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ABSTRACT

This study explores the classroom perceptions of physics held by both
teachers and students. A method of introducing technological
applications into the classroom based on the generative learning model

is investigated.

Students’ views of school physics were examined by interviews with 60
7th form (17-18 years) students and surveys with 426 6th form (16-17
yea§§) and 168 7th form physics students. The interviews and surveys
showed that physics students generally had negative perceptions of
school physics. The students ascribed these perceptions mainly to the
apparent lack of relevance. The study also examined the students’
reasons for studying physics at secondary school and university. The
major reasons given were career choice and interest. There were
significant gender differences in career choice. The initial career

destination of New Zealand physics graduates was also investigated.

The ideas of the generative learning model and mini-theories were used
as a theoretical base for the introduction of technological
applications. One of the 1important aspects of these models is the
learner’'s existing knowledge (which includes interests). The
students’ interests in technological applications were explored by
interviews (40 students) and surveys (500 students). The results
indicated that students were interested 1in applications within their
own environment, directly involving people and aspects which
corresponded to their intended careers and anticipated needs. There
were gender differences 1in 1nterest. Students were generally not

interested in 'school’ physics or domestic applications.
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Teachers’ approaches to the teaching and learning of school physics
were examined by interviews (12) and their views on the introduction
of technological applications were investigated by surveys (204). The
findings were consistent with a transmission view of teaching and an

overloaded syllabus.

In a small study possible ways of introducing technological
applications were examined. A new teaching strategy, based on the
generative learning model, was developed for the two 7th form physics
topics of electrical capacitance and the Doppler effect. These
strategies were initially trialled with two classes and then with
other classes at two other schools. The classes were observed
throughout the +trials and teacher and student interviews were
undertaken. Compared with the previous teaching programmes the
students were generally very positive about the approaches. The
reasons students gave for being more positive were; the introduction
of technological applications that they were interested in and could
relate to, the experiments, individual projects, the class discussions
and being able to explore ideas for themselves. They were also more

confident to attempt traditional physics problems.

The implications of the findings for teaching and learning, the

curriculum and further research are discussed in the final chapter.
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CLASSROOM PERCEPTIONS OF PHYSICS AND THE INTRODUCTION OF TECHNOLOGICAL

APPLICATIONS

CHAPTER 1 INTRODUCTION

1.1 GENERAL BACKGROUND

In a society which is increasingly dependent on technological
development, it could be assumed that there would be a close
relationship between physics education and aspects of society,
particularly the natural and technological (Reeder, 1979). However,
physics education has developed somewhat independently of society
(Reeder, 1979). Fensham (1985) «criticized the science curricula of
the 1960's and 1970's on the grounds that they assumed that schooling
took place in a social vacuum. The emphasis was on the consolidation
of specific scientific concepts; its usefulness and application in
society was overlooked or omitted. In many western countries the
emphasis in school physics courses has been on the fundamental and
theoretical aspects (see section 2.5.2). Claxton (1984), commenting
on school physics in the United Kingdom, suggested that it had a
linguistic, mathematical and experimental superstructure which was
hardly ever intuitive and not wusually open to question. Diederich
(1969) also noted that in the United States, school physics programmes
emphasised the theoretical and experimental aspects. The PSSC physics
courses and others were developed mainly for those who would continue
to university and many of the new courses that were introduced in the
early seventies used PSSC as a basis (Lewis, 1972). Claxton (1984)
and Layton (1973a) suggested that this emphasis has led to school

physics being divorced from the students’ real world and even the
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scientists’ real world. Layton (1973a) noted that this has caused
severe problems in the learning of school physics. Fensham (1985)
also noted that this approach to teaching results in students
identifying physics as it is presented at school as the only way of
learning or doing it. Aspects of society such as the students’
everyday familiar world and technological change are often neither
related to physics lessons by the teacher nor relatable by the

students. Frequently students who can manipulate mathematical

abstractions correctly are assessed as being good physics students.

The teaching of physics in isolation from the students’ world must
influence their image of physics and the learning of physics.
Students’ perception of physics in terms of technological careers may
also be influenced. There have been suggestions that a more
technological approach which emphasises the everyday aspects of
physics could be beneficially introduced into school physics (e.g.
Layton, 1973a; Ziman, 1980). How this could be achieved and how it
affects the teaching and learning of physics is less certain. Fensham
(1985) indicated that very little 1is known about how students would
cope with conceptual learning 1if they began from a base of

familiarity.

1.2. THE NEW ZEALAND SITUATION

The present research took place mainly in physics classes at the 6th
and 7th form (16-18 years) level 1in New Zealand secondary schools.
Students begin secondary school in form 3 (13-14 years), and usually
study a general science course (biology, chemistry, physics and earth
science), among other subjects for the next three years. (Science is

compulsory for the first two years of secondary schooling.) At the
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end of these three years there is a national examination. In the 6th
form (16-17 yvears) that follows the student may opt for a combination
of any three separate sciences, physics, chemistry and biology. This
vear is now assessed internally but when this study began in 1985
there was still a national examination. In the final 7th form year
the student again chooses from physics, chemistry and biology and
there are national examinations - University Bursary and University
Scholarship. Few students attempt both examinations and only about

190 University Scholarships are awarded each year.

There has been a relative decline in physics students numbers at the
senior secondary school level since 1974, however their absolute
numbers have increased slightly. This may reflect a changing
population with broader abilities and interests rather than a trend
away from physics (Osborne, 1983). About 30% of the 6th formers study
physics. Girls account for 28% of these physics students. In the 7th
form 39% of students take physics. Girls again account for 28% of the
physics students. In comparison, 44% of the 7th formers study

chemistry, girls accounting for 46% of the chemistry students.

The percentage of 7th form physics classes taught by a person with a
degree in physics is approximately 50%. The proportion of physics
graduates to the total number of science graduates (excluding
mathematics) in schools is 11% compared with 50% for biology and 25%

for chemistry (Dodd et al. 1985).

The major emphasis of the present 6th form physics prescription is on
theoretical and experimental aspects, 1i.e knowledge and understanding
of basic facts, principles, generalizations, theories of physics,

familiarity with the experimental procedures and laboratory skills
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associated with the subject (Department of Education, 1972). The
preface to the teachers’ guide (Department of Education, 1972)
mentions that each topic should be related to each student’s own
experience but does not give ways in which this might be best
achieved. The 7th form prescription emphasises theoretical concepts,
experiments and mathematical language (Department of Education, 1373).
It concentrates on the unifying role of mechanics, the importance of
atomic and molecular structure, waves, fields and conservation laws.
Technological applications, or relating physics to the students’ world
or experiences, are only mentioned and virtually no guidance is given
to the teacher how to introduce them. Therefore school physics tends
to be taught in isolation from the students’ real world. The removal
of the 6th form external examination and reviews of the 7th form
prescription may allow for the relating of school physics to the

students’ own experiences (Pinder, 1986).

Teachers have been keen to obtain resource material about
technological applications (Jones, 1982a). However, there is less
certainty about how useful they find it in their day to day teaching,
how much it is used in classrooms, and the reactions of students to

such material.

New Zealand is a relatively small and isolated society. It may be
that the perceived lack of relevance, and the problems faced in the
teaching of physics, could be different from that in the major
industrial countries. Therefore students’ perceptions of physics in

New Zealand need to be examined.



1.3 THE OUTLINE OF THE STUDY

This study explores the image of school physics held by physics
students as it is currently taught i.e. in 1isolation from its
application to society. From these perceptions the study investigates
ways in which the teaching of physics could more effectively relate

the applications of physics to students at the secondary school level.

The ideas of the generative learning model (Osborne and Wittrock,
1985) and mini-theories (Claxton, 1984,1985 ) are used as a
theoretical base for the introduction of technological applications.
One of the important aspects of these models 1is the concept of
existing knowledge. Another element of the generative learning model
is the generation of 1links between sensory input and existing
knowledge. The individual is considered more likely to attend to a
learning situation which links to his/her existing knowledge
(including interests). The strategy for this study is to explore
students’ interests in physics and technology in and out of school and
to find appropriate technological applications to introduce into the
classroom. It is proposed that such technological applications may
provide some of these links and so improve the learning of school
physics. Teachers’' views of the present school physics programme are
explored, as well as their views on the introduction of applications.
Finally, various strategies for the introduction of technological
applications are examined. A new approach which uses the ideas of the

generative learning model is developed, trialled and evaluated.

A combination of qualitative and quantitative research strategies,
especially individual interviews and classroom observations were used.
Surveys were constructed from the interviews. The general outline of

the study is detailed below.
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Chapter 2 discusses the previous relevant research. Students’ reasons
for studying physics are explored, including career expectations and
interests. Students’ interests in physics and technology in and out
of school are investigated. The theoretical basis of this research,
with particular reference to constructivist and generative learning
models and mini-theories are discussed. The background to the
introduction of technological applications 1is analysed. Chapter 3
explores senior physics students’ perceptions of school physics, their
career choices, and reasons for studying physics. Chapter 4 presents
students’ interests in physics and technology 1in and out of school.
Gender differences in students’ interests are analysed. Chapter 5
describes different teachers’ approaches to the teaching and learning
of secondary school physics. Teachers’ views on the introduction of
technological applications are explored. Chapter 6 analyses possible
ways technological applications could be introduced into the teaching
and learning of physics. A new perspective utilising the ideas of the
generative learning model 1is developed. Chapter 7 describes the
trialling and evaluation of the new perspectives. Chapter 8
summarises the research findings, ‘draws conclusions and outlines

implications and areas for further research.



CHAPTER 2

PERSONAL RESPONSES TO PHYSICS: A REVIEW

2.1 OVERVIEW

This chapter begins by reviewing the literature on why students choose
physics at secondary school. It seems that students’ choice of
science subjects may be influenced by their perceptions of the various
subjects (Duckworth and Entwistle, 1974), (section 2.2.1). Subject
choice may be an early stage of career decision, and therefore career

expectations are also examined (section 2.2.2).

The study radiates out from the learner to explore the world outside
the classroom and more particularly the students’ interests in and out
of school as far as physics and technology are concerned (section
2.3). Section 2.4 examines learning theories as they apply to the
physics classroom and the affective factors involved. The emphasis is
on the constructivist tradition of learning and more particularly on
mini-theories and the generative learning model. These learning
models emphasise ‘the learners making sense of their world’'. Today's
world is basically technological and section 2.5 considers whether
technological applications may provide links between the students’
existing ideas (important from a constructivist perspective) and

secondary school physics concepts.
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2.2 WHY CHOOSE PHYSICS AT SCHOOL?

