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ABSTRAC'f

This study was designed to investigate beliefs of Physics Teachers, in Lesotho,

about Physics and Physics teaching and their awareness of students' alternative

conceptions.

The study used three questionnaires as its research tools. The first questionnaire

lnvestlnated beliefs of teachers about Physics concepts, particlJlarly

electromagnetism, and the teaching of those concepts. An 'index of agreement'

was calculated to determine the tendency of responses. The second queatlonnalre

investigated teachers' awareness of students' alternative conceptions, while the

third investigated StUc!'8I1tS' alternative conceptlons. Teachers' predictions are

comparee with the students' answers.

The study shows some teachers haVing beliefs which can be grouped into two

categories, namely constructlvlsts and empiricists. There is however no clear

separation between the two categories. The study also shows that some teachers

are not aware of students' alternative conceptlons, while some teachers had the

same etternatlve conceptions as students,
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CHAPTER 1

BACKGROUND TO THE STUDY

1.1 General Introduction

1•1•1 Introduction
Over the last few decades there has been a noticeable lack of scientists,
technologists and science teachers and yet there has been an increase in

enrolment both at the primary and secondary schools (Lewin, 1992; Stoll,

1994). This situation has been more notable in developing countries than in
developed ones. On the other hand there has been a strong need for science-
based manpower both in the private and governmental sectors in developing

countries (Stoll, .994). The lack of science teachers has led to less qualified

teachers taking over in teaching science subjects. This has led to fewer
students taking science because sciences came to be understood as difficult.

Stoll (1994) argues that I ... the appeal of the teacher profession also declined,

resulting in weaker students entering teacher education programs.' Research
has been done to study the nature of the problem In terms of investigating the
kind of knowledge teachers hord (Rollnick and Rutherford, 1990), and the

strategies teachers employI and to seek to find possible remediation strategies

that can address those identified alternative conceptions (Rollnick and

Rutherford t 1993).

This study adopts the constructivist theory of learning as its fundamental

framework. The study is based in Lesotho. Thus the educational background,

particularly of Science Education and teacher training, in Lesotho is discussed in

Chapter 1. The constructivist theory is revlswad in Chapter 2 where the idea of

alternative conceptions is discussed together with the issue of teachers' beliefs.

The constructivist framework is used to develop a research tool which is

discussed in Chapter 3. Chapters 4 and 5 dsat with the analysis of the research

results and Chapter 6 discusses conclusions and recommendations.



1.1.2 Aims
The study of alternative conceptions is more often directed towards a deeper
understanding of internal and external factors that affect the learning and/or

understanding of Science concepts. The study reveals the presence of
preconceptions, some of which can be shown to be unscientific. It has a

....potential for revealing how students' knowledge is organised and, therefore,

what the content of instruction intended to change it ought to be.' (Dykstra,

Boyle, Monarch {1992)). The present study recognises the existence of

alternative conceptions as shown by other researchers in different areas of
Physics, particularly in electromagnetism. The question that is then crucial to

answer is what factors contribute towards the formation of these alternative

conceptions. The aim of this study is to investigate teachers' thinking, both
about their subject (in thts case Physics) and their students.

1.1.3 Rationale
There are many reasons for researching alternative conceptions. Over the last

decade much work on alternative conceptions, looking at their causes, nature,

and possible remediation, has been done. However the area of

electromagnetism, which is mast important in Physics. has not received much

attention. The researcher comes from Lesotho where he has participated in a

pre-entry course and has found students to have an unsatisfactory

understanding of electromagnetism concepts. This study will add to the body

of knowledge about alternative conceptions in general, but in particular to the

area of electromagnetism in Physics. But most importantly it will call for more

attention to be paid to towards electromagnetism, an understudied area in

Physics Education. It is also hoped that this study will be of help to teachers.

The study will, 11opefully, alert teachers about the existence of alternative

conceptions and their possible effects towards the teaching and/or learning

process. it may also encourage teachers to choose teaching strategies that are
in agreement with the constructivist theory of learning.

;2



~.2 Background to Secondary Education in Lesotho

1.1.4 Statement of the problem
Studies done on alternative conceptions in Physics reveal that students hold a

wide range of conceptions that are not scientifically accepted. They also show
that these alternative conceptions occur world wide. Gilbert, Osborne and
Fensham (1982) have shown that teaching which does not take these

conceptions into account can end up with undesired outcomes. Therefore

awareness of alternative conceptions should be critical in determining the
strategies teachers employ in their teaching. Hewson and Hewson (1987)

pointed out that '. ..research into teacher thinking points to the importance of

underst~l1ding the relationship between how teachers think and what they do. t

Teachers' beliefs about Physics and its pedagogy, and the strategies used in
teaching, are supposed \0 have contributed to these unscientific ideas held by

students. This ~esearchwork addresses this problem, with particular focus on

ei~ctromagnetism.

1. 1 .5 Research questions

The research questions that will be addressed in this study are the following:
(i) What bellcfs about Physics and Physics teaching do high school

teachers, in Lesotho, have especially about the teaching of

electromagnetism topics taught at high schools?
(ii) What strategies do teachers employ to teach concepts of

electromagnetism? and

(iii) Are teachers in high schools, in Lesotho, aware of students' alternative

conceptions?

1.2. 1 Introduction

This study investigates teachers' thinking by looking at their beliefs about their

teaching and the conceptions which their students have. Suoh an endeavour

requires the researcher to first look at the general educational background of

3



... ensure permanent and functional literacy in Sesotho. English, and basic

these teachers and the kind of Science Education they received. This is done
with the reallzation that teachers entering their training programmes do so with
specific conceptions concerning tl~aching (\lVeinstein, 1990). Hence the

discussion of the general educatlon in lesotho and more spE~cificallyScience

Education at the secondary level. The way teachers perceive their subject and

the manner in which they teach may be influem~edby the kind of training th~IY
receive. For that reason the teacher training programmes in Lesotho is worth
discussing in some detail.

1.2.2 General Educational Background in lesotho
Schooling in Lesotho is divided into three levels, namely primary, secondary,

and tertiary. The Ministry 0-; Education (MOE, 1994) quotes the national goals

for the prlmerv level, which lasts for seven years, to include the following:

numeracv as a function for further leaming and affective learning:

* help learners understand, appreciate and conserve their local national

environment as well as to be aware of environmental interactions;

.. encourage learners to investigate and think for themselves and to test

hypotheses as well as to review their assumptlona, thus laying a
foundation for scientific thinking.

