be likely
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to have found the study of internal combustion engines
enjoyable, while non-physics students would be extremely

likely to have found it boring.

Attitudes of non-physics students having credit

or not in Physics 10 (vVariable 24c). As might be ex-

pected, differences in attitude were less frequently
found between the groups of students who had credit in
Physics 10, but who had not enrolled in Grade XII
physics (the drop-outs), and the group of students who
had had no successful physics experiences in high
school. The greatest number of differences in attitude,
four out of ten, was found to be related to physics.
One out of ten differences was found relative to
science teaching, one out of seven relative to junior
high school science experiences, and none out of eight
relative to science teachers.

Students with credit in Physics 10, compared to
students not having credit in Physics 10, would be more
likely both to agree, and to disagree, and less likely
not to know, that the most interesting part of physics

is the problem solving, that physics is mostly a bunch
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of formulas, that physics deals with things the average
person needs to know, and that chemistry goes best with
biology. It would appear that limited experience with
physics, as experienced by the "drop-outs," would crys-
tallize both positive'and negative attitudes toward
physics.

Students with credit in Physics 10 would be more
likely to agree, and students without credit in Physics
10 to disagree, that a good way to teach physics is to
draw ray diagrams. Both groups would be very likely
not to know, but the students without credit in Physics
10 would be much more likely not to know, what to think
about this item.

There would be no differences between the two
groups in attitudes toward science teachers.

Both groups would be likely to agree that the
plant study made Grade VII science interesting, but the
group without credit in Physics 10 would be more likely

to agree than the other.
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Attitudes of students with credit in Physics 10,

enrolled or not enrolled in Grade XII physics, who

selected various reasons for enrollment or non-enrollment

(Variables 25, 26, 27, 28, 29). The groups responding to

the various reasons showed only one significantly differ-
ing attitude. The group of students who responded "yes,"
compared to the students who responded "no," to variable
28, "I'm taking physics to fill out my timetable," would
be more likely to agree that physics is mostly a bunch
of formulas.
Sub-question ITIg. What are the differences of
attitude toward physics, toward science teaching,
toward science teachers, and toward their junior

high school science experiences of the groups of
females and males?

More significantly different attitudes were shown
by females and males with regard to physics, six out of
ten, than to any other attitude object. The groups showed
no differences in attitude toward science teaching, two
out of eight toward science teachers, and two out of
seven toward junior high school science experience.

Both females and males would be likely to dis-

agree, but females would be somewhat more likely to
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disagree than males, that they see a close connection
between physics and their choice of career, that a well
educated person ought to have studied physics, and that
physics deals with things the average person needs to
know. Females would be more likely to agree, and males
to disagree, that biology is more appealing than physics,
and that physics is a course that is slanted toward boys.
Females and males would be equally likely to agree that
physics is one of the most difficult high school sub-
jects, but more males than females would be likely to
disagree,

Females and males would likely show no differences
in attitude toward science teaching.,

Both groups would be very likely to agree that the
best science teachers explain things simply, but females
would be even more likely to agree than males. Females
would be likely to agree, but males to disagree, that
science teachers ought to enjoy the laboratories as
much as they do.

Females would be likely to agree, males to dis-
agree, that plant study made Grade VII science interest-
ing. Females would be about as likely to agree as to dis-

agree that Grade IX study of internal combustion engines
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was boring, while males would be more likely to disagree.

CONCLUSIONS

It has been shown that Grade XII students who
elected physics at the Grade XII level did so primarily
for reasons related to future education or career. Grade
XIT students were likely to have been told, and to have
believed, negative statements regarding physics. It has
been established that Grade XII students were more likely
to have made up their own minds regarding enrollment in
high school science than to have followed the advice of
counsellors. This contrasts with Kruglak's finding, that
counsellors' recommendation is one of the two most impor-
tant influences cited by students. The questionnaire
used in the study probably did not include enough choices
to establish reasons advanced by students for dropping
physics after Grade X.

It has been shown that Grade XII students dis-
played many differing attitudes toward physics and their
junior high school science experiences, and fewer
different attitudes toward science teaching and science
teachers. 1In general, students showed negative attitudes

toward physics. Attitudes toward junior high school
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science experiences were generally positive toward life
science and earth science, but divided toward the physi-
cal sciences. Laboratory work and involvement with
equipment, as contrasted to a lecture approach, were
approved by students,

The picture of student approved methods of
science teaching emphasizes involvement by the student
in activities, few lectures, in a career-oriented atmos-
pheré° Agreement was shown to be general on the image
of the good science teacher. The desired science
teacher would be well versed in the subject matter,
‘enthusiastic to involve the student in the subject and
laboratory work, have a sense of humor, be forceful and
thorough but not strict, be approachable without showing
favoritism, and would remember his own lack of science
knowledge in the past.

It has been shown that students showed more sig-
nificantly different pairs of groups with respect to
attitude toward physics and toward their junior high
school science experiences than toward science teaching
or science teachers. It has also been shown that the

groups enrolled in Grade XII physics/no credit in
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physics 10; credit/no credit in Physics 10: do not need/
need physics for university; do not need/need physics
for future education; told/not told that physics is a
very difficult subject: and female/male show most
differences in attitude. Of these groups the most dis-
tinctive would be those enrolled in Grade XIT physics/
no credit in Physics 10 (variable 24b), and female/male.

It has been shown that students who saw a need
for physics for their future education or career, com-
pared to those who did not, showed somewhat less but
still negative attitudes toward physics. Students who
saw a need for physics for their future career had a
more positive attitude to their junior high physical
science experiences, while the "no" group found it
boring. Both groups agreed on the need for student
activity in junior high science. Only differences of
degree in attitude toward science teaching and science
teachers separated the two groups.