Head (1985) asked ‘why do different pupils make different subject
choices?’ He suggested that there are two possibilities. One is that
students have differing views of science and scientists and act
depending on their perceptions. The other is that the students all
share the same perceptions but react differently because they possess
different ‘self images’. Head noted that most students, those
choosing science and those not, share the same perceptions. Subject
choice, Head and Sutton (n.d) concluded, is therefore linked with the

students’ belief system or image of themselves.

Another reason put forward is that subject choice is an early stage of

career choice (Entwistle and Duckworth, 1977; Reid et al. 1974).

2.2.1 Matching the self and the subject

Duckworth and Entwistle (1974) suggested that the students’ choice of
science subjects may be influenced by how they perceive various
subjects. Their findings fell into three categories:

(i) Interest or lack of interest in the subject.

(ii) The difficulty or ease compared with other subjects.

(iii) The subject’s social benefit.
They developed a repertory grid to explore four attitudinal domains
among students (interest. difficulty, freedom and social benefit)
towards nine school subjects. In terms of interest, physics was
ranked sixth out of nine by fifth year secondary students. Subjects

such as biology, geography and chemistry were perceived as more
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interesting. The subjects less interesting than physics were
mathematics, Latin and French. Physics was considered the most
difficult subject, and geography and English were considered the
easiest. In the freedom domain, physics was again ranked sixth by the
students. In the social benefit domain, English was ranked the
highest with physics ranking seventh for girls and fifth for boys.
Those subjects directly involving people ranked highest for interest,
freedom and social benefit and lowest for difficulty. Similar
conclusions were reached by Ashton and Meredith (1969) who found that
physics in the senior secondary school was perceived by many students

as being difficult, dull, boring and irrelevant.
In summary, physics was perceived as being of less interest than
chemistry. It was considered to be the most difficult subject, and

rated low in terms of freedom and social benefit.

- The interest level of physics

The Physics Interface study (Jones, 1979) in New Zealand noted that
phyvsics students found physics slightly interesting and slightly
enjoyable. Gardner (1976) noted that a decline in enjoyment of
physics was displayed by most senior secondary school physics students
in Australia. However, intellectual-achievement-motivated students
with intellectual-achievement-pressing teachers maintained a high
level of enjoyment. Jones (1979) found that those students who
indicated that physics was easy (2% of the sample) felt that physics

lessons were interesting, enjoyable and they learnt a lot.
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Weltner et al. (1980) summarised the relationship between physics and

interest as follows;

(i) The interest of students in general in physics is relatively
low.

(ii) Boys show greater interest in physics than girls do.

(1i1) Interest in physics by physics students decreases in the higher
levels.

In the evaluation of the PLON (Project Curriculum Development in

Physics) project in the Netherlands boys scored higher on enjoyment

and achievement tests. Girls had a slightly more positive belief in

learning from investigation (Wierstra, 1984).

- The difficulty of physics

Physics is perceived as being difficult by nearly all students, even
those who were keenly interested (Duckworth and Entwistle, 1974).
Ormerod with Duckworth (1975) and Ormerod et al. (1979) suggest that
the evidence for the difficulty of studying the physical sciences and
its causes can be put into three categories:

(i) The views of students in general.

(ii) Science courses are taken by students of high intelligence.
(iii) Evidence from research studies indicating that chemistry and

physics are among the most difficult subjects.

Bridgman and Welch (1969) noted that students felt that physics was
always a difficult course. This was also found to be true in New
Zealand (Jones, 1979). Welch and Walberg (1967) noted that there was
a stigma of difficulty surrounding physics. Tamir et al. (1974) found
that physics was perceived as increasing in difficulty with the level
of schooling, that it was hard to learn and required special talents.

It has also been found that enrolments are negatively related to
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perceived course difficulty and the severity of grading (Ahlgren and
Walberg, 1973). Welch (1969) showed that girls and boys studying
physics were among the academically elite. Selkirk (1973) in his
study of Northumberland students also found high ability students in
physical science courses. Shayer (1972), wusing the hierarchy of
levels of mental development postulated by Inhelder and Piaget,
concluded that the physics and chemistry at O level and physics at A

level are conceptually too difficult for the average physics student.

Although much of this research was undertaken in Britain and the
United States, these general trends were also found in New Zealand
(Elley and Livingstone, 1972). They calculated the ability of 6th
formers in terms of the mean mark obtained in the School Certificate
examination for each student’s best three subjects plus English. They
found that students taking physics, chemistry and French in form 6 had
gained higher School Certificate marks than those taking geography,
biology and accounting. They also found that students taking physics
had lower 6th form grades than those 1in other subjects, even though
the former had had considerably higher School Certificate marks.
Again, the Learning in Science Project (Tasker et al. 1979) in New
Zealand showed that students have difficulty with concepts in the

physical sciences.

- The mathematics prerequisite

Many students studying physical science have difficulty with the
mathematics (Ashton and Meredith, 1969). Research in colleges in the
United States (Brown and Elliot, 1973) found that nearly 40% of those
questioned considered that they could do better in physics if they had
a better mathematics background, although most in fact, had a good

mathematics background. The introduction of new mathematics in
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Britain could have caused problems since physics curricula have been
designed for traditional mathematics syllabi (Ormerod with Duckworth,
1975). However, Hudson (1986), in his study of the relationship
between mathematics and physics success, found that students’
performance on tests of mathematics skills did not serve as an
indicator of success or failure in a physics course. Those students
who succeeded in physics appeared to have skills for solving the
reasoning questions independently of the skills used in purely

mathematical operations.

- The importance of the physics teacher

Students who are intellectually intense and who are taught by
intellectually stimulating teachers tend to maintain a favourable view
of physics throughout their schooling (Gardner, 1974, 1976). This
study concluded that achievement-teachers exerted favourable influence
on achievement-motivated students but not on students who were low in
achievement motivation. It was found that the less serious students
who were already more likely to decline 1in attitude during the year
would decline even more if placed with a serious teacher (Gardner,

1976).

Rothman, Welch and Walberg (1969) concluded that changes in students’
achievement and interest in physics were more strongly related to
teachers’ personalities and value systems than to the extent of the
teachers’ preparation in physics. Yager and Yager (1985) found that
as teacher qualifications in physics increase, student motivation and
interest may actually decrease. The teachers were seen by these
students as knowing all the answers to questions. However, Lovell and
White (1958) were unable to obtain a clear idea of whether liking or

disliking a teacher affected students choice of physics. The
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influence of the teacher 1is obviously important. although it appears

difficult to quantify that influence.

- The image of physicists

Students’ perceptions of physics may also be influenced by how they
perceive physicists. Several investigations have found negative
perceptions of science and scientists (Ahlgren and Walberg, 1973;

Gardner, 1974; Hudson, 1967).

Hudson (1967) questioned arts and science specialists at secondary
school about how they perceived a physicist as compared with a
novelist. Both groups considered that a physicist was ‘dependable and
hard-working’' whereas the novelist was ‘'imaginative, warm and
exciting’'. Adult physicists were perceived as leading dull personal
lives. 1In Australia, Mackay (1971) found that after students had
studied physics they saw physicists as being ‘less like other people’.
Ahlgren and Walberg (1973) asked 96 high school students to rate eight
different occupations - businessman, artist, teacher, plumber,
biologist, secretary, physicist and doctor. The students were also
required to rate another factor ‘me’ on a three dimensional grid with
axis of maturity, importance and friendliness. It was found that most

\ ’

students perceived ‘physicist’ as being the most remote from 'me

Gardner (1974) suggested that students who are more likely to be
submissive and conformists looked upon physicists with some sort of
affection and tolerance. In general, girls perceived physicists as
being completely opposite to the values they expressed (Bryhni and

Lie, 1985).
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- The social context of physics

It has been suggested that students may be deterred from choosing
physics because the material presented at school was too cut and
dried, and devoid of human content (Kelly, 1976; Woodall, 1967).
Kelly (1976) suggested that this affected girls more than boys because

they like to use their imaginations and express their own opinions.

It is generally accepted that girls are more interested in people-
oriented activities (Kelly, 1978). In a survey (Ahlgren and Walberg,
1973) of 1000 physics students the PSSC physics course was rated lower
on philosophical, social and humanitarian aspects than other courses.
This was to be expected because PSSC was primarily intended to
increase the accuracy and integrity of reasoning in the physics
course. The newer Harvard Project Physics (HPP) was rated higher in
three aspects and gender differences were apparent. There was a
stronger correlation between interest in physics and the ratings of
physics on humanitarian, social and artistic scales among girls
whereas among boys there were stronger correlations between interest

and applied practical ratings of physics.

Ormerod et al.(1979) showed that when social aspects of physical
science were introduced there was a favourable response among girls.
Their hypothesis was that physics, chemistry, mathematics and

geography were boys’ subjects, whereas the rest were girls’ subjects.
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~ Summary and Comment

Physics is perceived by many senior secondary school students to be
difficult, dull, boring and irrelevant. Interest 1in physics is
relatively low and interest levels decrease in the higher level of
school. Boys appear more interested than girls. Generally it is the
more able students who take the physical science subjects. Certain
types of students respond better to physics teaching than others e.g.
more serious students. Students generally have negative perceptions
of physicists although conformists tend to be more positive. Girls
often perceive physicists’ wvalues as opposing their own. School
physics generally appears to have a low social value although there
might be a more favourable response from students, particularly girls,

if social aspects of physical science were introduced.

2.2.2 Career considerations

Reyes (1984) argued that the perceived usefulness of a subject is an
important factor in determining whether students will elect to study
it. It has been suggested that one of the most important reasons for
studying a particular subject 1is that of career choice (Head and
Sutton, n.d; Lovell and White, 1958; Reid et al. 1974; Sjoberg, 1983).
The perceptions the students have of a particular job and how the
physical sciences relate to that job has a significant effect on the
subsequent choice of school subjects (Harding, 1983). Butcher (1969)
asked 300 Scottish students to rate 15 careers under the headings of
like, interest, salary, prestige, qualification and usefulness. For
‘like’ and ‘interest’ (i.e. the least factual headings) there were
striking differences in the rankings between the girls and boys. Boys

were much more interested in scientific careers while girls were more
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interested in those careers which directly involved people. Baldwin
(1975) examined the careers that students pursued on leaving college
or university and found that physics was the least popular. People
took elementary physics as a prerequisite to medicine, radiography
etc. Harding (1986) asked students to list the occupations that
interested them and the perceived importance of physical science in
the list of careers was explored. She found that physical science was
considered important by boys in all but two occupations whereas for
the girls it was considered important in only two. Kahle (1985) noted
that boys expressed considerable interest in using scientific
knowledge for future careers while girls expressed significantly less
interest. Again, girls were interested 1in working with and helping
people but boys were more technologically orientated (Bryhni and Lie,
1985). In the United States, Thomas (1986) showed that career
interest was a significant predictor of students’ interest in high
school science. She also found that having high occupational
expectations had a positive and significant effect on high school
science interest for males. These differences (particularly sex
differences) may be the reason why students have different perceptions

of physics.
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2.3 PHYSICS AND TECHNOLOGY: SPECIFIC INTERESTS IN AND OUT OF SCHOOL

2.3.1 Introduction

In section 2.2.1, it was suggested that interest was a major reason
for subject choice. The present section explores the question of
interests more specifically and adopts the view of Lind (1982) that

interest in physics and technology should be treated jointly.