The medium of instruction at primary schools is Sesotho for lower classes, that

Is, from class one up to class three, and then English for upper classes, class

four to class seven (MOE, 1985). However even at the upper classes teachers

tend to use bath Sesotho and English.

At this level, therefore, pupils are introduced to the school environment and also

to the subjects they "viii meet at secondary level.

At the end of these first seven years of schooling the ~xamination Council of

Lesotho (ECOL) conducts the Primary School Leavirlg Examination (PSLE)at a

national level. Satisfactory performance in that examination qualifies a student

4



to continue to the secondary level, Those not managing to pass this
examination either rssit it the following year or leave the system at this point.

The secondary level takes five years and. is divided into two stages. The first
stage takes three years and the last, which is an O~Level, takes two y~ars.
During the first three years students are introduced to different subjects

including. science which combines Biology, Chemistry and Physics. At the end

of this period students sit for the Lesotho Junior Certificate (LJC) examinations

conducted by ECOL. Having passed this examination, the student then

continues to the last two years. This is yet another exit point for those who
cannot make lt, The science subject is divided into different options including
Biology, Chemistry 1 and Physics. At the end of this level students sit for the

Cambridge Overseas School Certificate (CaSC) exarrnnatlons conducted under

the auspices of the University of Cambridge in Great Britain. By the end of this

five vear period it is expected that a student is now ready to either continue to

tertiary education or find some employment.

1.2.3 Science Education in lesotho
Science Education in Lesotho starts as early as the primary level. At this level

students are expected to be aware of general basic concepts in science,

According to MOE (1985) the aims of science at the primary level include:

* TO ensure that children develop intellectually by a"quisition of necessary

skills and attitudes that will enable:

a) Pupils to make decisions to solve basic problems occurring in a

rapidly changing world

b) School-Ieavers to perform some slmple scientific operations that

will enable them to earn a living and become use.ul members of

their society.

To promote scientific literacy;

To ensure sound foundation of basic scientific principles and facts in

those who may later seek to make a career as scientists, science

educators or technologists for the betterment of the economy of the

*'
*

5



country and improvement of living standards.

Topics are introduced in the form of units from Class 1 to Class 7. At the end
of Class 7 pupils are expected to have been introduced to concepts such as
living and non-living things, soil, water, animals, plants, common substances,

changes, air, simple machines, friction, heat, light, electricity, magnetism, and

the solar system.. This means, therefore, that as eatly as this level some basic
concepts in Physics have been introduced. It is however crucial to note that the

actual practice is by far belolfl the expected levels at most schools. Middleton

(1990) has noted that although the syllabus encourages teachers to use activity
methods this does not happen, He explains this in terms of the lack of
confidence of teachers and large class sizes.. Poorly equipped classrooms and

unavailability of laboratories and libraries should also be added to Middleton's

(1990) list.

The Ministry of Education has a department, the National Curriculum

Development Centre (NGDCL which, through its Science section, holds
workshops and produces necessary teaching materials for teachers at this level.

At the secondarv tevet students are introduced to further scientific concepts.

fhe aims of science at the secondary level, at least LJC level, according to MOE

(1986) Include to:

* develop the sclentlf'c skills of observation, estimation, measurement,

experimentation, construction, interpretation and analysis of data,

inferring, hypothesising, predicting, scientific communication and

thinking;

be able to solve problems scientifically;

acquire knowledge and understanding of basic scientific concepts and of

the practical application and use of scientific equipment, in preparation

for life and further training.

*
*

The syllabus includes the following sections of magnetism and

6



properties of 1n,); th .

~"\!~uctiontmagnetic screening (shielding)1

··~t·and nonmagnetic materials, Magnetic

actors affecting the suitability of

electromagnetism from Form A to Form E:
Form A: Magnetic attraction and repulsion: Poles, Magnetic field, Making

magnets by stroking, Uses of magnets
Form B: Heating. lighting, chemical and magnetic effects of electrical

current, Magnetic induction, Methods of making magnets by

passage of electricity (electro-magnets), Comparison of permanent

m~gnets and electromagnets, Uses of eleotromagnets

Form C~Swdy and oarry out investigations USingthe electrlc bell as an

apptlcatlon of qlectromagnets, The electric motor as an energy
transfer device(e.g.li~ing ~f'<)i9hts)

Form 0: Simple phenomei 1(.\ ~f rnagnetlsrn, including properties of

magnats, maf:
Distinction be . .

materials for uSt'· pet,\· . . electro-magnets, Magnetio effect

of an electric current, NI..~w;~(l;f ttl.:: magnetic field for straight wire,

circular coil and solenoid, Practical appliostion as in relays,

loudspeakers, Behaviour of a cull carrying a current in a magnetic

field, Moving coil instrumerm D.C. motor, The phenomenon of

electromagnetic induction, QUalitative experiments illustrating

factors affecting the magnitude and direction of the induced e.m.f.,

Simple A.C. generator, The transformer (treated as ideal),

Transmission of electrical energy, Advantages of high 'voltage

transmission.

Form E: .~eview of the four years

Most schools, however, do not follow the Ministry of EducationJs Five Year

Comprehensive Secondary Education Programme for the last two forms but

rather follow the Cambridge Overseas Schoof Certificate svllabuses, namely
5130 (5146) Additional Combined Science (Double Subject), 5124 (5142)

Science (Physics, Chemistry), 5125 (5143) Science (Physics, Biology), 5126

(5144) Science (Chemistry, Biology). Like other developing countries, which at

7



one stage were under colonial rule, Lesotho has adopted with minimal changes
a curricula slmllar to ones followed by its former coloruat ruler, the United
Kingdom (UK).

The NCDC has produced the Lesotho Junior Secondary Science materials to
meet the needs of the national situation. These materials specifically address

the issues of using more practical work, and of simplifying the language used in
textbooks, so that learners can easily follow. Middleton (1990) has observed

that IAlthough there is an emphasis on practical work, especially at the LJC

level, many pupils do not have the opportunity to do experiments because of
the lack of equipment and consumables, the lack of confidence of their teacher,
the time factor and the large class, r )cially in the lower forms.'