It has been shown that students who heard cer—
tain negative statements about physics tended to believe

those statements, even after experience with physics.
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It has been shown that students who were advised
by their junior high school counsellor to take physics
in high school were more likely to have negative opin-
ions of physics than those not so counselled. It seems
likely that this is the same group that was enrolled in
Grade XII physics and who held similar opinions. Stu-
dents whose choice c¢f high school science was left to
them showed few differences from those not so counselled.
Not unexpectedly, the students who reported free choice
showed more agreement with student experimentation as
contrasted to teacher demonstration. The only differ-
ence in attitude shown by students advised by their
high school counsellor to take physics was a more posi-
tive attitude toward physics as a subject that deals
with things the average person needs to know.

It has been shown that differences between the
groups enrolled in Grade XII physics/credit in Physics
10 but not enrolled in Grade XII physics (variable 24a)
are primarily with respect to physics and are duplicated,
except for item 56, by the groups enrolled in Grade XIT
physics/no credit in Physics 10 (variable 24b). It has

been shown that physics students shared many of the
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negative attitudes toward physics that were held by
non-physics students. Most especially notable are the
attitudes that more physics students held that physics
is mostly a bunch of formulas, that it is one of the
most difficult high school subjects, and that you have
to be good in mathematics to be good at it. Even phy-
sics students did not find the problem solving aspect
of the subject most interesting, nor were they generally
convinced that physics deals with things the average
person needs to know. Both physics and non-physics
students rejected the lecture-demonstration style of
teaching, but physics students were not so opposed as
their fellows.

Grade XII physics students were less expectant
than non-physics students that Grade XII science teachers
ought to teach for finals most of the year and that one
ought to go on field trips often. Physics students
seemed somewhat more likely than non-physics students
to accept a remote, depersonalized style of science
teacher. It was not established if this was due to
physics instruction or was characteristic of students

who sought physics instruction. Physics students
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apparently found junior high physical science experiences
enjoyable, compared to the non-physics students who found
them boring. Physics students were about equally likely
to have found junior high life and earth science experi-
ences enjoyable or disagreeable, while non-physics
students were very likely to have found them enjoyable.

It was shown that there were few differences in
attitudes between students who dropped out of physics
and those without any high school physics experience.
Students with some experience in physics were shown to
have attitudes, both positive and negative, more strongly
developed than students who had no high school physics
experience.

It was shown that the attitudes of females com-
pared to males were similar with respect to physics and
junior high science experiences to that of non-physics
and physics students. There was, however, an exception.
Females showed agreement, males disagreement with the
suggestion that physics is slanted toward boys.

It was shown that attitudes, however gained, may
affect the choice to study or not to study physics, and

that attitudes toward physics and toward junior high
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school physical sciences are generally negative among
non-physics students, and fairly evenly divided nega-

tive and positive among physics students.

RECOMMENDATIONS

Related to the Study

It seems evident that if the career reasons were
removed, that physics enrollment would likely suffer a
drop of about half, considering the fairly even division
of positive and negative attitudes toward physics of
physics students. If physics is worth sustaining in
the secondary curriculum, career reasons need £o be
retained and reinforced, and attitudes toward physics
and toward junior high physical science experience need
to be improved.

Physics teachers and others concerned about
improving physics enrollment ought to ensure that junior
high students know the éareer reasons for enrolling in
physics at the high school level.

Physics teachers and others need to play down
the difficulty and the mathematics relationship of

physics. The close relationship between chemistry and
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physics, and any biology-physics relationships, need to
be made clear to students at all levels.

Physics teachers and others need to give infor-
mation to junior high school and other counsellors in
order that such counsellors will be more likely to
recommend that students take physics in high school.
This information should include the facts about the
relative difficulty of physics, the level of mathematical
power required and about the relationship of physics with
chemistry and bioclogy. Counsellors need help to combat
the myth about two sciences being needed for "matric'--
though success might reduce physics enrollment.

Physics teachers and others, knowing that stu-
dents tend to believe what they are told about physics,
need to convince teachers and counsellors, particularly
in the junior high schools, that you do not have to be
good in mathematics to be good in physics, that physics
is not the most difficult éubject, that physics does
relate to everyday life, that physics does have value
in general education, that physics is not mostly a
bunch of formulas, that it is not slanted toward boys,

and that it relates more to chemistry than biology does.
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Curriculum developers and physics teachers will have to
ensure that the physics program, or programs, do not all
require high mathematical power, that they not be
excessively difficult, that they be shown to relate to
everyday life, that they do have value for general edu-
cation, that they do not appear to be mainly a bunch of
formulas, that they are not slanted consciously or un-
consciously toward boys, and that connections with the
other sciences are explored and exploited.

The emphasis on verbal problem solving is
apparently unpalatable to many students who either drop
out of physics or who do not enroll at the high school
level. As long as Grade XII physics examinations are
geared to problem solving and as long as all of a stu-
dent's final evaluation is established by the final
examination, there will be a pressure on students and
teachers to make verbal problem solving the core of
physics.

The universities, both in their faculties of
education and of arts and science, need to look into
their operations to find and remedy the reasons why so

few well qualified, enthusiastic, activity-and-student-
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oriented graduates are being produced in physics.
Development of good attitudes toward physics can hardly
be left to teachers trained largely in other disciplines.
This is especially true at the junior high school level,

where attitudes appear to be developed.

Related to Further Research

It is hoped that the questionnaire, "Grade XII
Physics: Why Take It? Why Not?" could be used in other
Alberta jurisdictions, urban and rural, to see if the
results are generally applicable.

There is a need to examine the teaching of physics
to see if some of the student attitudes identified with
regard to physics are mythological or if they have their
beginnings in instructional style.

It might be useful to examine the relationship
between such variables as age and I.Q. to the development
of attitudes to see if the attitudes relate to some

underlying variable.
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GRADE XII PHYSICS: WHY TAKE IT? WHY NOT?