Hasan (1975) concluded that the promotion of student interest in
science lessons and science-oriented careers has long been thought of
as an important objective. However, as Donovan et al. (1985)
reported, little emphasis on student interest and career awareness has
actually been studied. Sullivan (1979) also concluded that specific
interests in science have not been extensively researched. Recently,
however, there has been increased research in the area of student
interest in physics. The following sections discuss the work of:
Assessment of Performance Unit (A.P.U), 1985; Harvey and Edwards,
1980: Johnson and Murphy, 1986; Lazarowitz and Hertz Lazarowitz, 1979;
Lind, 1982; Sjoberg, 1983:; Smail and Kelly, 1984; Smail, Whyte and

Kelly, 1982; and Sullivan, 1979.

The majority of instruments used a scale of interest, for example
dislike - like, interested - very interested (e.g. Harvey and Edwards,
1980; Smail and Kelly, 1984; Sullivan, 1979). Smail, Whyte and Kelly
(1982) gave the students a choice of essay subjects. Lazarowitz and
Hertz Lazarowitz (1979) asked students to rank subjects and topics in
order of preference. Sjoberg (1983) attempted to relate interest to
success, perceptions and attitudes. Students were questioned on

hobbies, attitudinal statements and vocational choice. However, few
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of the instruments probed the reasons why students responded as they
did, although Weltner et al. (1980) did ask students why they would

watch certain fictional television programmes.

The findings of the reviewed literature fall into three main areas of
student interest;

(i) Interest in science topics generally.

(ii) Interest in existing physics lessons.

(ii1) Interest in out-of-school activities.

Within each of these categories there are noticeable sex differences.

2.3.2 Interest in science topics generally

Smail and Kelly (1984) listed 42 everyday world topics which could be
included in a science programme. Both sexes were interested in how a
record was made but did not want to know how a vacuum cleaner or
bicycle pump worked. However, 50% of boys but only 11% of girls
wanted to learn about ‘atoms and molecules’, whereas 54% of girls and
24% of boys wanted to know ‘how seeds grow into flowers', ‘How
machines work’, 67% of boys compared with 26% of girls were
interested. Seventy-one percent of boys and 46% of girls wanted to
learn more about the stars and planets. Combining all the 42 items
and using factor analysis it was found that boys were more interested
in the physical and technological aspects of the world and girls
appeared to be more interested in human and natural aspects.
Lazarowitz and Hertz Lazarowitz (1979) also found that girls were more
interested in the human body, 1life, plants and animals but boys were
more oriented to electricity and technology subjects. They noted that

students chose topics that were related to their personal lives and
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needs as well as those of general technological value. To find out
what educational television programmes students watch, Weltner et al.
(1980) presented the students with a list of 16 fictional programmes.
Both boys and girls preferred practical T.V. programmes rather than
theoretical ones, for example, ‘Let’s build a radio’ versus
‘Development of colour T.V'. Smail, Whyte and Kelly (1982) found that
when students were required to write essays, most boyvs chose ‘How cars
work’ or ‘Rockets and space travel’ while these were very unpopular
with the girls. Girls predominantly chose ‘The human body’', ‘Birds

near my home’, ‘Seeds’ or ‘Pond life’.

As far as technological applications were concerned, girls had a
greater interest in biological/medical applications and boys had
greater interest in technological applications e.g. atomic weapons.
Again, Sjoberg (1983) noted that the boys’ more positive attitudes
about technology carried over into the classroom. The A.P.U. (1985)
survey found that boys tended not to like biological-type activities
whereas girls did not like electricity. There is also a significant
difference between girls’ and boys’ interest in physics and biology
topics among younger children (8 years old) (Harvey and Edwards,
1980). Again, girls were more interested in biology than physics. In
older children both sexes appeared positive about science but whereas
boys were enthusiastic about physical science, girls were more
interested in biological topics (Smail and Kelly, 1984). Harding
(1986) noted that 75% of the topics preferred by girls are biological
in nature. Boys’' preferred topics are physics orientated (60%) and

generally to do with the application of science (80%).
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2.3.3 Interest in physics lessons currently offered

Physics students appeared to be interested in activity experiments,
(A.P.U., 1985; Weltner et al. 1980) solving difficult problems and
gaining a feeling of competence (Sjoberg, 1983). Lind (1982), using
factor analysis, noted three categories involving student interest in
physics lessons:

(1) Use of models of how physics and technical equipment works.

(ii) Exploration of interesting phenomena which raise questions.

(iii) Individual or group practical activities.

Weltner et al. (1980) noted that students were also interested in a
course orientated towards technological applications, with the
preference for technological aspects being more pronounced for boys.
Girls showed greatest interest in classroom approaches to physics
topics which refer to applications in medicine and 1in the home,
(Hoffman, 1985). 1In evaluating the PLON physics curriculum programme
in the Netherlands, Jong (1985) found that boys displayed a strong
preference for courses with technical topics whereas the girls were
more interested in the relationship between physics and society and
between physics and matters relating to the human body. In the
classroom it appears that the boys’ interests are met rather more than

the girls’ (Weltner et al. 1980).

2.3.4 Interest in out-of-school activities

According to Walberg (1969) hobbies are a powerful indicator of
students’ interests. Burns (1982) found that New Zealand girls have a
greater interest in biological-related hobbies and medical careers and

bovs in physics and engineering hobbies and careers. Johnson and
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Murphy (1986) noted that in the U.S.A., 10% more boys than girls had
worked with batteries and bulbs, magnets, floating and sinking outside
the classroom, but 10% more girls worked with music and sound. Among
11 vear-olds, 45% of boys and 16% of girls had played with ‘electrics’
and by 17 years of age 82% of boys and 34% of girls had used
‘electrics’. Johnson and Murphy (1986) concluded that boys were
interested in ‘how things work’ while girls were interested in health,
body, colour etc. Weltner et al. (1980) also noticed that boys were
significantly more interested than girls in ‘uses of experimental

kits’, ‘examination of technical equipment’ and ‘model construction’.

2.3.5 Summary and Comment

There are significant differences between boys’ and girls’ interests
in physics and technology. Boys are more interested in technological
aspects whereas girls are more interested in human/biological aspects
of life. Of the science subjects, boyvs are more interested in
physical science and girls in biological science. Within currently
offered physics lessons, students are interested in models of how
physics and equipment works, exploration of interesting phenomena and
practical activities. Boys are interested in technological
applications whereas girls are more interested 1in applications to

medicine.

The students’ reasons for these differences are to be further examined
in this study. If a technological approach to the teaching of physics
is desirable then it is necessary to explore in detail how students
respond to different types of technological applications e.g.

scientific, industrial, ‘hi-tech’, medical, domestic, etc.
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2.4 PHYSICS AND THE LEARNER

2.4.1 Learning theories and physics education

Driver (1982) noted three +traditions in research in educational

psychology with respect to science education. These are the
developmental tradition, the behaviourist tradition and the
constructivist tradition. Each of these brings a different

perspective to the teaching and learning of senior secondary school

physics.

The developmental tradition, based on the work of Piaget and his team
in Geneva, emphasises that learning 1is restricted by the age of the
student. Each student develops the capacity to accommodate and
assimilate increasingly difficult forms of knowledge with increasing
maturity. The rate of maturation differs between individuals but the
same path is followed. Although Piagetians acknowledge the role of
experience, the primary focus is on maturation (Driver, 1984). Each

maturation level is defined as stage development.

Shayer and Adey (1981) used the stage theory to recommend matching the
level of demand of the curriculum to the assessed stage of development
of the student. Renner and Lawson (1973) showed that in physics not
all senior secondary school physics students reached Piaget'’'s formal
stage and suggested that physics programmes should be developed to
promote mere formal thought. Driver (1984) and Head (1985) noted that
criticism of the developmental model 1is based on evidence that the
performance of any task could be more experience-related than age-
related. Also, Donaldson (1878) suggested that young children use

sophisticated thought processes in situations where the content is
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familiar. Gilbert and Watts (1983) noted that, starting from a
content-independent assumption, it seems possible to show an age-
related graduation in the quality of understanding of specific
content. However, when the opposite assumption was made (that

learning is context-dependent) no evidence of age relatedness was

found.

The behaviourist tradition, assumes that increasingly complex tasks
can be built up by reinforcement and learning in small steps. The
work of Gagné (1970) is based on a hierarchical scheme in which the
learning of complex tasks is built up from simpler forms of learning
in carefully constructed teaching programmes. This theory generally
makes no assumptions about the prior internal knowledge structure of
the student (Bell, 1985). No age limitations are assumed, i.e. the
;pproach relies on external conditioning. This tradition has been
used in building up physics concepts from simpler physics concepts
using task analysis. Driver (1984) suggested that instructional
programmes based on a logical task analysis may only be appropriate
for practical skills or manipulative skills involved 1in solving
equations. Similarly, White (1973) considered that verbal and
conceptual knowledge cannot be learnt this way. White and Mayer
(1980) suggested that different types of knowledge may be associated
with core skills and subskills in a learning hierarchy. They
categorise knowledge as consisting of intellectual skills, verbal

knowledge, images and episodes.

Head (1985) pointed out that in physics, learning does not always
occur according to an assumed logical teaching sequence. He used the
example of the sequence velocity-acceleration-force as being a logical

progression in physics. However it is found that students find it
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easier to gain some understanding of force than they do acceleration

(Jones, 1983; Osborne, 1980).

As Driver (1984) noted, the behaviourist tradition does not take into
account any existing knowledge structure which the student might bring
to the learning situation and which might influence the way the new

experience is assimilated.