-rhe table on page (11) shows the structure of science education at the

secondary level and the possible routes that a student can follow. It will be

noted that at the lower level all students are expected to do science while at the

higher level students have options. In most cases, however, it Is the school

administration that decides on which options to offer becauseof factors such as
the availability of equipment and teachers.

1.2.4 Teacher Education
The training of Science teachers in Lesotho is done at two institutions/ namely

the National Teacher Training College (NTTe) and National University of Lesotho

(NUL). Primary teachers are trained at NTIe and at a lowe,' scala at NUL. At

NTTe there is no special science training for primary teachers. They are trained
to teach a wide range of subjects at a primary level. Science is offered as one

of the subjects that these teachers have to do. Within one course of Science

they are taught both content and teaching methods. The college prepares

students up to a diploma level. As Howes and Stephens (1990) observed, this

college trains teachers also on an in-service basis.

The secondary and high school teachers are trained at NTTC and NUL

8
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respectively. The NTTe offers a three year certificate, the Secondary Teachers
Certificate (STC)' which qualifies a person to teach Science up to Form C.
Student teachers are taught both Mathematics and Science (Physics, Chemistry
and Biology) and their teaching methods. The course presently takes three

years. NUL offers three programmes which enables a student to teach Science

at high schools. The first is the Diploma in Science Education (Dip. Se. Ed.).
The programme requires its candidates to do one of the Science courses as a
major and thus becomes his teaching subject at schools. This programme takes

three years. The second, taking four years, is the Bachelor of Science
Education (BScEd). The student takes two teaching subjects. The last is the

SSc plus a Post Graduate Certificate of Education (PGCE). The candidate

completes a normal SSe programme and then takes a one vear training in

education,

1.2.5 Problems faoing science education in Lesotho
Lesotho, like other developing countries, faces severe problems which have
serious implications for Science Education in the country. Kuhn and Rollnick

(1993) have noted that the economy of Lesotho Is weak. Because of this the

infrastructure at schools is poor, that is, in some schools there are no

laboratories and no equipment. i his of course makes the teachlnq of Science
very poor and encourages rote lE1arning.Kahn and Rollnick (1993) observe that

'Post-independence expansion ()f the socondarv system has not abated, there is

a severe shortage of equipment and qualified science teachers and continued

dependence on expatriate staff for the schools and for teacher support

services.' Most of the qualified teachers leave the country for greener pastures

in the Republic. of South Africa. The remaining teachers are mostly less

Qualified. Middleton (1990) shows that they often have no confidence to teach

certain topics and perform certain practical work. The other problem is that the

curriculum has been adapted from the former colonial ruler, UK, and hence does

not necessarily address the problems of the country. Kahn and Rollnick (1993)

noted that Science syllabi remain academic and aimed at a minority of the

students. The examinations, namely the O-Ievel examinations, are mostly



1.3 Conclusion

controlled from the UK. Thus, the country has little control on its Science
policy.

This research project investigates Lesotho science teachers' beliefs about
Physics and its pedagogy and the strategies that teachers use ~ntheir teaching.

The research assumes that these beliefs influence the strateples that teachers
use in their teaching and that teachers may pass over their own alternative
conceptlons to their students.

The chapter discussed Scienca Education in Lesotho in terms of the kind of

training these teachers get from their eart:~ldays in school up to the tertiary
1\

level.

The teachers' thinking is investigated with constructivism as the frarriework of

the research project. The literature review is done in the following chapter,

10
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction
This research project investigates teachers' thinking and teachers' awareness of
the existence of alternative conceptions. The research project has adopted the

constructivist theory as the fundamental basis for ncn-tradltlonal teaching in

Science. Thus the following topics were found to be appropriate to be reviewed in

this chapter:

* Concepts and concept acquisition
Alternative conceptions

Alternative conceptions in electromagnetism
Beliefs in Science teaching and learning

Teaching strategies in Science Education

*
*
*
The point of contention is that awareness of alternative conceptions Influences

teachers to adopt teaching strategies that are directed towards remediation of.
these conceptions. It is also maintained that such awareness can be measured
from the beliefs teachers hold about their students' learning and the subjects they
teach, in this case Physics.

2.2 Concepts and concept acquisition
Different researchers define Iconcepts' differently. Novak(1977) defines concepts

as 'inventions of man used to describe observed regularities in events', Hewson
(1982) studied definitions given by other researchers and concluded that ' ...all

representations of facts and events are defined as concepts.' Howard (1981)

defined concepts as ' ...mental representational of a category, which allows a

person to sort stimuli into instances and non..Instances.' Stanton (1990) argues

that concepts are I ..• constructs of the humanmind, organized around perceptions

of objects and events.' Concepts are, therefore, mental understandings a person

builds and holds about a particular phenomenon. A person, because of a wide

range of factors such as experience and teaching/learning, comes across a

phenomenon and mentally forms a picture. This picture remains a representatlon



of that particular phenomenon from which other pictures of other phenomena

develop.

Concept formation starts from early childhood. For example, a child first starts to

identify a person as a 'mother' or a 'father' and later as 'brothers' and 'sisters',
The process progresses and refines as the child gets older, but exactly how this

occurs has been the subject of ongoing debate over the years. An earlier

understanding was that concepts are influenced by the outside world. This

lnductlvlst view of science maintained that an knowledge is based on observation
(Driver, 1983). The argument was that if under the same conditions one person
can observe a phenomenon and that the same observation can be made by the

next person then it can be concluded that that is the general behaviour. One of

the basic assumptions in this view was that observations will not be influenced by

other factors such as the observer's experience, and thus making it an objective

process from which Science could be tearnt. Becauseobservation was seen to be

so important, learners would observe a phenomenon and then from it deduce the

general behaviour.

The lnductlvlst ttieOl'Ywas criticized on the basis that learning really takes place

In the mind where' ...theories are not related by induction to sense data, but are

constructions of the human mind whose link with the world of experience comes

through the processes by which they are tested and evaluated.' (Driver, 1983).