A QUESTIONNAIRE

This gquestionnaire is to be used to gather information
from Grade XII students about their reasons for taking,
or not taking, Physics 30. It is hoped that this infor-
mation will be helpful in the design of physics courses.
It is also hoped it will help teachers of physics inter-
ested in improving the enrollment in their subject. The
information is to be confidential. Fill in the other
information on the answer sheet, but omit your name, and
the name of your instructor.

The questionnaire is in two parts, A and B.

INSTRUCTIONS FOR COMPLETING PART A

Read each statement and decide if it is true (T) or
false (F). 1If it is true (T) blacken the corresponding
space under T on the answer sheet (this space has a
small number 1 above it.) If the statement is false (F)
blacken the corresponding space under F on the answer
sheet (this space has a small number 2 above it). If
the statement does not apply, or you don't know, blacken
the corresponding space with the small number 3 above it
on the answer sheet,

PART A
1) I don't need physics for enrollment in university.
2) I need physics for enrollment in an Institute of
Technology.
3) I don't need physics for my further education.
4) I need physics for my choice of career.

5) 1I've been told that physics is a subject for boys.

6) I've been told that physics is a very difficult sub-
ject,

7) I've been told that you need to be good in mathe-
matics to be good in physics.

8) My junior high counsellor advised me to take Physics
10.



9)
10)
11)
12)
13)
14)

15)

185

My junior high counsellor left the choice of Grade

X science to me.

My senior high counsellor advised me to take

Physics 10.

I've been told that chemistry goes with physics.
I've been told that chemistry goes with biology.

I
I

I

‘ve been told that biclogy goes with physics.
‘ve been told that I need two sciences for

"matric.
have credit in Physics 10.

If you do not have credit in Physics 10, answer guestions
lé to 18 inclusive, and then go on to Part B.

If you do have credit in Physics 10, skip questions 16 to
18 inclusive and then go on with question 19 and following.

needed biology so I decided not to take Physics 10.
didn't take Physics 10 because I didn't need it
for my career.

needed chemistry, so I decided not to take Physics
10.

had no choice, I had to take Physics 10.

Biology didn't appeal to me, so I took Physics 10.

16) I
17) I
18) 1
19) I
20)

21y I
22y I
23) I
24) 1
If vyou

couldn't get biology (or chemistry) until Grade X1,
so I took Physics 10.

thought I needed physics for my career, so I took
Physics 10.

took Physics 10, though I didn't need it for my
career.

have credit, or am now enrolled in Physics 30, or
30X, or 32.

do not have credit in, or are not enrolled in,

Physics 30, 30X, or 32, answer guestions 25 and 26, and
then go on to Part B.

If you do have credit or are enrolled in Physics 30, 30X,
or 32,
questions 27 and following.

25)

skip guestions 25 and 26 and then go on with

I don't have room in my timetable for physics.

Continued. ...



186

26) 1 dropped physics when the universities changed
their entrance requirements in some faculties
from six courses to five.

27) I'm taking physics because I have the prerequisites.

28) 1'm taking physics to fill out my timetable.

29) 1I'm taking physics because my career plans are
vague, and I want to keep as many doors open as
possible.

GO ON TO PART B

INSTRUCTIONS FOR COMPLETING PART B

There are some statements about physics in this section.
There are also some statements about the way science is
taught and some about science teachers. There are also
some statements about science in junior high. You may
agree with some of the statements and you may disagree
with others. That is exactly what you will be asked to

do.

After you have carefully read a statement, decide whether

or not you agree with it. If you agree, decide whether
you agree mildly or strongly. If you disagree, decide
whether you disagree, mildly or strongly.

Then, find the number of that statement on the answer
sheet, and blacken the space by the

1 - if you agree strongly

2 - if you agree mildly

3 - if you cannot decide, or the statement does not

apply
4 - if you disagree mildly
5 - if you disagree strongly

Example

00. I would like to have a lot of money.

00. 1 === 2 === 3 === 4 = = = 5 ===
(The person who marked this example agrees strongly with
the statement, "I would like to have a lot of money.")

Please respond to each statement and blacken only one

space for each statement.
Continued....



30)
31)
32)
33)

34)
35)

36)
37)
38)
39)
40)
41)
42)
43)
44)
45)
46)
47)
48)
49)
50)
51)
52)
53)

54)
55)
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You have to be good in mathematics to be good in
physics.

You have to really know science to teach it well,

Science teachers don't have to have a sense of humor.

A good method of teaching science is to write notes
on the board most of the time.

Physics is a course that is slanted toward boys.

Physics is one of the most difficult high school
subjects.

Most of my high school science courses had enough
experiments.

Physics deals with things that the average person
needs to know.

In science courses, one ought to go on field trips
often.

There was too much lab work in my Grade IX science
course.

Studying internal combustion engines in Grade IX was
boring.

Science courses ought to be mostly lectures.

Science courses ought to prepare you for your career.

Science teachers ought to remember that at one time
they didn't know any science.

Good science teachers are strict in class.

Physics is mostly a bunch of formulas.

Chemistry goes best with biology.

The science teacher's main job is to get the stu-
dents involved in the subject.

You learn more from demonstrations the teacher does
than experiments you do yourself,

A good way to teach light (optics) is to draw ray
diagrams.

Grade VIII science was a work course, compared to
English, which was a fun course.

Most high school science labs seem to relate to the
course.

The science teacher ought to be friends with the
whole class, but not with any one person.

Science teachers ought to be forceful and thorough.

To me, biology is more appealing than physics.

The most interesting part of physics is the problem
solving.

Continued....



56)
57)
58)
59)
60)
61)

62)
63)

64)
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The best science teachers explain things simply.

The study of rocks in Grade VIII was enjoyable.

Grade IX science seemed to be mostly "read the
chapter and make notes."

I expect the science teacher to enjoy the labs as
much as I do.

I see a close connection between physics and my
choice of career.

Grade XII science teachers should teach for finals
most of the year.

A well educated person ought to have taken physics.

In junior high science, the best part was doing
something with equipment.