The constructivist tradition, stresses the importance of a learner’s
existing knowledge in making sense of the world. Head (1985) noted
that although there 1is still some wuncertainty about the precise
importance of a learner’'s existing knowledge, recent research places
more and more emphasis on this factor. Osborne and Wittrock (1985)
also noted that there is an increasing enthusiasm for a constructivist
view of learning. The assumption behind the constructivist tradition
is that all learners hold some personal view of a topic prior to its
being taught. Learners are naturally mentally active, constructing
for any experience a meaning that 1is consistent with their existing
knowledge structures (Ausubel, 1968; Kelly, 1955). The learner’s view
of a topic, if it differs from the accepted scientific view, is not

considered an error but rather an alternative construction of reality.

This present investigation 1lies within the constructivist tradition.
In particular, it explores the notion of mini-theories (Claxton, 1984,

1985) and the generative learning model (Osborne and Wittrock, 1985).
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2.4.2 Mini-theories

Claxton (1984, 1985) argued that in learning about the world we
develop mini-theories which apply to specific situations that help us
to make predictions and dictate actions. Mini-theories also provide
explanations and descriptions. They may be subconscious,
unarticulated and applied in spontaneous and intuitive ways. Each
mini-theory is limited by the domain of experience to which it is

applied.

This means that we can have a mini-theory on what we think about
school physics, scientists, or our future employment. Claxton
(1984,1985) suggested that mini-theories can be dynamic or at least
temporarily fixed. For example, if the circumstances are changing
fast then so will the mini-theory. If, on the other hand, a mini-
theory has led to accurate predictions and has proved useful to the

learner, then it will remain fixed.

Concerning learners’ school science, Claxton (1984) argued that mini-
theories can be grouped into three separate areas, gut science, lay
science and school science. These types of mini-theories are bounded
by their own domains and generally do not overlap at all. Gut science
is in the domain of immediate experience and is based on intuitive and
spontaneous reaction. Lay science 1is based on the language used in
everyday situations and through the media. School science is based on
a symbolic and an idealised world which Claxton described as a fantasy
world. School physics, for example, has a linguistic, mathematical
and experimental superstructure which is sometimes not intuitive and
is not open to question. Teaching tends to be about a fantasy world

where lines have no width. ropes have no weight and feathers drop like
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lead. The student, once he or she has decided to study physics
accepts this knowledge because he or she has been told it is right or
true. Claxton suggested that the distinctions between gut science,
lay science and school science for the learner can be quite distinct.
Gut and lay physics continue to dominate the students’ out-of-school
life and school physics is something quite different, i.e for use only
in highly contrived classroom situations. Students could even have a
mini-theory of what they perceive physics to be. For example, if
physics is perceived as being just an extension of mathematics then
this may influence what the student attends to in the classroom. They
may have a mini-theory that consists of school physics not being
relevant to the everyday world, or a mini-theory about what they need
for a career or what they are interested in learning about. So there
are many mini-theories that a student may have about school physics
which may influence future learning. Physics students who try to
relate school physics to gut physics may become confused and this may
further reinforce separate physics mini-theories. Claxton suggested
that successful physics students may be those that manage to keep the
mini-theories separate and thus do not call up gut physics in the
classroomn. Indeed, Osborne (1984) suggested that a teacher who
relates the ideas being taught to everyday examples may hinder rather
than help because, in Claxton’'s terms this would call up unwanted
aspects of gut and lay physics. However, Osborne noted that only
limited meaningful learning arose from rote learning and the ability

to solve problems was not developed significantly.
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2.4.3 The generative learning model

The generative learning model is also’ within the constructivist
tradition (Osborne and Wittrock, 1983, 1985). The basis of the model
is:

" that people tend to generate perceptions and meanings that
are consistent with their prior learning. Those perceptions and
meanings are something additional both to the stimuli and the
learner’s existing knowledge. To construct meaning requires
effort on the part of the learner and links must be generated
between stimuli and stored information.”

[Osborne and Wittrock, 1985; p. 64 ]

The generative learning model therefore is principally concerned with
the idea that a learner is not a passive recipient of stimuli and so
learning does not occur automatically when teachers provide stimuli.
The learner is responsible for attending to and relating stimuli and
constructing a meaning from them. The learner will generate meanings
which are consistent with existing knowledge, experiences, abilities,
backgrounds and attitudes. The main feature of this model is the
generation of links between the selected input and those parts of the
memory store considered relevant by the student. The learner may test
the constructed meaning to see if it makes sense to them, to the real
world, and their own experiences. Ideas are then placed in long term
memory. The new ideas may be integrated with existing ideas or be
accommodated alongside. The key ideas of a generative learning model

are the importance of existing knowledge, selection, attention,

generating links and subsumption.

Existing knowledge is a key aspect of the theories of Claxton (1984,

1985) and Osborne and Wittrock (1985). Bell (1985) regarded existing



-28-
knowledge as comprising not only conceptual knowledge but also social
knowledge, memories of events, and associated experiences and
affective aspects associated with this knowledge. In Bell’'s (1985)
view, existing knowledge therefore includes how students perceive
various school subjects, their attitudes, feelings, emotions,
interests,and any factor which may influence future learning. Since
1976 there has been much research (e.g. Barker, 1986; Bell, 1985;
Happs. 1984) to elicit and record aspects of students’ existing
conceptual knowledge. In physics, Osborne and Freyberg (1985) noted
studies in kinematics (4), mechanics (13), force (6), energy (4),
friction (1), floating and sinking (3). gravity (4), pressure (2),

heat (3), temperature (3), light (5), and electric current (10).

However, non-propositional aspects of existing knowledge have also to
be considered. These include interests, longer-term career plans, the
desire to gain high marks, and whether or not lessons are perceived as
being relevant. Schollum and Osborne (1985) suggested that there are
three areas of relevance:

(1) to everyday events,

(ii) to pupils’ existing ideas,

(iii) to human relationships.

The learner may consider formal school physics to be irrelevant to the
real world because this ‘fantasy world’ (Claxton 1984) cannot be
linked to existing knowledge structures. This means that appropriate
learning is not achieved, i.e. new ideas are not subsumed. However,
an independent knowledge structure which Claxton (1984) called ‘school
science’ may result (Pope and Gilbert, 1985; Solomon, 1983). Outside

\

the physics classroom intuitive ideas (‘gut science’ and lay

science’) work well and the student does not attempt to integrate the
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two structures. This means that school physics may be learned by rote
and may not be retained in long term memory since it is not linked to
other experiences. Osborne and Wittrock (1985) noted that from a
constructivist view this learning is undesirable in the long term and
does not help students to develop a coherent view of why things
happen in the real world. They argued that to provide links to the
memory, the historical, technological and everyday aspects of
scientific ideas need to be integrated with the mathematical,
experimental and philosophical aspects. If students have no existing
ideas about a particular aspect of school physics then links can be
created by using the students’ interests or other aspects of existing

knowledge.

2.4.4 Summary and Comment

The constructivist tradition stresses the importance of a learner’s
existing knowledge and its importance in making sense of the world.
The perception which students have of physics i.e. their mini-theory
of school physics, may influence how they approach the learning of
physics. Physics knowledge may be in a separate cognitive structure
and students may have difficulty relating it to other cognitive

structures.

The key points 1in the generative learning model are that existing
knowledge influences what will be selected and attended to in the
environment. The learner generates meanings which are consistent with
existing knowledge, experiences. abilities, backgrounds and attitudes.
An important aspect in constructing meaning is the generation of links
between the selected input and those parts of the memory store

considered relevant by the learner. If students cannot generate links
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or make sense of the stimuli in terms of existing knowledge, then a
separate cognitive structure will develop. To generate links with
existing knowledge, lessons in physics must therefore be relevant in
terms of everyday events, students’ existing knowledge and human
relationships. Links need to be generated through the interests of
students, relating physics to their world, careers, future needs, etc.
It may be that in introducing technological applications of physics,
which are relevant to the learner, links would be generated between
the input and existing knowledge. This is explored in section 2.5.

There is however little evidence demonstrating how the generative
learning model might be wuseful 1in the physics classroom generally
(previous studies have mainly been in the area of conceptual change).
This needs to be explored. Also, it may be possible to extend the
generative learning model and mini-theories to encompass the affective
side of learning. Motivation to learn physics is examined in the next

section (2.4.5).

2.4.5 Motivation to Learn

As well as conceptual knowledge, affective factors, particularly
motivation (Hopstein and Kempa, 1985), are important 1in learning

science.

Kolesnik (1878) divided motivation into two broad categories;

(i) Extrinsic Motivation, i.e. outside sources, for example working
for grades.

(ii) Intrinsic Motivation, which arises from within the individual,

for example interest.
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He suggested that extrinsic motivation is acceptable in some
situations but argued that in general it 1is better to develop the
student’s interest in classroom material and stress its social
relevance so that students will study it because they want to. This
means the subject matter must be selected in relation to the students’
present experiences, interests, needs, concerns and problems.
Interests and concerns are by no means fixed, but an initial curiosity
about a topic can motivate students to study successfully (Smail and
Kelly, 1984). Interest could be wused as a motivational device to set
goals for student learning which are personally meaningful (Lazarowitz
and Hertz Lazarowitz, 1979). Kolesnik (1978) implied that classroom
learning depends not only on external stimuli but more on what the

stimuli mean to the student personally.

The constructivistic tradition of learning emphasises intrinsic
motivation. Osborne and Wittrock (1985) argued that learners are
likely to be well motivated if they genuinely feel that classroom
learning is helping them make better sense of their world. They
argued that in the constructivist tradition of learning there is no
need for an impulse-driven theory of motivation. Ausubel (1968)
argued that it is unrealistic to expect that secondary school science
and particularly physics can be meaningfully learnt and retained
unless students feel a need to acquire knowledge as an end in itself.
However, he also noted that it is difficult to stimulate the
development of such a need until the subject matter itself is
presented in a meaningful way. Thus motivational and affective
factors, although not directiyv 1involved 1in the cognitive process,

enhance effort, attention and immediate readiness for learning.
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Head and Sutton (n.d.) listed two basic assumptions about motivation:

(i) the major motivating force for human beings is their need to make
sense of their world.

(ii) the sense making experience is an important source of emotional

satisfaction.

Talisayon (1986) suggested that methods used by physics teachers to
motivate students can be categorised in two ways:
(1) showing that physics is fun.
(ii) emphasising the usefulness of physics to student life and
careers.
Hasan (1975) noted that students with a high level of interest in
science tended to participate well in science lessons, have a better
image of their science capabilities, rate their teachers as better
motivators and have more desire to follow a career in science. Thus
enhanced student interest is a high motivational factor to learn
science. Hopstein and Kempa (1985) suggested that learning
environments and teaching procedures which physics students perceive
as helpful to their future needs will enhance the enjoyment in
learning activities, and affective variables such as interest and

enjoyment will also be more evident (Reyes, 1984).