The process where mind is the basis of all knowledge forms the fundamental tenet
of constructivist epistemology. Watts and Pope (1989) argue that 'people ars

restlessly proactive - they set about interpreting their own world, they are not just

passive recipients of someone else's knowledge. r This process takes place in

someone's mind. Stanton (1990) argues that I... concept formation is a mental

process and should be peculiar to the individual who Is forming the concept. t It is

this peculiarity of concepts that necessitates the study of how concepts are

formed. The process of concept formation includes making sense of and

interpreting the n.ewsituation the learner comes across. There must be a situation

where there is a change from one idea, which might be a general one and oat

13
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necessarllv sCientifically accepted, to another, which might be a scicntifit'i.illy
accepted one.

Understanding constructivism requires an understanding the earlier contributions

of psychologists such as Piaget, AusubeJ and others whose theories laid the

foundation for the constructivist theory (Solomon, 1994; Stanton, 1990). These

psychologists were not necessarily interested only in ScienceEducation but rather
in education as a'whole, Piaget proposed a developmental learning theory where

a child is seen to go through four stages of cognitive development. Driver (1983)

summarises the Piagetain theory as being based on the ' ...view that children's

knowledge of a progrer.slvelymoreobjective kind isconstructed through interaction

with the environment. I Piaget uses two biological concepts, assimilation and

accommodation I to show that a person assimilates new experiences ant: then

accommodates it to the already existing knowledge. However, it should be noted
that what is assimilated does not depend entirely on the environment but also on
the experience of the person. Bliss (1995) explains the two terms as follows:

JAssimilation is the activity that permits the gradual incorporation of new ideasand

information into a person's mental schemes: that is to say when people tackle new

situations they try to incorporate the novelty of the outside world Into what they

already know and understand.... lndividuals do not submit passively to such

constraints but adjust their thinking, their mental schemes, so that they can deal

with these novel ideas and information. Thus, accommodation is the activity of
modifying assimilatory schemes.' Drivel' (1983) and Stanton (1.990) agree that

what is crucial about the Piagetiantheory is the fact that the learner constructs his

knowledge through lnteraotlon with the environment and the resolution of the

cognitive dissonance that may occur between expectations and observations.

Ausubel's Theory of Meaningful Learning assumes that the learner organizes and

structures his own knowledge. Ausubel madea distinction between rote learning

and meaningful tearningwhere in the latter the learner relates the new knowledge

to relevant existing concepts in his cognitive structure whereas, in the former no

relevant concepts are available in the cognitive structure (Driver, 1983; Stanton,



1990). Stanton (1990) argues that the central issue in Ausubel's theory is the
process of subsumptlon which involves an lrrteraction at the interface between the
subsumer, the exlstlnq or anchoring concept, and the new knowledge. This
Interaction results in an alteration of both the new knowledge and the subsumer.

From these theories we must assume that students come to classrooms with
certain specific ideas already in place, and that these ideas are critical to their
learning. This, coupled with the assumption that these ideas are developed

rnentallv by an individual, forms the basic tenet of constructivism. Hewson and
Hewson (19S8) have summarised the constructivist picture as follows: 'learners

actively construct their own new knowledge •....They do this by uSing.their existing

knowledge to interpret new information inways which makesenseto them. They

build their own conceptual structures in which they incorporate empirical
phenomena, concepts, and explanatory patterns.' The role played by instruction

must t therefore, be that of reshaping these ideas, in the case where they are not

consistent with scientific ones, or totally replacing them. According to the

constructivist view of learning, learners construct their own meanings as they

experience different phenomena, Fensham,GunstoneandWhite (1994) argue that

this ' ... constructed meaning depends on the person's existing knowledge, and

since it is inevitable that people have had different experiences and have heard or

read different things, all have different ... meanings for any concept.' Scionce

educators, therefore, have a responsibility of identifying eXisting knowledge with

the aim of predicting posslbletalternative) meanings, Such meanings will be of

importance to the teaching/learning process that is to follow.

Not being aware of these possible meanings may result in undesired
teaching/learning outcomes. Gilbert, Osborne and Fensham (1982) dlsc.;'h$

possible arrangements of outcomes of scienceteaching between what they termed

'Teachers' S1ience' and 'Students' Science'. They show that there a"a at least

five possible arrangements, namely

(i) thq undisturbed cbltdren's science outcome where the 'Students'

Science' view is not modified by 'Teethers' Science',

I
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(ii) the two perspective outcome where the 'Teachers' Science' hasbeen
taken only for the purposes of evaluation, while the student holds on

to his own 'Students' Science' to explain any other situation,

(ii!) the reinforced outcome in which the 'Teachers' ScienceJ viewpoint is
used to explain a particular situation while the 'Students' Science'
viewpoint remains internalised by the student,

Uv} the mixed outcome in which both JTeachers'Science' and 'Students'

Science' coexist and

(v) the unified scientific outcome where 'Teachers' Science' is

completely accepted by tile student, to form an acceptable scientific

viewpoint.
This last outcome is the one Torwhich any science educator should be aiming. In

this outcome the 'Teachers' Science' which is scientifically accepted has bean
completely accommodated by the student.

Posner, Strike, Hewson and Gertzog (1982) suggest conditions under which the

accommodatlon of new concepts can be achieved. Their theory is based on the

understanding that the prior knowledge of people is of crltloal lmportance and that
this process of knowledge constructlon is a mental one and peculiar to each

individual (Stanton 1990). These conditions are: firstly, students must find

dissatisfaction with their existing conception. That is, they must feel that their

ideas lack the pewer to explain every situation. They must feel a need to find a

new conception that can explain those situations that arenot explained by their old

ideas. Secondly,. thf1Vmust find the new conception intelligible. Students should

be able to see how experience can be translated by the new conception to explain
what is Inherent in it. Thirdly, students must find the new conceptlon plausible.

They should realize that the new conception explains even those problems that

were not explained by the old conception. They must find the new conception to

be consistent under any test at any given time. Lastly, the new idea must be

fruitful. Students must feel that because of this new conception they have more

questions and have built up an interest to find out more about the related

concepts. Thus the awareness by students of their own ideas and of others is of
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critical importance to the constructivist theory.