The plant study made Grade VII science interesting.
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ATTITUDE ITEMS GROUPED BY ATTITUDE OBRJECT

Physics

30) You have to be good in mathematics to be good in
physics.

34) Physics is a course that is slanted toward boys.

35) Physics is one of the most difficult high school
subjects.

37) Physics deals with things that the average person
needs to know.

45) Physics is mostly a bunch of formulas.

46) Chemistry goes best with biology.

54) To me, biology is more appealing than physics.

55) The most interesting part of physics is the prob-
lem solving.

60) I see a close connection between physics and my
choice of career.

62) A well educated person ought to have taken physics.

Science Teaching

31)
33)

36)
38)
41)
42)
48)
49)

51)

61)

You have to really know science to teach it well.

A good method of teaching science is to write notes
on the board most of the time.

Most of my high school science courses had enough
experiments.

In science courses, one ought to go on field trips
often.

Science courses ought to be mostly lectures.

Science courses ought to prepare you for your career.

You learn more from demonstrations the teacher does
than experiments you do yourself.

A good way to teach light (optics) is to draw ray
diagrams.

Most high school science labs seem to relate to the
course,

Grade XII science teachers should teach for finals
most of the vyear.

Science Teacher

32)
43)

Science teachers don't have to have a sense of humor.
Science teachers ought to remember that at one time
they didn't know any science.




44)
47)

52)
53)

56)
59)
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Good science teachers are strict in class.

The science teacher's main job is to get the stu-
dents involved in the subject.

The science teacher ought to be friends with the
whole class, but not with any one person.

Science teachers ought to be forceful and thorough.

The best science teachers explain things simply.

I expect the science teacher to enjoy the labs as
much as I do.

Junior High Science

39)
40)
50)

57)
58)

63)

64)

There was too much lab work in my Grade IX science
course.

Studying internal combustion engines in Grade IX
was boring.

Grade VIII science was a work course, compared to
English, which was a fun course.

The study of rocks in Grade VIII was enjoyable.

Grade IX science seemed to be mostly "read the
chapter and make notes."

In junior high science, the best part was doing
something with equipment.

The plant study made Grade VII science interesting.
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APPENDIX D

SIGNIFICANT CHOICE DISTRIBUTIONS BY VARIABLES

AND ATTITUDE ORJECT
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DETAILED ANALYSIS OF RESPONSES RELATED TO
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SUB-QUESTION II-~d
SUB-QUESTION II-e, VARIABLES 16, 17, 18
SUB-QUESTION II-e, VARIABLES 19, 20, 21, 22, 23
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1. Detailed Analysis of Responses Related to Sub-Question
IT-~a

Total group attitudes toward physics. Unless

otherwise stated, all items and percentages are shown in
Table V. Greatest unanimity of attitude was shown for
Item 30, "You have to be good in mathematics to be good
in physics," with 81% agreement. This compares with
69.2% (Item 7, Table III) of the subjects who had been
told ‘that "You need to be good in mathematics to be good
in physics." The next largest Dyay was shown for item 46,
“Chemistry goes best with biology." This item showed
50.9% agreement, which did not fully account for the
large Dmax, others, item 30 and item 60 for example,
showing higher percentages of agreement and disagreement.
The high percentage of "don't know" responses for item
46, 35.0%, may account for the differences. Item 12,
"I've been told that chemistry goes best with biology,"
had 53.5% agreement. Very few subjects appeared to
disagree with what they have been told about the rela-
tionship of chemistry and biology.

Item 60, "I see a close connection between physics

and my choice of career," had the highest negative
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response, with 38.6% strongly disagreeing, 14.8%
mildly disagreeing, and only a total of 28% agreement.
This could be compared with the positive response to
item 4, "I need physics for my choice of career, of
31.0%. This may be also compared to the response to
item 24 (Table III), where it was shown that 46.3% of the
subjects had credit in, or were enrolled in, Grade XII
physics. Few physics students take the subject for
reasons not attributable to career needs. Item 62, "A
well educated person ought to have taken physics," and
item 34, "Physics is a course that is slanted toward
boys," have the distinction of having the lowest Dpax's
in this attitude object group. More students disagree
(47.3%), or don't know (20.7%) for item 62 than agree
(31.7%) . This item also produced 13 of the pairs of
groups having significant differences at the .01 level
in Table XIV (Appendix D). The percentage of agreement
with item 34 was 50.3, and this item showed a signifi-
cant difference at the .01 level for choices of girls
vs. boys. This agreement of 50.3% compared with item
5, Table III, where only 23.8% of the respondents had

been told that physics was a subject for boys.
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Item 35, "Physics is one of the most difficult
high school subjects," showed 53.5% agreement compared
to item 6, Table III, in which 67.7% of the respondents
had been told that physics is a very difficult subject.
"Physics is mostly a bunch of formulas," item 45, showed
47.4% agreement, with a substantial percentage, 28, who
refused to commit themselves. Table XIV, Appendix D,
shows that at least 10 pairs of groups differed signi-
ficantly in their response to this statement. For
item 54, "To me biology is more appealing than physics,"
41.8% strongly agreed, plus 11l.6% who agreed mildly,
and only 28.0% disagreed. This may be compared to the
46.3% (item 24, Table III) of the population who were
enrolled in or had credit in Grade XII physics. Appar-
ently many students, even though enrolled in physics,
found biology preferable. Item 55, "The most interesting
part of physics is the problem solving," showed 35.9%
(highest in this attitude object group) who didn't know,
the remainder being divided 26.9% agreeing and 36.6%
disagreeing. This item (55) shows 11 pairs of groups
who differ significantly (at this .01 level) in their

responses (Table XIV, Appendix D).
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Item 37, "Physics deals with things the average
person needs to know," shows 33% agreement, 45% dis-
agreement, and 13 pairs of groups differing signifi-
cantly (at the .01 level) in their responses (Table

XIV, Appendix D).

Total group attitudes toward science teaching.