Future intention, e.g. a possible career 1is also a form of extrinsic
motivation (Allport, 1961). The way a student approaches the learning
of physics will therefore depend on how he or she perceives this
future need. The student who perceives that physics is needed for a
career because of its mathematical content will concentrate on that
aspect of physics. A student who needs high marks in school physics
to continue to some other field of study (for example, medicine) may

adopt an approach to gain the highest marks. Secondary school physics
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in New Zealand appears to be high 1in extrinsic motivation such as
career requirements, grades for restricted entry courses, and low in

intrinsic motivation such as enjoyment and interest (Jones and

Osborne, 1985).

The constructivist view of learning places the emphasis on intrinsic
motivation. In a learning situation this means that subject matter
needs to gain the attention of the learner and help the student make
better sense of his or her world. The material must be related to the

students’ existing ideas, interests, needs. concerns and experiences.

2.5 SCIENCE, TECHNOLOGY AND SCHOOL PHYSICS

2.5.1 Science and Technology

The terms ‘science’ and ‘technology’ are difficult to distinguish
(Ditchfield, 1984; Ziman, 1980). One approach is to apply these terms
to sections along a continuum, viz academic pure research, through
applied science to industrial development, technical innovation and
service engineering (Zoller and Watson, 1974). Black and Harrison
(1985) defined technology as being concerned with a wide range of
human purpose but noted that science and technology are intimately
connected. Ziman (1980) suggested that technology is concerned with
the application of scientific knowledge and that it provides new and
improved instruments which supply science with new phenomena. On the
other hand science supplies technology with descriptions and

explanations of the natural world (Aikenhead, 1980).

Technological applications of physics in this study are meant as

applications of physics as used in society. For example, from simple
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levers through to microwave ovens, from foetal heart beat monitors to
lasers. The learning of physics concepts through technological

applications has been termed the ’'science from technology’ approach

(Osborne, 1981la).

2.5.2 The abstract nature of school physics

In a society which is essentially dependent on improved technology for
its continued survival it could be assumed that science education and
technology would be closely related. In fact, although science
education, technology and science itself have evolved somewhat
independently (Reeder, 1979), science education is currently much more
closely related to science itself than technology (Layton, 1973a).
This trend, according to Layton, arose from the fact that as
scientific explanations evolved and became more complex, scientists
increasingly used mathematical abstractions to represent the universe.
The mathematical abstractions greatly increased the power of science
as a mode of enquiry but as Layton (1973a) noted, this meant that
science could only be used and understood by those who were deeply
versed in this special kind of learning. As scientists strove to
explain the universe in terms of a few fundamental laws and scientific
principles, science became less directly relevant to explaining
familiar phenomena of the everyday world. The unifying abstractions
became unreal and were irrelevant to any person unfamiliar with this
new language (Wolfgang, 1971). According to Ziman (1980) while the
predictive power and rationalities of theoretical representation of
the natural world can be considered as the glories of science., they
are only directly applicable in highly contrived and unnatural

circumstances. As Layton (1973b p. 19) summarised:
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"Much of science - and this is particularly true of physics -
involves the understanding of concepts which are highly abstract
and connected to observations only by complex logical and
mathematical relationships.”
The very thing that has increased the power of science has caused
severe problems with its teaching and learning (Layton 1973b). The
evolution of science has influenced science education. Fensham (1977)
noted that there has been a great expansion in the number of
university scientists and their influence on the scientific community
since 1945. Few of these scientists have had any personal involvement
in aspects of science and technology outside the university. Fensham
(1977, p. 27) suggested that this led to the nature of secondary
school science being:

"deeply influenced by the experimental and conceptual requirements

of preserving and extending knowledge rather than by its

application as technology or by its consequences for society."
When secondary school curricula changes began in the 1960's in the
United States (e.g. PSSC), Australia (Cross et al. 1985), and New
Zealand, the universities exerted a strong influence on them. Fensham
(1977) suggested that the needs of the ©5-15% of school students who
would go on to university had been given the most consideration. The
courses were academically orientated and their target population were
the scientifically able (Zoller and Watson, 1974). Ormerod with
Duckworth (1975) also suggested that many of the science courses, and
this was particularly true of physics courses, had been designed for
those who would continue the study at wuniversity. Bondi (1975)
considered that the proportion of the wuniversity graduating class

which are required to become academics (about 1%), should not dominate

the needs of the other 99%.
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Ebison (1972) suggested that some physicists who exercised
considerable control over the physics taught in schools seemed
unwilling to see physics as anything other than the reduction of
physical phenomena to mathematical representation which took the place
of reality. Physics education appeared to have assumed that the
historical, philosophical, sociological and economic aspects of life
were quite non-existent and not worth the attention of serious physics

teachers (Ziman 1980).

That physics courses are dominated by mathematical abstractions is
apparent in several Western countries, e.g. Australia (Wessen, 1985),
Britain (Claxton, 1984; Layton, 1973a,b), Canada (George, 1981),
Netherlands (Kortland, 1984) and New Zealand (Jones and Osborne,

1985).

The change in secondary school physics teaching which occurred in the
1960's and early 1970's in Western countries was oriented towards the
internal structure of physics. In spite of some intentions about
scientific literacy for the general populace, the transfer of concepts
and scientific methods to scientific and technical problems in society
and everyday life of the student is very limited (Paulsen, 1980). In
the teaching of physics the main aim appears to be the transfer of
physics principles. Applications only come in if they serve as tools
for wunderstanding the basic principles (Eijkelhof, 1985; Li jnse,
1986). Kortland (1984) suggested that physics courses 1in the
Netherlands have focused on ‘correct explanations’ and ‘solid
foundations’ as a set of messages to the students about physics.
Fensham (1985) criticised this curriculum on the grounds that it
assumes schooling and science education takes place in a social and

political vacuum.
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Ziman (1980) saw the present school physics curriculum as being mainly
thought of as an entrance qualification for wuniversity where
examinations are dominated by a high regard for abstract theory rather
than practical technique and relevance. This was further reinforced
by teachers who have been through the same system. Another aspect of
this was emphasised by Ahlgren and Walberg (1973) when examining
letters to the editor in Physics Teacher. They found that some
teachers wanted to keep school physics ‘pure’, and that it should not
be for those who are disinclined or unable to apply the desirable
intellectual endeavour. The result was that many pupils have an

elitist view of physics.

Secondary school science courses are the only means by which the
majority of the population come into contact with scientific thougﬁt.
Ziman (1980) suggested that the perception of the role of the
scientist in today'’'s society is largely determined by the way in which
scientific knowledge is presented in the classroom. For example, the
PSSC physics course seemed to give the impression that the scientist
was a scientific explorer searching for new knowledge. Diederich
(1969), in her study of PSSC and other science courses, suggested that
there were two types of scientists, the experimenters and the
theoreticians, who cooperated and hence made their work mutually
informing. Physics at school therefore became theory and then
subsequent experimental work validated the theory. Layton (1973b)
suggested that all this led to a stereotype of the scientist who was
oblivious to the applications and wider implications of his or her
work. Several investigations have found negative perceptions of
scientists (Ahlgren and Walberg, 1973; Dainton, 1971; Gardner, 1974;

Hudson, 1967).
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It is not surprising that people hold this view of scientists if they
were taught science in a manner which was ‘pure’ and devoid of
perceived relevance. Fensham (1985) argued that school physics for
the 80's and 90's needs to avoid the mistake of imposing on the

majority something that is and was important to a small minority.

In summary, science education has emphasised the abstract and
mathematical models of current scientific practice and has neglected,
in particular, the links which exist between science and technology.
Science education may need to consider the introduction of

technological applications much more seriously.

2.5.3 Technological Applications: Their potential in school physics

Attempts to produce science courses in the image of pure science means
that realism and relevance have often been lost (Gallagher, 1971).
Many people (for example, Dowdeswell, 1979; Layton, 1973b; Woodall,
1967) have suggested that one method of bridging the gap between
school physics and the real world 1is to introduce technological
applications. It has been through applications that science has
influenced society. One of the main arguments for the introduction of
technological applications into secondary school physics is because of
relevance to the learner (Eijkelhof, 1985; Fensham, 1985; Kortland,
1985; Lewis, 1972; McKim, 1983; Penick and Yager, 1986:; Ziman, 1980).
Three discussion papers produced by the Science Council of Canada
argued for a greater emphasis in science teaching on the applied
aspects of science and the ways in which science and technology
interact with society (Aikenhead, 1980; George, 1981; Page, 1979). As

Layton (1973b) suggested:



-39_

"If science is to succeed as an instrument of general education it

is important that it retains its relevance to common life.” [p20]
Layton (1973b) suggested that it 1is through being familiar with
scientific ideas applied to situations which are relevant to students
that ideas can best be understood and used. It is important therefore
that applications have relevance for the learner, since scientific
principles are unlikely to be learnt if the applications lack meaning
to the student. Zuckerman (1971) also suggested that the base of
science education should be broadened to reveal the relevance of some
scientific knowledge in everyday affairs. It 1is only through this
kind of understanding of science in everyday life, industry and
applied science tHat people can be expected to make intelligent
decisions about science. Wolfgang (1971) noted that people are also
fascinated to learn how science can account for what they see in
everyday life. Dowdeswell (1979) noted that in the past the relevance
of physical laws to everyday circumstances in which students live has
been largely overlooked. Frey et al. (1980) suggested this could be
overcome by introducing technological equipment, familiar to the

students, into physics teaching.

When discussing the advantages and disadvantages of the new A level
syllabus for Britain, French (1981) suggested that not only should the
course deal with the basic physics but it should also include some of
the technological and other applications that involve basic physics.
Physics teaching 1in the secondary schools should be concerned
primarily with providing students with a basis for better
understanding of their world, including the technological and everyday
aspects (Casimir, 1976; Osborne and Wittrock, 1985). Woolnough (1975)
believed that the way in which physics 1is taught at schools must

change, becoming more concerned with making physics relevant to a
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technological age. If pure academic physics continues to be taught in
schools it may become a minority subject studied only for its
intellectual stimulation, rather than for its relevance. School
physics courses should be changed so that they give the students

opportunities to see the application of their knowledge (Woolnough,

1975).

The first aim of the 16+ physics course in Britain (McKim, 1983) was
to stimulate and sustain an interest in and an enjoyment of physics
and its applications. The PLON physics curriculum project in the
Netherlands emphasised that physics should be taught in a
technological context to make physics relevant to the students by
improving their ability to cope with living in a technological society
(Kortland, 1985). Penick and Yager (1986) indicated that science
without ‘societal’ applications will mean 1little to students. In
reviewing science courses in U.S.A. they found that the qualitative

physics courses appealed more to the students.