Hashweh (1986) finds this theory lacking in emphasizing '...distinctions between
the psychological processes leading to stability, those leading to change, and the

distinctions between these psychological nrocesses and the external conditions
related to them.' He suggests three categories of factors that must be identified
to explain the process of conceptual change. These categories are:
(i) Factors affecting persistence of preconceptlons,

(ii) Factor.. f:~fecting the acquisition of new conceptions, and

(iii) Factors affecting cognitive restructurlng,

The three categories, suggested by Hashweh, includes Loth the psychological and

external factors. These categories must be attended to equally to ensure the

process of conceptual change.

There are other researchers, however, who feel that the constructivist !.f1eoryhas

not attempted to address problems in Scienc~ Education convincingly. Under

{1993} studied Posner at al.'s theory and raises some criticisms. Linder argues
that the problem of science teaching lies not with the fact that students often
reflect alternative conceptions, but with the fact they do not develop new

meaningful relationships with the new contexts that arebeing introduced to them.

According to Linder there is a distinction between the mental-model perspective

and phenomenoqraphlc perspective, where the former looks at conceptions as

tangible lnslde-head constructs, and the latter looks at the same conceptions as

being characterizations of categories of description reflecting person-world

relationship. Thus, Linder concaides I ••• instead of depicting meaningful learning

in terms of conceptual change we should consider depicting it in terms of

conceptual appreciation .... ' Solomon (1994) observes two issues that shed light

on the apparent weaknesses in constructlvlsrn. Firstiy: in 1988 MlIIar raised the

argument as to whether constructivism is a method of teaching or a coherent

framework: this however had been noted in one of the earliest papers on
constructivism by Driver and Easley (1978), so that the issue had not been
resolved in the interverning ten years. Secondly, Solomon notes that at the third
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conference on Misconceptions at Ithaca NY in 1993 the participants found
themselves with no message to pass on to a follow-up meeting.

Osborne (1996) also raisessomecriticisms of constructivism. Osbornearguesthat

the theory, because it concentrated on the resilience of the learners' beliefs and a
social construction of reality, suffers serious epistemological flaws. According to

Osborne the theory fails in that it leaves important aspects of how new knowledge
is made. Secondly, because of the extent given to personal and social

considerations over the obdurateness of the natural world, the theory fails to
distinguish between real and theoretical entities. This, therefore, leads to an
instrumentalist epistemology and a misrepresentation of the nature of science.

However I fully cognlsant of the above criticisms, this research project takes

constructivism as its basic framework.

2.3 Alternative conceptions
2.3.1 Defining alternative conceptions:

Most science educators and researchershave found that children hold ideas about

sclentltlc concepts that are not necessarily scientific (Shipstone, 1984). This

observation has negated the prior notion that children coma to classrooms with

empty minds. Driver (1983) argues against this 'tabula rasa' idea and maintains

that 'From the very earliest days in its life, a child develops beliefs about the

things that happen in its surroundings.' Research has further shown that such

ideas are not dependant on where the research is done but are universal.

There is disagreement about the use of the terms 'conceptlon' and 'framework'

in referring to students' ideas. Researcherssuch as Gauld (1988) use the term

'framework' to refer to students' understandings as ordered and schematic

understandings of a concept. On the other hand, other researchers such as
Dykstra, Boyle and Monarch (1992) and Stanton (1990) tend to use the term

'conception' to refer to students' knowledge about how the world works or how

it is constituted. Both these terms refer to the ldeas of students. Stanton ,1990)
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has noted that Hewson (1981) preferred the term 'conception' rather than
'framework' because the latter term suggests an organization of ideas rather than

the ideas themselves. 1'he same observation has beenmade by Abimbola (1988)

who also argues why 'alternative conception' is a preferred term. However I

researchers are if! agreement that these ideascannot or should not be referred to

as 'misconceptions' becauseof the negative connotations of the word. Solomon
(1994) observed the messageof the first conference on Misconceptions in Science
and Mathematics at Cornell University ~Ithaca, NV was that "The students' ideas

were not to be consideredwrong when compared with accepted ones of science,
but only different. f The term 'misconception' has the implication that the idea is
wrong, Thus the agreement that the term should not beused to refer to students'

ideas, For the purposes of this research report the term 'conceptions' is seen to

be appropriate. Thus, by 'alternative conceptions' it shall be referred to those

student ideas that are not necessarily scientific.

2.3.2 General features of alternative conceptions:

Alternative conceptions have beenshown to be world wide, to be held by students
of all ages and not dependent on cultural backgrounds (Thijs and Sergt 1996;
Driver, Squires, Rlishworth andWood..Bonblnson, 1994). Driver et el. (1994) also

show that these conceptions are often universal and no~necessarily idiosyncratic.

'rhijs and Berg (199B) discuss the universality of alternative conceptions in various

areas of Physics such as mschanlcs, heat and temperature, light and electricity.

They show that all over the world students harbour the following alternative
conceptions:

* In mechanics:

( a ) Associating force and motion

( b ) Associating force with a single agent

( c ) Not differentiating various aspects of motion

* In heat arid temperature:

( a ) Temperature is taken to be an extensive variable rather than an

'intensive one

( b ) Lack of distinction between heat and temperature
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( c ) Perception of heat as material (caloric fluid like Lavoisier)

*In light:

(a ) Light is conceived as a source e.g. an electric bulb, an effect e.g.

patch of light, or state e.g. brightness

( b ) Light is not recognized as a physical entity existing in space

between its source and the effect it produces

( c ) For luminous objects, vision is explained as Ught coming to the

eye; for rron-lumtnous objects, however, an 'eye is active! model

is used

'* In electricity:

( a ) Many students seem to believe that the same amount of current

is supplied by a battery independent of the circuit connected

('Constant supply of current'), and that the current is 'used up'
as it flows through the bulb (I Current consumption').

( b ) Instead of a way of reasorting where all parts of a circuit are

interrelated and influence one another t many pupils think that a

change in circuit has only local or sequential (/downstream')

consequences.

( c .) Clashing ";urrents: In a circuit there are two opposing currents

.which clash in an appliance or lamp.