Unless otherwise stated, all items and percentages
refer to Table V. As previously stated, the average
Dpax for this attitude object group was found to be

the highest for the four groups. This can be inter-
preted to mean that greater unanimity of opinion can be
expected toward these attitude statements. The highest
Dpax (.514) for all the 35 statements of this attitude
portion of the questionnaire was found for item 31,
"You have to really know science to teach it well."

Of the respondents, 71.4% agreed strongly, and 16.5%
agreed mildly with only 7.8% expressing disagreement.
It would seem that students expect teachers of science
to be well grounded in their subject matter. Next
highest Dpax (.377) in this group was for item 51,
"Most high school science labs seem to relate to the

course, " with 77.7% of the respondents expressing
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agreement. Items 31 and 51 showed no significant dif-
ferences (at the .01 level) between any of the 32 groups
identified (Table XIV, Appendix D). Lowest Dpax's were
for item 49 (.125), "A good way to teach optics is to
draw ray diagrams” and item 61 (.169), "Grade XII
science teachers should teach for finals most of the
year." Agreement with item 49 amounted to 32.7%, dis-
agreement 27.5%, and a very high 39.8% didn't know. As
could be expected, three pairs of groups differed sig-
nificantly at the .01 level on this item (Table XIV).
Responses to item 61 were 56.9% agreement, 31.6% disagree-
ment, and 3 pairs of groups differed significantly (at
.01 level) in their responses (Table XIV). Sixty-five
point six percent of students rejected writing notes on
the board as a good method of teaching science (item 33).
It is interesting to speculate why 8% of the respondents
agreed strongly with this statement. Students also
rejected even more strongly the lecture method of
instruction (item 41) with 73.3% disagreeing with the
statement. Though 62.5% of the respondents disagreed
that you learn more from demonstrations the teacher does

than ffom experiments you do yourself, a surprising 28%
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of the subjects agreed (item 48). In item 38, "In
science courses, one ought to go on field trips often,"
66.9% of the students agreed. Item 42, "Science courses
ought to prepare you for your career,” received 68.1%
agreement. "Most of my high school science courses

had enough experiments," item 36, drew 59.% of agree-

ment.

Total group attitudes toward science teachers.

This group of attitude object responses had an average
Dmax (.248) that was second highest of the four, indi-
cating considerable unanimity of opinion. This was
confirmed by the low number of significantly different
groups revealed by Table XIV, Appendix D.

Item 47, "The science teacher's main job is to
get students involved in the subject," had 42% strongly
agree, 36.7% mildly agree, and only 11.8% disagreement.
Equally strong concurrence (47.2% + 32.4%) was found
with item 56, "The best science teachers explain things
sinply." ©Next in frequency of positive response was
item 52, "The science teacher ought to be friends with

the whole class, but not with any one person," with 38.2%
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of the subjects agreeing strongly, 32.0% agreeing mildly,
only 13.1% disagreeing. Strong agreement was registered
for Item 43, "Science teachers ought to remember that at
one time they didn't know any science," with 36.7% and
26.5% agree responses. Least unanimity was shown for
item 53, "Science teachers ought to be forceful and
thorough, " with 52% agreement, 32.8% disagreement. This
was general, though, with no groups differing signifi-
cantly in strength of agreement (Table XIV). More
students disagreed (53.7%) that "Good science teachers
are strict in class" than agreed (29.3%) (item 44).

It is interesting to speculate what it might mean
to approve of teachers being forceful and thorough, but
to disapprove of them being strict. Sixty point nine
percent of the respondents disagree that "Science
teachers don't have to have a sense of humor" (item
32), while 50.3% agree that they expect the science
teacher to enjoy the labs as much as they do (item 59).
More subjects did not know (26.4%) how they reacted to
item 59, than to any other item in this attitude object

group.
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Total group attitudes toward junior high school

science experiences. This group of attitude object

responses showed least unanimity of opinion overall,
though some individual items had high unanimity. The
Dmax average was .169. The high number of signifi-
cantly different groups (except for items 58 and 63)
confirm this (Table XIV). This attitude object group
showed most uniformly large "don't know" responses. One
explanation would be that memory of junior high school
experiences has dimmed for many students.

Item 58, "Grade IX science seemed to be mostly
‘read the chapter and make notes,'" with .066, had the

distinction of having the lowest D, .. of any of the 35

X
items. With item 31 it shared the distinction of
revealing no significantly different groups at either
the .05 or the .01 level (Table XIV): 46.6% of respon-
dents agreed with the statement and 34.4% disagreed.
Item 39, "There was too much lab work in my Grade IX
science course," elicited strongest negative response
in this attitude object group, 71.4% disagreement.

Greatest percentage of agreement responses was to item

63 (62.1%), "In junior high science, the best part was
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doing something with equipment." Item 50, "Grade VIII
science was a work course, compared to English, which

was a fun course," drew 42.5% negative response, com-
pared to 20.4% positive response. This appeared to be

a uniformly distributed feeling--there were no signifi-
cant differences between groups at the .01 level (Table
XIV). A slightly higher percentage (35.5%) of the
respondents found the study of rocks in Grade VIII enjoy-
able (item 57) than found it disagreeable (26.5). Thirty-
seven point seven percent, the largest number in this
attitude object group, reported no opinion. Perhaps

they could not remember. Is rock study most forgettable?
"Studying internal combustion engines in Grade IX was
boring," (item 40) had the second lowest Dpax in this
group, with 35.2% agreement and 49.8% disagreement. It
also had the largest number of significant differences
between groups, 10 (Teble XIV). Item 64, “"The plant
study made Grade VII science interesting," an item that
will be returned to later in the study, called forth

46 .6% agreement, 26.8% disagreement, and also had a

large number of significantly different groups (8) as

shown in Table XIV.
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2. Detailed Analysis of Responses Related to sub-
gquestion II-b