The introduction of technological applications can provide a
motivational effect for learners (Binsky and Suzkover, 1980; Lewis,
1972). If it 1is assumed that students are interested and enjoy
learning about their world, then the most natural approach to society
from science is through 1its applications. This approach appeals to
most students (Ziman, 1980). In the evaluation of the PLON physics
programme, which is heavily orientated towards technological
applications in everyday life, most students stated they wanted more

applications (Lijnse, 1986).

There appears however to be a reluctance on the part of some students

to become involved in the learning of technological applications
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(Eijkelhof, 1985). This reluctance may be partly caused by the
feeling that learning to deal with the applications of physics is
viewed differently from learning how to solve a pure physics exercise.
Applications have to do with real life and are less ideal whereas a
traditional school physics problem may be seen as a straightforward
substitution of numbers. Another aspect may be that some students do
not perceive technological applications as being real physics.

Teachers may also be reluctant to introduce technological application.

(This will be explored further in 2.5.5.)

2.5.4 Teaching physics through technology: a review of approaches

Ziman (1980) 1listed seven general approaches for teaching the
relationship between science, technology and society; (i) application
approach, (ii) vocational approach, (iii) thematic approach, (iv)
historical approach, (v) philosophical approach, (vi) sociological
approach, (vii) problematic approach. All these approaches may be
valid in terms of relevance for the student. Fensham(1985) suggested
that a variety of approaches can be taken to teach a scientific topic.
It might be through 1its social impact, everyday aspects, scientific
knowledge, measurement, raw materials, uses, alternatives, and energy
aspects. There is no preferred sequence., it depends on the students’
and teachers’ preferences and experience. Each approach adds ‘more
learning to the always obvious object of the study’ (Fensham, 1985).
This study is concerned mainly with the applications and thematic

approaches.

Two approaches to introducing technological applications into physics
lessons, are frequently used (Osborne 1981a). In both, appreciation

of a physics concept is the intended outcome. The first approach



-42-
involves teaching the scientific concept and then showing a
technological application involving that concept. Thus the
application is given at the end of a lesson to illustrate a particular
concept. The second approach is to start the lesson or topic with a
technological device which illustrates a chosen scientific concept.
This approach requires teachers to introduce a technological example
that students have some prior knowledge of or express an interest in
learning about (Jones, 1986; Thier, 1983).

Examples of the first approach (Osborne, 1981a) will be further

explored. The Advanced Physics Project for Independent Learning

(APPIL) (Murray et al. 1980) introduces the topic to be studied and

develops the physics concepts. The applications tend to be at the end

of each section in the form of a comprehensive exercise. There are a

number of curriculum resource materials which lend themselves to this

approach.

(1) Physics at Work and the revised edition of Physics Principles at
Work (Barclayv and Gibbon, 1980). This is a collection of 36
resource packages describing the applications of physics in the
oil industry.

(ii) Science Serves Society (Sneed, 1975). This describes
applications of physics used in medical, industrial and
scientific sectors.

(iii) Gas Applications for School Science. This 1is a teachers’
resource book which was written by a group of teachers and
includes technological applications from chemical plants.

(iv) Physics at Work in New Zealand (Jones 1982a). This contains a
number of technological applications from medical, agricultural,
scientific and industrial sectors of New Zealand.

(v) Physics in Medical Diagnosis (Ronen and Ganiel, 1984). This is
a teaching unit for high school students in Israel, discussing

the uses of x-rays, radioactive traces and ultrasound.
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In the Physics Plus Project (McKim, 1983) the technological
applications of physics are intended to form a component part of the
course, but the larger part of the course remains pure physics.

The second approach suggested by Osborne (1981a) was to start the
lesson with a technological device. Lijnse (1986) suggested that to
introduce a technological perspective the curriculum needs to be
organized around coherent scientific-technological themes e.g.
materials, communication, electronics etc. Black and Harrison (1985)
also suggested that science teaching has to start from those everyday
themes in which students are already interested. The PLON (Project
Curriculum Development in Physics) uses themes as 1its focus. The
major aims (Eijkelhof, 1985) are the growth of students’ independence
and a sense of social responsibility, and the practical usefulness of
physics in real-life situations. The units are linked with the actual
environment of students and with specific developments in society.
This type of approach has been trialled in New Zealand by Cosgrove and
Mueggenburg (1986) with the topic of refrigeration. This topic
develops students’ 1ideas of refrigeration and leads to scientific
ideas such as heat transfer, heat pumps, changes of state, and latent
heat. It has been evaluated by Newman (1987).

In Britain an A level Engineering course has been designed as an
alternative approach to A level physics (Kelly, 1983). The physics is
studied in the context of its engineering application. In the United
States a similar programme was developed in the 1970's called the
Technical Physics Project (Fibel, 1973; Di Lavore, 1973). Modules are
laboratory based and centred upon a common device that would be
familiar to the student. The aim 1is to teach the physics that flows
naturally from a consideration of the device. 1In Israel, Bransky and
Suzkover (1980) considered using applications to identify physics

principles.
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These projects illustrate what has been attempted. The effectiveness

of introducing technological applications needs to be explored.

2.5.5 Teaching physics through technology: teachers’' reactions

Physics teachers have the most responsibility for the student catching
the excitement of physics and 1its applications (Bondi, 1975; Farrer
and Searby, 1970). It 1is important for the teacher not only to be
enthusiastic about physics but also to show students the relevance of
physics in today's society (Bondi, 1975). Despite the evidence that
the introduction of technological applications may be advantageous for
the teaching and learning of physics, teachers appear reluctant to

incorporate them in lessons.

Commenting on the PLON physics programme in the Netherlands, Eijkelhof
(1985) noted that teachers have a certain image of physics and physics
education which is deeply rooted and difficult to change. Their own
education at school, university and teacher training college has a
long-standing influence on their understanding of physics. The
majority of teachers learnt highly simplified and idealised
traditional phvsics (Kelly, 1983). They know what is expected of them
and the neatness and logic of idealised physics is very appealing.
Physics teachers tend to be primarily concerned with understanding
principles, knowledge of basic facts and good examination results

(Woolnough, 1975).

In implementing new curricula, McIntyre and Brown (1979) found that
teachers minimally alter their conventional ways of teaching. They

also noted that there 1is unlikely to be teacher change if teacher
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initiative is relied on. Teachers need clear guidelines as to the
change required. They also need some sort of reward for changing
their behaviour (for example, students achieving more, appearing more

interested).

Cosgrove, Osborne and Carr (1984, p.257) listed what they considered
to be the major reasons why teachers are generally reluctant to refer
to technological applications.

(1) It is easier to ask abstract examination questions and set
problems devoid of reality, than it 1is to find real life
contexts for questions. (see also Thomas, 1985)

(ii) It is easier to relate physics principles to the artificial
world of the laboratory than to real life applications.

(iii) Teachers have very limited resource material available to show
them where, and how, the principles of physics relate to the
technological applications of industry, home, hospitals and
other everyday situations.

(iv) Some students seem to prefer physics to be about an abstract

idealised world, uncontaminated by the complexities of reality.

The teaching of so-called ‘pure physics’ tends to take place in a
teacher-centred classroom. The whole emphasis 1is on achieving high
intellectual standards. The curriculum is directly derived from the
scientific discipline. Peters and Miller (1976) noted that students
will not be aware of the relevance of physics unless teachers are
convinced themselves and point the way ahead. Lewis (1972) suggested
that it is easier to teach the principles of electromagnetism than
introduce technological applications to make physics more relevant.
Help is needed for the conventional physics teacher to relate his or
her classroom teaching more closely to a modern technological society

(Nicholl, 1982).
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2.6 RATIONALE FOR THIS INVESTIGATION

The present study was carried out to investigate students’ imagesof
school physics and to develop a technological perspective for the

teaching and learning of physics.

The learner of physics lives within a technological society yet it
appears from this literature review that school physics tends to be
taught 1in 1solation from that society. School physics has
traditionally emphasised the mathematical and experimental aspects of
the subject. This emphasis has resulted in students perceiving
physics as very difficult, of limited interest, mathematical, often
dull and of limited use. This study further explores the New Zealand

situation.

There appears to be support for the introduction of technological
G\QO\A{.
applications in the physics classroom but little informationAhow this
might be achieved. THe main emphasis of this study is to explore the
introduction of technological applications into the physics classroom
utilising the ideas of the generative learning model. The
constructivist tradition suggests that meaningful learning cannot take
place without the generation of links between the input stimuli and

the learner’s existing knowledge. The learner will not attend to a

learning situation unless the stimuli link to the existing knowledge.
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CHAPTER 3

PHYSICS STUDENTS' PERCEPTIONS OF SCHOOL PHYSICS

3.1 INTRODUCTION

Physics as taught in New Zealand at the senior secondary school
and first year university undergraduate level tends to emphasise
the mathematical, experimental and philosophical aspects of the
subject (Department of Education, 1972; Department of Education.
1973). Layton (1973b) and Claxton (1984) and many others have
suggested that this emphasis may have led to school science being
divorced from the students’ real world and even the scientists’
world. Claxton (1984) further suggests that students may not
appreciate the relevance of learning physics for careers in
technology or related areas. In a previous New Zealand study it
was reported that younger students (14-16 years) apparently
lacked understanding of what the study of physics would involve

and of what physicists do, and as a result tended to be biased
against it (Jones 1982b). Students’ general perceptions of

physics have been reviewed in section 2.2.

This chapter identifies the perceptions physics students have of
physics at the senior secondary school level in New Zealand. In
particular, it examines perceptions of enjoyment, interest,
difficulty and confidence levels associated with school physics.
The perceived usefulness and the reasons for studying physics are
also examined. The anticipated careers of physics students are
explored. A preliminary investigation on students’ reactions to

the introduction of technological applications is also included.
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3.2 METHODOLOGY

The method used for obtaining physics students’ perceptions of
senior secondary school physics was to conduct audiotaped
individual interviews. Larger surveys were later developed from

the interviews.