Students' ideas have found to be resistant to change. Hashweh(1986l notes that

students ideas take the form of procedural knowledge. Solomon (1992) shows

that procedural knowledge is embedded in mental programmes and allows people

to talk about one thing while doing the other. It Is this nature of knowledge that

makes students' ideas difficult to change. Students' ideas are also made resistant

to .;hange by their origin. For example those ideas that are the result of

observation and experience will be difficult to be rernodlated, Some examples of

alternative conceptions that are resistant to change have been given by Thijs

(1992):

(a) in a rest situation, no force (or only the terce of gravity) are present:
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(b) when an object moves at a constant speed, a force is acting in the dtrectloi

of the motion, which is necessary to overcome ccuntertorcesr

(c) a force exerted on an object is imparted to that object as an acquired

"lmputus":
(d) the impetus of a body will gradually weaken, for example, through friction

or gravity; and

(e) an increasing velocity requires an increasing force in the direction of the

motion.

Kuiper (1994) studied students' ideas on force from a sample of students from

Zimbabwe, The Netherlands, Botwana, Lesotho, Swaziland and Mozambique. The

study concluded that 'Though the frequencies with which various incorrect Ideas

are found might be somewhat different from one country to another ( the types of

Ideas are the same, as are the occurrences of the various clusters of students

identified earlier,' This study shows that alternative conceptions are common

across cultures even though cultural background will later be shown to be one of

the causes of the.se conceptions.

2.3.3 Origin of alternative conceptions

Students' ideas have been reported to be caused by a wide range of factors that

seem to be common to all topics In SCience, particularly in Physics. Researchers

such as Driver '!Jt sl. ('1994) and Head (1986) discusses common origins of

children's conceptions. Amongst these are experience and observatton, language

and cultural influence, and textbooks and traditional teaching.

(a) Observation and Experience: Shipstone (1984) and Head (1986) observe

that children learn through handling, and that this exercise starts as early ~s

childhood, even before any formal teaching of the relevant subject matter.

Driver et el. ('1994) argues that ~Childrenfs science conceptions are not

idiosyncratic nor are they in many cases heavily culturally dependent. They

are shaped by personal experience with phenomena.' Hashweh (1986) also

support this view. Hashweh argues that most of the preconceptions



students have are a result of experience in interacting with the world.

According to him preconceptions take the form of procedural knowledge and
because of this alternative conceptions influenced by experience and
observation will be difficult to correct. Andersson (1986} suggests a theory
which in principle is influenced by the experiences and observations that
students make about the world. He argues that in students' observations
and experiences there is a common core, an experiential gestalt of

causation. Its components are agent, instrument and object. According to

Andersson in an experiment where students are asked to form an

electromagnet the I •.. battery is the agent, the current is the instrument and
the bolt is the object .... '

(b) Language and culture: Driver et et. (1994) arguethat children have, because

of language, different ways of thinking and imagination. The crucial role
played by language is also observed by Curtis and Millar {1988}. According

to them! ... the learning of abstract scientific concepts depends both on the

child's abllltv to use language to explore his/her existing conception and on
the richness of the word-and the idea-associationswhich the child haswith
the particular scientific ideas involved.' Gilbert et al. (1982) argue that

students mostly make sensa of what they read or hear about science by

using the everyday interpretation of the word. The study of Johnstone and

Cassels (1978) also support this view. They found that words which give

more problems are not necessarily those that are purely technical but rather

those which are in use in normal english language and having specific

meanings in SCience. According to Head (1986) the problem lies with the

use of metaphors since metaphorical speech causes confusion because

some words may be common to both everyday life and science. Sanders

(1988) has noted that one of the problems of language facing SCience

Education is the fact that words have different meanings even within

different scientific disciplines.

Baker and Taylor (1995) reviewed literature on the effect of culture on the
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learning of science. They conclude that I ••• the personal construction of

meaning in science is related to the linguistic background of the Isarner, and

to the compatibility of the learner's langllage with that of science

education.' They further conclude that the cultural background of each

student has a significant effect on their way of teaming and understanding

scientific concepts. Thus, the language used both in teaching and in

textbooks has direct impact on the nature of the conception a student forms

about a particular scientific concept.

( c) Traditional teaching strategies: Recent research studies reflect that teachers

also hold alternative conceptions (RoHnick and Rutherford, 1990). Jegede

(1995) argues that in the African situation teaching is authoritative. He

maintains that 'This locus of authority of knowledge is trpnsfe:rredinto the

ctassrcom'whers the science teacher is seen as the elder who "knows all"

in matters relating to scientific facts, processes, principles, and

laws'temphasls added). Thijs and Berg (1996) notes Prophet's (1988)

observation that in Botswana pupils' learning is unreflective and by rote,

that they want clear instructions of what they have to do, and that teachers

view themselves as authority figures whose word is not to be questioned.

It should therefore be expected that teachers can transfer their alternative

conceptions to students.

Head (1986) discusses, amongst other factors, the confusion brought about

by analogies in science teaching and in textbooks. Head's argument is that

analogies remain true within certain limits but teachers and textbooks fail to

iterate this phenomenon explicitly to students. Jimanez ..Aleixandre (1992)

notes that children do not make possible transfer of knowledge to new

situations because, amongst other reasons, the lack of attention paid by

teachers and textbooks to pupils' own explanations for natural phenomena.

(d) Other causes: The three causes discussed above are by no means the only

causes. Baker and Taylor (1996) has shown that in addition to culture and
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language the traditional explanation, or what other researcher. such as
Jegede (1995) refer to as the African view, plays a crucial role in
understanding and iearningof science, especially in rton-western countries.

Head (1986) identifies other features of alternative conceptions. These are

the peer culture and the innate origin of some Ideas. Eylon and Ganlal
(1990) studied students' reasoning patterns in solving problems related to

electrostatics. They concluded that students fail to identify the relationship
between the microscopic andmacroscopic variables andthat becauseof this
apparent failure students end up with inconsistent reasoning.

2.4 Studenta' altern:"Aive conceptions in Electromagnetism
Many researchers (Shipstone, 1984; Kuiper, 1994; Watts, 1983; Thornaz,

Mafaquias, Valente, and Antunes, 1995) have reported that children have a wide

range of alternative conceptions in Physics. However relatively 'few studies have

been made specifically in the area of electromagnetism.