Attitudes toward physics. All groups responding

"yves" to needing physics for further education or career
showed a lower percentage agreeing with item 54, "To me
biology is more appealing than physics," than those

groups responding "no." For example, with reference to
variable 4, those who agreed that they needed physics

for their choice of career, 35.2% agreed that biology

appealed more to them than physics. 0f those who responded

that they did not need physics for their choice of career,

64.2% agreed that biology appealed more than physics.
Not surprisingly, all groups responding "yes" to need
for physics for career or further education showed a

higher percentage of agreement with item 60, "I see a

close connection between physics and my career," than

those responding "no." All four groups responding "yes
to need for physics showed a higher percentage of

agreement with item 62, "A well educated person ought
to have taken physics," than those responding "no" to

need for physics. However, none of the groups, either

needing or not needing physics, showed as much as 50%



226

agreement with item 62. Item 37, "Physics deals with
things the average person needs to know, " showed all
four groups who needed physics for career or further
education showing a higher percentage of agreement than
those not needing physics; but as with item 62, no group
exceeded 50% agreement with item 37. Item 35, "Physics
is one of the most difficult high school subjects," drew
a greater percentage of agreement from those who did

not need physics than from those who needed it. How-
ever, all groups showed agreement rather than disagree-
ment with this item.

For item 55, "The most interesting part of physics
is the problem solving, " it appears that if a group
needed physics for further education or career they
showed a higher percentage agreeing (and lower percentage
not knowing) than those not needing physics. All groups
showed higher percentage disagreeing with item 55,

Item 45, "Physics is mostly a bunch of formulas, "
drew differing percentage distributions for variables 1
and 3; It is notable that those needing physics for
further education and career showed 55.7% and 53.2%

agreement, and 12% and 11.2% "don't know," while those
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not needing physics showed 45.0% and 44.0% agreement,
but 29.6% and 38.2% "don't know."

Not unexpectedly, those students needing physics
did not show as high a percentage agreeing with item 46,
"Chemistry goes best with biology," as those not need-
ing physics. The figures were 43.3% and 44.5% agree-
ment with item 46, for those needing physics, 57.6%

and 55.4% agreement for those not needing physics.

Attitudes toward science teaching. Significantly

differing percentage distributions of responses in items
related to attitudes to science teaching were two in
number, to items 38 and 48, and only showed for wvariable
3. The group needing physics for their further education
showed a lower percentage of responses agreeing with item
38, 59.6% ("In science courses, one ought to go on field
trips often"), than those not needing physics, 71.5%.
This will be discussed further in the analysis of
variable 24b. The group needing physics for their
further education showed a lower percentage of responses
disagreeing with item 48, 59.9%, "You learn more from

demonstrations the teacher does than experiments you do
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vourself," than those not needing physics, 65.2%.

Attitudes toward science teachers. Significantly

differing percentage distributions of response in items
related to attitudes toward science teachers were two
in number, items 43, 56, and only showed for variable 1.
The group not needing physics for enrcllment in univer-
sity showed a slightly higher percentage of responses
agreeing with item 43, 66.6%, "Science teachers ought
to remember that at one time they didn't know any
science," than those needing physics, 56.7%. The group
not needing physics showed a very slightly higher per-
centage of responses, 80.5%, agreeing with item 56,
"The best science teachers explain things simply" than

those needing physics, 78.2%.

Attitudes toward junior high school science

experiences. Significantly differing percentage distri-

butions of responses in items related to attitudes
toward junior high school science experiences were
three in number, items 40, 64 and 39. Item 40 drew

di ffering percentage distributions from variables 1, 3

and 4. The group not needing physics generally showed
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a higher percentage of responses agreeing with item 40,
"Studying internal combustion engines in Grade IX was
boring," than those not. The percentage distributions
from variable 3 are illuminating. For those not needing
physics, 41.8% agree with item 40, 44 ,0% disagree, and
for those needing physics 24.3% agree with item 40, and
60.6% disagree. The group not needing physics tended to
show a higher percentage of those agreeing with item 64,
"The plant study made Grade VI interesting," while

those needing physics tended to show a lower percentage
of agreement. The gréup needing physics for enrollment
in an Institute of Technology showed a lower percentage
disagreeing that there was too much laboratory work in
their Grade IX science course, 64.6%, than those not,
70.7%.

3. Detailed 2Znalysis of Responses Related to Sub-
question IIc

Attitudes toward physics. Those responding "yes"

to item 6, variable 6, "I‘ve been told that physics is
a very difficult subject," had a higher percentage agree-
ing with items 34, 35, 45 and 54 than those responding

"no" to item 6. The group who responded "yes"” to item 5
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"I've been told that physics is a subject for boys,"
also showed a higher percentage who agreed with item 34,

than those who said "no." The group who responded "yes"
to item 7, "I've been told that you have to be good in
mathematics to be good in physics," also showed a
higher percentage who agreed with items 35 and 45 than
did those who responded "no" to item 7.

For item 34, "Physics is a course that is slanted
toward boys," 71.0% of the group responding "yes" to
item 5 agreed with item 34, 43.6% of those responding
"no" to item 5 agreed with item 34. The percentage of
subjects agreeing with item 34, who responded "yveg"
or "no" to item 6, were 54.7% and 43.2%, respectively.
Sixty~three point one percent of the subjects who
responded "yes" to item 6 agreed with item 35, "Physics
is one of the most difficult high school subjects, " only
33.2% of those who responded "no" to item 6 agreed with
item 35. The corresponding percentages for those sub-
jects responding "yes" or "no" to item 7 were 38.9% and
40.4%. Item 45, "Physics is mostly a bunch of formulas,®

drew 49.0% of agreement from the group who had been told

that physics is a difficult subject (item 6) and 51.5%
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agreement from those tcld that you have to be good in
mathematics to be good in physics (item 7). The per-
centages of agreement for those responding "no'" to
items 6 and 7 were 44.4% and 49.0% respectively. Sixty
percent of those responding "yes" to item 6 agreed that
biology was more appealing than physics (item 54) with
37.6% of agreement from those saying "no" to item 6.
Sixty percent of subjects who had been told that chemis-
try goes with biology ("yes" to item 12) agreed with
item 54. Forty-five point nine percent of subjects
responding "no" to item 12 agreed with item 54.