3.2.1 Naturalistic Research

Interviews represent part of the general area of naturalistic
research (Posner and Gertzog, 1982: Easley, 1982), and are
becoming more widely accepted as part of the methodology in
science education research (Barker, 1986). The advantages of
this approach for exploring students’ ideas (as reviewed by Bell
(1985) and Barker (1986)) are that it:
(1) Helps to understand the complexity of the students’ cognitive
structure.
(2) Provides opportunity to further explore students’ responses.
(3) Allows the students to express thoughts orally.
(4) Does not confine the students to a certain type of response.
(5) The collection of data can take place outside the confines of
a classroom.
(6) Allows the interviewer to minimize incorrect interpretation
of the students’ responses.
(7) Data collection is not confined to a pre-planned programme as

much as a pen and paper survey would.
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Some disadvantages of the interview method (Cohen and Manion, 1980)
are:

(1) Only a small population is being sampled.

(2) The potential bias of the interviewer.

(3) The interviewee may react to the perceived frame of reference

of the interviewer.
(4) The problem of representing the data in a concise and true

form.

To utilise the interview methodology and to overcome some of the
weaknesses of interviews, a combination of qualitative and

quantitative approaches is wused, (Freyberg and Osborne, 1982; Carr,

1985).

3.2.2 Interviews

The first stage of the interview required the physics students at the
seventh form level to rank (on a 5 point scale) their chosen subjects
in order of (i) enjoyment (ii) wusefulness for a career (iii) interest
(iv) difficulty and (v) confidence in the capacity to do well. The

reasons for the rankings were then discussed.

The second stage of the interview consisted of a more detailed
examination of the students’ views of physics by seeking information
about: (i) an aspect of physics they enjoyed (ii) aspects they did not
enjoy (iii) what they hoped to gain from the study of physics (iv)
whether thev considered the study of physics to be potentially useful
in life, career etc. One of the advantages of the interview technique
is that the interviewer could choose to probe further the responses to

these key questions.
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The final stage of the interview explored whether students had been
taught about or knew of technological aspects of physics and what type
of technological applications of physics they considered they might be
interested in studying. This was assessed by showing students a
series of cards with different technological applications of physics

from the senior secondary school level.

The interview schedule is shown in Table 1. The schedule was used as
a guide only as each interviewee would respond differently and their

replies were then explored further.

Table 1. Interview schedule for interviewing seventh form students
1. (a) Let's look at the subjects you were studying last year.
(1) Can you tell me what these subjects were?

(ii) What did you think of them?

(b) What I would like you to do 1is to rank these subjects in
order of enjoyment.
(1) why?
(ii) What did you do in this subject that made it enjoyable?
(iii) Continue depending on responses etc.

(c) Rank in order of usefulness for your chosen career.

(d) Rank in order of interest.

(e) Rank in order of difficulty.

(f) Confidence to do well or get best marks?

2. Can you tell me about a lesson or a day which really stands out as
a day you really enjoyed physics?

3. What lesson or aspect of physics did you not enjoy last year? Can
you tell me a little about that etc?

4. What do you hope to gain by the study of physics?
5. Are you planning to continue the study of physics?
6. (a) Do you consider the study of physics to be any use to you

later in life, getting a job etc?
(b) What do you think physics is?
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7. Did vou come across any uses for the physics that vou learnt
during the year?
(a) Let me give you an example of what I mean.
(b) I have a series of illustrations of physics here.
(c) Which would you prefer to learn about?
(d) Were you provided with illustrations like these?
(e) Do you tend to think up illustrations for yourself or do you
not relate what you learn to the world around you?

Let me put it another way. Let's take a topic like total
internal reflection. Can you give me an illustration of this
idea?

- The Interview Sample

The sample consisted of 60 senior secondary school physics students
who were in the seventh form (17-18 years). The interviews took place
two months after the beginning of the school year. All the students
had completed at least one year of specialist physics study. Prior to
this the students studied a general science course. All the students
were said by their teachers to be of average to above ability. The
interviews were conducted individually and outside the classroom.
Apart from six students, all the students lived in large metropolitan
areas and attended schools with at least 1200 pupils. The other six
students were from a town just outside the metropolitan area and the
school had a student population of just over 1000 pupils. The schools
consisted of eight co-educational and four single sex schools (two
girls’' and two boys’ schools). The interviews took place at wvarious
times throughout the day, not just in the times students studied

physics.
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3.2.3 Structure of the Survey

The survey was developed from the student responses to the interviews.
A copy of the survey can be found in Appendix A. The survey was

comprised of three sections.

Section A consisted of getting students to rank the subjects they were
studying under the headings of (i) enjoyment (ii) interest (iii)

confidence to do well (iv) difficulty.

Section B was designed to explore students’ reasons for studying
physics. Question 8 consisted of 15 statements developed from student
responses in the interviews and from a survey developed by Burns
(1982). These statements were designed so that students could
indicate the possible reasons why they studied physics and then the
most important reason. Further questions were designed to explore

students’ career choices and the ranking of subject usefulness.

Section C consisted of a semantic differential scale to examine
physics students’ perceptions of physics rather than just a comparison
with other subjects. The 10 bipolar adjectives chosen were from words
that students had used in the interviews. The adjectives were also
developed from a similar scale used by Osborne (1976). Osborne (1976)
and Schibeci (1977) discuss the advantages of this method of
attitudinal evaluation. Osborne and Wittrock (1985) suggest that
these types of grids are most useful in analysing people’s feelings.
However White and Mackay (1973) note that one of the disadvantages of

this method is that more dogmatic 1individuals tend to choose the

extremes.



_53-
The results of this section have to be examined in conjunction with

the interviews.

- Survey Trials

The survey was trialled at a large co-educational school in three
different classes. Students were asked for their comments about the
survey and five students were interviewed from each class to find the
reasons for his or her responses and any difficulty they had in
responding to the survey. Their criticisms and comments were used to

develop the final survey.

- Survey Procedure

The survey was administered by the researcher in the absence of the
classroom teacher. This was done so that students could feel free to
answer as honestly as possible. The researcher introduced the survey
and went through it with the students. As this meant that it was not
administered to a school which the researcher did not visit the
possible sample size was reduced. However, it did mean that student

questions could be answered and there was less room for confusion.

- Survey Sample

The sample consisted of 430 6th form and 168 7th form physics
students. Two single sex schools were surveyed as well as eight co-
educational schools. The schools were all city schools 1in the
Hamilton, Auckland and Christchurch areas. (The results revealed no

regional differences).
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The 6th form sample was made up of 301 boys and 129 girls. The 7th
was made up of 118 boys and 50 girls. The normal ratio for sixth and
seventh formers is approximately 3:1 in favour of the boys (Norman,

1985). There are proportionally slightly more girls in the sample.

3.3 OVERVIEW OF THE RESULTS

The results of the interviews and surveys are reported in five

sections. The students’ perceptions of physics generally are
discussed in section 3.4. Phyvsics students’ reasons for studying
physics are reported 1in section 3.5. Their career choice and

perceived usefulness of school physics for a career are explored in
section 3.6 and 3.7. The desirability of a technological approach in

the teaching of school physics is considered in section 3.8.

3.4 STUDENTS' PERCEPTIONS OF SCHOOL PHYSICS

In the 60 interviews, (section 3.2.2) students were asked to rank
their school subjects on five criteria (enjoymént, interest,
usefulness for a career, difficulty and confidence) and to give their
reasons. The responses suggested that students had very distinct
views about the position of physics relative to their other subjects
and these views were subsequently amplified by presenting the same

task in survey form (N = 430 6th formers and N = 168 7th formers).

Hence. in the report below, the uniguely qualitative material from the
interviews (i.e. the reasons) is followed (in many cases) by the

guantitative data.
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3.4.1 Results of the Interviews and Surveys

A) Enjoyment of a subject for a physics student depended on four main

factors.

(1) Teacher related: (by 23 students)!

"It's sort of drilled into us that you don’'t enjoy physics."

"I guess it was the teachers who made the difference."

"The (physics teacher) has a particular teaching method and it's
not what I like."

Only seven students stated that they enjoyed being taught by their

physics teacher.

(ii) Related to evervday life: (12 students)

"I like things I can relate more to everyday life.”

"You can’'t relate it (physics) to everyday life.’

Not one comment was made about physics being related to everyday life.

(iii) Experiments: (39 students)
One aspect of physics that students enjoyed was the experiments.

"I enjoy practical experiments.’

"We did an experiment with a laser and a diffraction grating”

1 This indicates that 23 students freely made comments about
teachers affecting the enjoyment of the subject.
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(1v) Abstractness and difficulty: (13 students)

"Some of the problems...I did not understand them at all.”
"Trying to remember the formulae...I just could not picture it.

It made it quite difficult.”

Three factors that made subjects enjoyable were, the teacher, whether

or not it was related to everyday life and the experiments done in

class. Students did not enjoy the abstractness and the difficulty of

physics.
Table 2:

Physics students’ ranking of subject enjoyment2 (survey results)

ENJOYMENT SIXTH FORM

Sub ject 5 4 3 2 1 N
History 41 24 14 11 11 37
Biology 38 22 19 11 12 152
Technical

Drawing 34 23 14 19 10 108
Geography 32 25 13 13 17 63
Economics 29 18 20 24 9 45
Accounting 13 32 22 17 16 63
Chemistry 17 24 23 20 17 265
Mathematics 17 19 22 22 21 423
English 15 21 17 17 30 422
Physics 11 14 26 30 20 427

2 The top ranking subject was given a 5 and so on to the lowest, a
1. This was then used to calculate the mean. The numbers in the
5,4,3.2,1 columns indicate the percentage of students who gave
that particular ranking. S.E indicates the standard error of the
mean and N the number of students who studied that subject.
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ENJOYMENT SEVENTH FORM

Subject 5 4 3 2 1 N
Biology 38 33 9 11 9 66
Economics 13 20 33 28 8 40
Mathematics 22 15 18 19 25 147
English 19 16 20 18 23 104
Applied Maths 15 18 24 23 19 104
Chemistry 16 20 18 21 25 120
Physics 8 18 25 26 22 165

From the survey results (as shown in Table 2) physics is the least
enjoyable subject for physics students with biology being the most
enjovable subject. Only 11% of 6th formers and 8% of 7th formers

consider physics to be their most enjovable subject.

B) Interest in a subject for the student was often created by
practical work. This can be observed from Table 3 where the three
practical science subjects are judged more interesting than many other
subjects. Fifty percent of the students when asked about what
interested them 1in physics stated that it was the practical and
experimental work.

"It was the experiments, the practical side of things.”

"Not only was it theory but we did experiments to prove the actual

theory."

Nearly all of those interviewed found some aspect of physics

interesting.
"Getting the right answer and stuff.”
"I may find it interesting but I may not like it that much.”

"It is quite rewarding to do something that is the hardest.”

For some (8 students) physics was interesting because of its newness

and variety.
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"Ability to deal with a whole lot of problems you could not do

before."
"Just discovering things using formulas."