Finley (1986) conducted a study which was aimed at determining the extent to
which the intended learning was achieved and what conceptual change had

occurred after students watched a television programme about magnets. The

study looked C!l the ideas of second-qrade students on magnets and magnetic

interactions. It reported that some students did not use the intended words such
as 'attract', 'repel' and 'magnetic' I even though they were in one way or another

introduced to them, and emphasis put on the correct usage of the words. It also

showed that prior to watching the programme on magnets some of these students
compared the strength of the magnet with its size. Erickson (1994) studied ideas

of approximately 120 pupils from the Province of British Columbia. He found that

younger pupils do not know that a magnet haspoleswhich suggests the possibility

that these pupils may not usewords such as 'repulsion'. Arons (1990) arguesthat
many children have experiencedattraction in playing with magnets and nails, paper

clips and so on but are astonished to observe repulsion between two magnets.

Arons (1990) further claims that ' ...one finds expectations such as the repulsion

of positive electric charges by north magnetic poles, attraction or repulsion of
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stationary charges by the magnetic field around a current carrying wire, and a

variety of other nonexistent effects. t He puts the blame on the failure of

instruction and warns that •.•.many students have not developed, in prior

experience, sufficient familiarity with electrical and magnetic phenomena to

distinguish operatlonallv between them •.'

Selman I Krupa, Stone and Jacquetta (1982) conducted a study whose purpose

was to explore the concepts and thought processes that children of different ages

bring to scientific phenomena. They found that students at age 3..9 years explain

electromagnets in terms of the wire while older students referred to electricity as

the source. These children explain electricity as something in the battery that can

go through the wire. Selman et el. (1982) studv's results may be compared with

the Andersson (1986) study. Andersson (1986) reported that students think that

if an electromagnet is made with an insulated wire the insulating plastic will not

aHow contact between the wire and the iron core so that the iron will not become

maqnenc.

Thus, like in other topics in Physics, the above cited literature provides evidence

that students do hold alternative conceptions in electromagnetism. Research does

show that the reported alternative conceptions are universal. Herrmann (1991)

purports that most students have problems in solVing problems related to magnetic

field distributions. He puts the blame on teaching.

2.5 Beliefs in Science teaching and learning
The term 'belief' has been defined differently by various researchers. for the

purposes of this report Koballa and Crawley's (1985) definition has been adopted.

Knballa and Crawley (1985) define the word 'belief' as .... the information that a

person accepts to be true .... ', Ernest (1989) uses the word to include

conceptlons, values and idef'llogies. On the other hand Koballa and Crawley (1985)

define 'attitudes toward science' as ' ... a general and enduring positive or negative

feeling about science' In discussing Koballa and Crawley's definition, Riggs and

Enochs (1990) show that while attitudes may be looked at as ', ••general positive
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or negative feeling toward something' they may be ', ..formed on the basis of

beliefs, and both attitudes and beliefs relate to behavior.'

Because of the difficulty in defining what is or what is not 'true' in the social

sciences, because of the nature of these disciplines and the processes of teaching

and learning, beliefs are, therefore, personal constructs. Nevertheless research

shows that then~ can be common beliefs about particular phencmenona, while

there might also be many factors that result in people developing specific beliefs.

Re~t:. rch does show that prospective teachers come for their training with well

developed sets of beliefs about what teaching is all about. Weinstein (1990)

argues that research reveals that ' •••preservlce teachers enter preparation

programs with confidence in their ability to teach ... and a lack of appreciation for

the complexity and uncertainty of the teaohing~learning relatlonshlp, I

The relationship between teachers' beliefs and the process of teaching/learning is

an important one, for it is likely to determine the kind of learning that is likely to

result. This view is supported by Rich (1990) who writes '. ••teachers hold beliefs

not only about the wisdom and efficacy of specific practices. They also maintain

educational beliefs of a more ideological nature that may be directly or indirectly

related to teachers' declslon rnaktnq.' Hewson, Kerby, and Cook (1995) further

support this view by arguing that the thoughts that teachers have about the

content and students they are to teach influence the way they will teach.

Much research has been dona to study beliefs of both teachers and students in

Science Education. These studies have shown that both teechars' and students'

beliefs can influence the teaching/learning process. Pomeroy (1993) investigated

beliefs about the nature of science held by a sample of scientists, secondary

science teachers and elementary teachers by attempting to establish if there is any

differences between how these different samples view the nature of science and

Science Education. The study revealed that traditional views of science were

expressed mostly by scientists, then by secondary science teachers and least by
elementary teachers. The same trend was observed regarding the traditional views



r r <icience Education. The studv further found that there was a correlation

between beliefs about scienceandscienceeducation. crontn-Jcnes (1991) studied

the influence of science teachers' beliefs on curriculum implementation. The
study identified four major categories of beliefs, namely beliefs on how students
learn, beliefs on teachers' roles in the classroom, beliefs on the ability levels of

students and beliefs on the relative importance of content topics. The study
concluded that teachers' beliefs have influences on the curriculum implementation
process. Yore (1991) studied teachers' attitudes towards and beliefs about

science reading and textbooks, The results of this study revealed that teachers

have intuitive bellefs about science reading although they seemed to lack
knowledge about many accepted cognitive and metacognitive reading skills.
Brickhouse (1989) examined teachers' phltosophles of sclsnce and their influence

on classroom instruction. The results Illustrated that these philosophies were

consistent with the teachers' instruction.

I

The studies reviewed above are in agreement with Rich's (1990) conclusion that

'Since teachers' beliefs about specific pedagogical practices are heavily grouped
in their personal educational experiences (Guskey, 1986), there is good reason to

assert that teachers' Ideological beliefs are related, directly or indirectly, to their

instructional planning and decision making.'

However, it is noted that other studies have shown negative results. Lederman

and Zeidler (1987) showed that science teachers' conceptions do not necessarily
affect their classroom behaviour but they would expect other factors such as

curriculum constraints and administrative policies to have such influence.

2.6 Teaching strategies in Science Education.
Constructivist theory suggests that students have ideas prior to Instruction and

that these ideas areoften significantly different from the ones that arescientifically

accepted and are surprisingly resistant to change (Hewson and Hewson, 1989).