Subjects responding "yes" to item 6 showed a
lower percentage of agreement with items 37, 55, 60 and
62 than did the subjects responding "no" to item 6.
Item 37, "Physics deals with things the average person
needs to know, " brought agreement from 28.3% of sub-
jects answering "yes" to item 6 and from 43.2% of
subjects answering "no" to item 6.

Item 55, "The most interesting part of physics
is the problem solving," elicited 23% agreement from
subjects who had been told physics was a very diffi-

cult subject ("yes" item 6), and 35.6% agreement from
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those who had not been so told ("no" item 6). It

would seem that if you have not been told that physics
is difficult you are more likely to enjoy the problem
solving. Almost the same percentage, 26.5%, 26.4%, of
those who had or had not been told that chemistry goes
with physics ("yes," "no" item 11) agreed with item 55.
However, 44.2% of those who had been told that chemistry
goes with physics ("yes" item 11) disagreed with item
55, as compared with 32.1% of those who responded "no"
to item 11.

"I see a close connection between physics and my
choice of career" (item 60) called forth agreement from
only 22.2% of those subjects who responded "yes" to item
6. Forty-one point two percent of those who had not
been told physics is a very difficult subject agreed
with item 60.

Item 62, "A well educated person ought to have
taken physics," brought 29.2% agreement from subjects
responding "yes" to item 6, and 37.6% agreement from
those responding "no."

It would seem that if you have been told that

physics is a very difficult subject you are more likely
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to feel that it has little place in general education.
Thirty-seven point seven percent of those subjects who
had been told chemistry goes with physics ("yes" item
11) agreed with item 62, compared to 26.5% who agreed
with item 62, who responded "no" to item 11.

Not surprisingly, 88.1% of those who had been
told that you have to be good in mathematics to be good
in physics ("yes" item 7) agreed with item 30, "You
have to be good in mathematics to be good in physics,”
and so did 65.4% of those who had not been so told
("no" item 7).

Again it should not surprise that 69.6% of those
subjects who had been told that chemistry goes with
biocology ("yes" item 12) agreed with item 46, "Chemistry
goes best with biology," but only 30.8% of those

responding "no" to item 12 agreed with item 46.

Attitudes toward science teachers. Only variable

13, "I've been told that biology goes with physics,"
produced a significant difference in the percentages
of subjects responding to an item related to the science

teacher, item 32, "Science teachers don't have to have a



234

sense of humor." From the very small group, 54 subjects
--Table XIII, Appendix, who had been told that biology
goes with physics ("yes" to item 13), 37% agreed with
item 32, compared with 18.8% agreement from the much
larger group (750 subjects, Table XIII Appendix) who
said "no" to item 13. It is interesting to speculate
why those students who have bzen told that physics goes
with biology should also be morevready to accept a
humorless science teacher. Maybe it's the group report-

ing that they were told that physics goes with biology

who have the sense of humor!

Attitudes toward junior high school science

experiences. Items 40 and 64 drew differing percentages

of agreement from the groups "vyes"” or "no" of variable

6, and item 40 also produced differing percentages of
agreement from the groups responding "yes" or "no" to
variable 13. The percentages of subjects who had or had
not been told that physics is a difficult subject, "yes"
"no" to item 6, who agreed with item 40, "Studying
internal combustion engines in Grade IX was boring,"

was 39.7% and 26.4% respectively. Forty-four point four

percent of the subjects who had been told that biology
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goes with physics, "yes" to item 13, agreed with item
40, compared to 34.6% of agreement from those answering
"no" to item 13.

Finally, 50.9% of subjects responding "yes" to
item 6 agreed with item 64 ("The plant study made Grade
VII science interesting") while 38.4% of those respond-
ing "no" to item 6 agreed with item 64.

4, Detailed Analysis of Responses Related to Sub-
guestion IId

Attitudes toward physics. Forty-five point two

percent of subjects who reported that they had been
advised by their high school counsellor to take Physics
10, "yes" item 10, showed agreement with item 37,
"Physics deals with things the average person needs to
know," as compared with 29.3% who agreed having

responded "no" to item 10. Sixty-one point one percent
of subjects who reported that their junior high coun-
sellor had advised them to take PFhysics 10, "yes" to
item 8, agreed that physics is mostly a bunch of formu-
las, item 45, while only 43.0% of those not so advised,

"no" to item 8, agreed with item 45. Does experience
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with physics convince students that it is "mostly a
bunch of formulas"? This question will be considered
again in the analysis of variable 24b. Those respond-
ing "yes" to item 8 showed 34.0% who agreed with item
55, "The most interesting part of physics is the prob-
lem solving," compared to 24.0% agreement from those
who responded "no" to item 8. Thirty-nine point nine
percent of those responding "yes" to item 8 agreed

that a well educated person ought to have taken physics
(item 62) compared to 27.0% of those responding "no" to

item 8.

Attitudes towards science teaching. Twenty-five

point four percent of subjects who reported that choice
of Grade X science had been left up to them by their
junior high counsellor ("yes" to item 9) agreed that

you learn more from demonstrations the teacher does than
from experiments you do yourself (item 48), compared to
35.1% of agreement from those reporting "no" to item 10.
Students who were given decision responsibilities by
their counsellor in junior high seem to be more likely
to want to find out for themselves in later science

experiences.
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Attitudes toward the science teacher. O0Of the

subjects who responded "yes" to item 8, 37.3% agreed
that they expect the science teacher to enjoy the labs
as much as they do (item 49), compared to 55.2% who
agreed with item 49, who said their junior high counsel-
lor had not advised them to take Physics 10 ("no" to
item 8). This will be referred to again in considera-
tion of responses to item 24b.