"Physics was pretty interesting as it was the first year I had

taken it.”

For others it was not so interesting. Many of these comments reflected
the manner in which it was taught.
"It was not interesting in the way it was taught. Just equations
put up on the board."
"Physics was very much: here is the formula, here is the problem,

solve these.’

Table 3: Physics students’ ranking of subject interest

INTEREST SIXTH FORM

Subject 5 4 3 2 1 N
Biology 44 23 14 13 7 153
Economics 36 16 34 9 5 44
Chemistry 29 26 20 13 12 262
Physics 21 27 24 18 11 425
Geography 31 15 18 12 23 65
Technical

Drawing 13 24 29 19 14 104
Accounting 10 16 19 28 27 420
Mathematics 10 16 19 28 27 - 420
English 10 13 16 25 36 420
INTEREST SEVENTH FORM
Subject 5 4 3 2 1 N
Biology 41 29 11 11 8 65
Economics 26 18 21 21 15 39
Chemistry 13 31 27 18 11 118
Physics 18 22 22 24 13 164
Applied Maths 13 13 24 29 21 105
English 14 18 16 21 30 104
Mathematics 16 9 16 20 39 146

The survey shows that biology and economics are both more interesting
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than physics (see Table 3). Mathematics and English appear to be the
least interesting subjects. Forty percent of 7th form pupils and 48%

of 6th form pupils consider physics to be their second or most

interesting subject.

C) Difficulty

Physics was consistently ranked as the most difficult. Eighty-four
percent of the physics students who were interviewed considered
physics the most or second to most difficult subject they had studied.
The main reasons were:

(1) The mathematics and the formulae (22 students)

"The only reason I thought it was hard was because there were so
many formulae."”
"It just really annoyed me because you know the formula you were
supposed to put into the equation, but just nothing happens.
(ii) Students generally did not seem to indicate that teachers were
responsible for making the subject difficult, though there were
(13) exceptions.
"We just got some notes and then handouts and I did not think
that is good enough really."
"He taught at his own level and not at our level. Rather
confused it."
These comments tended to be about individual teachers rather than
comments about physics teachers in general. However, this may have a

’

negative impact on students’ perception of physics.

(iii) Students considered the subject abstract (15 students).

'

"Physics is abstract. I can’'t understand it most of the time.’

"Kind of goes against things that you thought were right.”
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Part of the problem may be:
"I think it is too much of a shock coming from (integrated)
science to physics. There 1is heaps of biology 1in School
Certificate science and quite a bit of chemistry. They need to
put more physics with it. You need a basic understanding before

you get chucked into the deep end.”

Table 4: Physics students’' ranking of subject difficulty.

DIFFICULTY SIXTH FORM

Subject 5 4 3 2 1 N
Physics 46 29 16 7 2 424
Chemistry 19 25 26 19 11 262
English 19 17 23 22 19 422
Mathematics 17 22 17 22 22 418
Economics 9 16 22 31 22 45
Technical

Drawing 6 16 26 27 25 107
Accounting 6 14 25 27 27 63
Geography 8 14 15 29 34 65
Biology 2 12 19 33 35 150
DIFFICULTY SEVENTH FORM
Subject 5 4 3 2 1 N
Physics 46 27 15 10 2 164
Chemistry 19 24 31 15 13 118
Mathematics 21 26 17 16 21 145
Applied Maths 15 22 22 26 15 105
English 13 12 18 24 33 103
Economics 0 13 33 26 28 39
Biology 5 9 14 37 35 65

Physics was perceived as the most or second to most difficult subject
by 75% of the 6th formers and 73% of the 7th formers (Table 4). Those
subjects which are considered the least difficult are the same as

those that appear to be the most enjoyable. Only 5% of 7th formers
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and 2% of 6th formers consider biology to be their most difficult

subject. The level of difficulty is negatively related to enjoyment.

D) Confidence to do well

If students found physics to be their most difficult and least
enjoyable subject, then it was not surprising that they lacked
confidence in the subject. Students felt the least confident in
understanding and doing well in physics and more confident in biology
and mathematics.
"I felt I knew what I was looking for but did not seem to get it."
"Sometimes I passed and sometimes I did not pass. 1 was not sure
where 1 was."
"Everything was so hard that you start to think, ‘I am
useless’."
"When you get something wrong you knew that it was your fault.”
Confidence in physics is significantly lower than mathematics and

chemistry (Table 5). Only 6% of the 6th form and 4% of the 7th form

felt the most confident at doing well in physics.

Table 5: Physics students’ subject ranking of confidence to do well.

CONFIDENCE TO DO WELL SIXTH FORM

Subject 5 4 3 2 1 N
Accounting 25 35 22 12 6 65
Economics 27 30 18 18 71 44
Mathematics 31 25 16 19 9 420
Technical

Drawing 32 25 15 17 11 107
Biology 29 19 28 16 g 153
Geography 27 22 19 27 5 63
Chemistry 16 15 31 21 16 261
English 13 16 17 19 34 424

Physics 6 14 19 26 34 425
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CONFIDENCE TO DO WELL SEVENTH FORM

Sub ject 5 4 3 2 1 N
Biology 27 33 13 20 8 64
Economics 26 23 21 23 8 39
Mathematics 31 19 16 17 17 144
Applied Maths 18 22 21 27 11 103
Chemistry 17 17 25 16 25 ' 116
English 13 21 24 20 21 104
Physics 4 i5s 22 24 35 162

E) The perceived relationship between physics and mathematics.

For many students physics was equated with mathematical manipulations
(26 students).
"Learning about mathematical applications.”
"Physics is the same as maths, using formulae and stuff.”
"Mathematically solving problems.”
Students appeared to perceive physics as being an extension of

mathematics and to be of limited use.

Useful for problem solving (16 students).

"It’s the relationship between aspects in nature. Dry subject you
can’t really feel them. All those awful formulae."”
"Solving problems. It’'s a help for maths.”
Limited Use (13 students)
"Well it did not come into any use as such.”
"It’'s not useful for everyday life. It’'s quite interesting and a
bit of a challenge to solve the formulae.”
"Understanding how to throw simple equations around.”
Yet students find mathematics more enjoyable, less difficult and are
more confident in it. Students may have difficulty in transferring
mathematics out of an idealised environment into a more applied
situation such as in physics. Another aspect of this problem could be

that students have difficulty translating an idealised physical

situation into a mathematical language.
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"We just did a lot of maths, pages and pages which seemed to take
an awful long time. I enjoy maths on its own but trying to link

the maths with the physics is quite difficult.”

However other students did not associate physics with just

mathematics.

Learning about idealised situations (9 students)

"A form of science more involved in things of motion, learning the
technique of doing experiments and recording them accurately.”
"It's used for studying more than for research I suppose."”

"You can see the effects of gravity but when you go into it deeper

it seems utterly pointless, it gets harder.’

There were some students who described physics in terms of mechanical
and electrical aspects (8 students).

"It's largely learning forces and electrical components.”

"Physics is all the mechanical aspects of life.”

"...like working out acceleration, speed with cars. That's really

the only thing I can think of."
Students perceived physics as being highly mathematical, useful in
idealised situations such as solving school physics problems, and of
limited use in everyday life. The views expressed by these physics

students are similar to 6th form students’ responses 1in a study

conducted by Jones (1982b).
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3.4.2 Students’ feelings about school physics

This section details results that further identify how senior
secondary school students feel about the school physics course. The
semantic differential technique used means that a profile could be
obtained about how students perceived physics generally, not just in

relation to other subjects.

There were 10 adjectives chosen to cover interest, difficulty, career,
enjoyment and type of teaching. The 10 bipolar adjectives were
developed from words used by the student 1in the interviews and are
shown in Appendix A. A seven point scale was used, therefore the
number 4 was a neutral point. The mean response was calculated for

each bipolar adjective.

The results for 6th and 7th form using the semantic differential
technique can be observed in Table 40 (Appendix C). A profile of

these results can be seen in Figure 1.

The 6th form students perceived physics to be:
(1) Slightly interesting (mean of 4.50).
(2) Difficult (3.01).
(3) Relevant to a career (4.85).
(4) Slightly irrelevant to everyday life (3.80).
(5) Slightly enjovable (4.25).
(6) Complicated (3.16).
(7) Very mathematical (2.19).
(8) A subject with many calculations (2.1).
(9) Theoretical (3.12)

(10) Taught with reasonable instructions (3:94).
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Figure 1

Sixth and seventh form physics mean score profiles.
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Figure 2 Sixth form girls and boys mean score profiles.
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Figure 3 Seventh form girls and boys mean score profiles.
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The profile indicates the area of change between the 6th and 7th form
is that the subject becomes more complex (p<0.01)°® <(i.e. more

difficult, vague, complicated. theoretical).

The data obtained by the semantic differential technique was also
analysed to find if 6th form physics was perceived differently by the
girls and the boys. The analysis of this data can be observed in
Table 41 (Appendix C). The profile of the data is shown in Figure 2.
The significant areas of difference between girls and boys are
difficulty and relevance to career. Girls consider physics to be more
difficult (p<0.01). Boys consider 6th form physics to be more
relevant to their chosen careers (p<0.05). This is consistent with
girls tending to choose more biological-type careers whereas boys have
opted for more technical careers (see further analysis in section

3.5).

Analysis of the perceptions that 7th form girls and boys have of
physics is included in Table 42 with a profile of this information in
Figure 3. At the 7th form level there did not appear to be any
significant differences between the way in which boys and girls

perceived physics.

3.4.3 Summary

Using the methodology of the interviews and then administering a large
survey, provided more useful information on physics students’

perceptions of secondary school physics.

3 A two tailed t-test on the complexity factor as noted above.
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This investigation found that physics students perceived school
physics to be a very difficult subject, very mathematical, and of
limited use. Although school physics was perceived as slightly
enjoyable (on a 1-7 scale), when compared with other subjects it was
considered the least enjoyable. The students also appeared to lack
confidence to do well in it. The reasons for this, as given by the
students, were that school physics lacked relevance, the influence of
the teacher, the mathematics and formulae, the abstractions and the
limited use of the subject. It was considered to be a complicated
subject which became even more complex at the higher levels of
secondary school. The explanations were pérceived as being vague in
the 7th form. It did appear however that students were interested in
some aspects of physics particularly the experimental aspects. Sixth
form girls perceived physics as being more difficult than did the boys
and less relevant to future careers. At the 7th form level there were
no significant differences between boys and girls 1in the way they

perceived physics.

3.5 REASONS FOR STUDYING PHYSICS
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