5. Detailed Analysis of Responses Related to Sub-
guestion IIe, Variables 16, 17, 18

Sixty-five percent of the group who responded
"yes" to item 16, "I needed biology, so I decided not to
take Physics 10," agreed that "Chemistry goes best with
biology," item 46, compared with 42.2% agreement of the
group who responded "no" to item 16. This compared

with the agree percentages of responses of those who

needed or did not need chemistry ("ves" item 18, or "no
item 18) of 67.0% and 41.6%, respectively. A percentage
of 92.4% of subjects who responded "yes" to item 16
agreed that biology was more appealing to them than

physics, item 54, compared to 67.9% of those responding

"no" to item 16. That is, 67.9% of those who did not
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take physics, and did not do so because they needed
chemistry, agreed that biology was more ap?ealing than
physics.

The only pair of groups of the 32 who significantly
differed in response to item 33, "A good method of teach-
ing science is to write notes on the board most of the

time," were those responding "yes" and "no" to item 18,
"I needed chemistry so I decided not to take Physics 10."
The respective percentage agreements with item 33 were
40.2% and 20.5%. Why should twice as high a percentage
of students who dropped physics in order to take chemis-
try be accepting to a note-writing style of instruction,
compared to those that dropped physics for some other
reason? This same group who responded "yes" to item 18
had 70.1% of agreement with item 61, "Grade XII science
teachers should teach for finals most of the year,”
compared to 61.5% of those who responded "no" to item 18.
Fifty-seven point one percent of those responding
"ves" to item 16, "I needed biology, so I decided not to
take Physics 10," agreed with item 40, "Studying inter-

nal combustion engines in Grade IX was boring," compared

with 37.7% who responded "no" to item 16.
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6. Detailed Analysis of Responses Related to Sub-
guestion ITe, Variables 19, 20, 21, 22, 23

Subjects who responded "yes" to item 19, "I had
no choice, I had to take Physics 1l0," as compared to

1

those who responded '"no" to item 19, agreed 60.1% and
53.9% with item 35, "Physics is one of the most diffi-
cult high school subjects." Those who responded "yes"
to item 19 showed 53.5% agreement with item 54, "Biology
is more appealing than physics," compared to 40.2%
agreement from those who responded "no" to item 19.

Item 20 reads, "Biology didn't appeal to me, so I took
Physics 10." Subjects who responded "yes" to item 20,

as compared to those who responded "no," showed 30.3%
and 63.1% agreement with item 46, "Chemistry goes best
with biology." The percentages were 17.9% and 58.8%

for agreement with item 54, "To me, biology is more
appealing than physics." Two explanations suggest them-
selves why there is even 17.9% agreement, one, either
unwitting or deliberate falsification of response, two,
a changeover in attitude between Grade X and Grade XII.

Subjects who responded "yes" to item 20 showed 43.2%

agreement with item 60, "I see a close connection
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between physics and my choice of career," as compared

to 32.3% agreement by those who had responded "no" to
item 19. Those who responded "yes" to item 20 showed
53.4% agreement with item 38, "In science courses, one
ought to go on field trips often," compared to 69.9%
agreement for those who responded "no" to item 20. Per-
haps those responding "yes" to item 20 saw fewer oppor-
tunities to relate field trips to physics than to
biology. Fifty-three point four percent of those who
responded "yes" to item 20 agreed with item 59, "I
expect the science teacher to enjoy the labs as much as
I do," compared to 40.7% agreement with item 59 of those
who responded "no" to item 20.

Subjects who responded "yes" to item 21, "I
couldn't get biology or chemistry until Grade XI, so I
took Physics 10, " showed 67.1% agreement with item 46,
"Chemistry goes best with biology," compared to 47.6%
agreement from subjects who responded "no" to item 21.
Responses to item 54, "To me, biology is more appealing
than physics," were 73.6% and 37.5% agreement, respec-
tively. Responses to item 60, "I see a close connection

between physics and my choice of career," were 16.5%
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and 39.0% agreement respectively. Responses were 55.0%
and 36.6% respectively to item 64, "The plant study
made Grade VII science interesting."”

Responses to items 22 and 23 will be considered
together. 1Item 22 reads "I thought I needed Physics 10
for my career, so I took Physics 10" and item 23 reads
"I took Physics 10, though I didn't need it for my
career." One could expect that the response patterns
would be mirror images--that is those responding "yes"
to 22 ought to respond "no" to 23. In the case of
responses to items 27, 54, 60 and 62, which appear as
significantly different pairs of percentage responses
under both variables, this is substantially true.
However, one item, 55, appears in the distributions of
variable 22 but not in those of variable 23. The reverse
is true for the distributions of item 46--it appears
under variable 23 but not under variable 22. Forty-
nine point four percent of those responding "yes" to
item 22 agreed with item 37, "Physics deals with things
the average person needs to know," compared to 30.2%
agreeing who responded "no" to item 22. Corresponding

percentages of agreement to item 54, "To me biology is
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more appealing than physics,'" were 33.7% and 53.1%.
For item 60, "I see a close connection between physics
and my career," the percentages were 51.3% and 19.9%.
The low percentage of subjects, 51.3%, who agreed that
they saw a close connection between physics and their
career, who all took Physics 10 because they thought
they needed it for their career, may be accounted for
by change in career plans over 3 years of high school.
Forty-nine point one percent of subjects who said
"yes" to item 22 agreed with item 62, "A well educated
person ought to have taken physics," compared to 28.4%
of subjects who responded "no" to item 22. Forty-three
point four percent of subjects Who said "yes" to item
22 agreed with item 55, "The most interesting part of
physics is the problem solving, " compared to the 29.5%

of those who said "no" to item 22. Fifty-eight point

seven percent of those responding "yes" to item 23 agreed

with item 46, "Chemistry goes best with bioclogy," com-

pared to 45.2% of those who said "no" to item 23.