The theory calls for teachers to be aware of students' conceptions in order to be

able to address them. Ignorance, on the side of teachers, of students' conceptions
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can result in undesired teaching/learning outcomes, Researchers in Science

Education argue that students' ncnceptlons are of critical lrnpo. ranee to the

process of teaching and learn!nt ,)river at st. (1994) say 'Teachers need to be

aware of pupWs existing ideas, 01 the learning goals and also of the nature of any

difference betweon the two, when they are planning and implementing teaching.'

This is in agreement with Ivowi (1986) who maintains that 'Teachers ability to

detect misconceptions in their students is •,. an essential condition for any possible

corrections that may be achieved through instruction.' Studies have been

undertaken to find out if teachers are aware of students alternative ooncepttans.

Berg and Brouwer (1991) studied teachers' awareness of students' etternattve

conceptions in the area of force and gravity and their teaching strategies used to

address these conceptions. The results of that study showed that teachers were

relatively unaware of the alternative conceptions students had prior to teaching.

It also showed that some teachers had those alterr .vs conceptions themselves.

Teachers' strategies reflected in this study were mainly expository, demonstration

of the desired conceptions, analogies and questioning coupled with general

discussion. The study further revealed that teachers did not meet the conditions

suggested by the Posner et st. IS (1982) theory of accommodation. Sequeira, Leite

and Duarte (1 ~93) reported on the attitudes of science teachers in Portugal

towards students' alternative conceptions and the use of teaching strategies

chosen to address these conceptions. The study reported that there were some

teachers who were aware of these alternative conceptions and their possible

negative effects -towards students' learning. But on the other hand there were

some teachers who were not aware of the existence of alternative conceptions and

their possible effects. However even those teachers who were aware Ol! these

alternative conceptions did not select strategies that fitted well within the

constructivist perspective of science teaching and learning. These studies confirm

the results of Arons (1981) and Watts and Zylbersztajn (1981) which indicated

that teachers may not be aware of students' alternative conceptions.

Hashweh (1996) conducted a study to ascertain whether or not teachers holding
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constructivist beliefs
(a) are more likely to detect student alternative conceptions;
(b) have a richer repertoire of teaching strategies;

(c) \'"e potentially more effective teaching strategies;
(d) report more frequent use of effective teaching strateqles: and
(e) highly value these teachirtg strategies compared with teachers holding

emplrlclst beliefs.
The study showed that, in general, constructivism had a positive influence in all

five catagorles.

Hashv-sh had categorised his sample into four groups, namely learning
cor n .ttvlsts, knowledge constructivists, learning empiricists and kn(.)wledge

empiricist. Leal1'ing constructivists reflect the view that knowledge is constructed

by lndlvidual. They areaware of students' ideasand their critical role towards the
learning process. They acknowledge that teaching must confront students'

alternative conceptions. Learning empiricists do n"'~believethat students develop

Ideas In science on their own, and are not aware of the existence of alternative

conceptions.

Know/edge constructivtsts, amongst others, view the aim of science as being to

develop theories to understand the world. They believethat scientific knowledge
is tentative and invented. Know/edge empiricists view the aim of science as

collecting facts about the world. They believe that scientific knowledge is

objective, permanent and discovered and emphasise the role of observations.

This study, however, showed that the catagories were not mutually exclusive.

Hewson and Hewson (1987) have noted that it is importar.t for teachers to be

aware of the role played by students' existing ideas in understanding new material.

The possible threat, as illustrated by Hashweh (1996), is that teachers not

subscribing to the constructivist ideology are likely not to be aware of students'

alternative conceptions, and as a result employ teaching strategies that do not

29



foster meaningful learning. Studies like Berg and Brouwer (1991) also reveal tnat

teachers have similar alternative conceptions as their students. If this is the case

then it might be expected that teachers' Classroom behaviour anti their teaching

methods will be authoritarian rather than oonstructlvtst. Some teachers are likely

to t ••• reJy on textbooks, emphasize memorization of facts, limit students verbal

participation in class •.•. ' (Stoddart, Connell, Stofflett and Peck, 1993). Secondly,

they are likely to pass over their unscientific ideas to students.

However, it is noted that other researchers in Science Education do not think that

tgood science teaching: has to be that VJhich is totally governed by the

constructivist t~eory I Wildy and Wallace (1995) observed that good teaching can
"

be influenced by a {.umber of themes, namely teacher confidence, the structure of

the discipline, student motivation, trust, and the cultural context of teaching.

2.7 Conclusions
Constructivism has been found to be an important and fundamental basis for

Science Education since the theory can than be used to distinguish between

traditional versus nontraditional methods of teaching, as well as to define

traditional and nontraditional beliefs about teaching. This. chapter showed that

children hold alternative conceptions in all areas of Physics including

electromagnetism. It also raised the fact that teachers do hold beliefs about the

learning of their students and about the subjects they teach. The methods which

some teachers employ in their teaching does not follow constructivist principles.

The above literature findings, namely that teachers hold beliefs about their teaching

and that their teaching may be at odds with the constructivist theory, are used to

develop the research instrument to be discussed in Chapter 3.
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CHAPTER 3

RESEARCH DESIGN

3.1 RESEARCH PROJECT

3.1.1 Introduction
The previous chapter discussed the theoretical framework of this study, nsmelv
canstructivism, the fuf1l:{<amentaltenet of which is the understanding amongst

science educators and researchersthat students come to classrooms with already
well established ideas about different phenomena,and that these ideasare critical

to the teaching/learning process because of their possible influence on the
accommodation of new materia}. The aim of this study is to find out whether

teachers are aware of such constructivist ideas,andto what extent this influenoes

their teac:hing, the learning of their students, and teachers' beliefs about Physics
and Phvslcs Education and effecti "e teaching strategies. This chapter dlacusses
the methodology. employed to establish data which is to be used to achieve this

aim. The research tool used to co'lect data in this study is a Questionnaire.

3.1.2 Sample
The sample consists of one high school Physics teacher from each of 21 djffer~mt

high schools in Lesotho. These schools are chosen from those schools who otter

the following comblnatrcns of science subjects, as lndlcated on diagram 1 (pase

11): (i) Physics only I un Physics with Chem:stry or Biology, and (Ill) Combined

Science. A list of schools registered by the end of 1994 was obtained from the

Ministry of Education in Lesotho. The 21 schools were chosen such that 14were

in the lowlands of the country while seven were in the highlands, This was done

with the realization that the situation in both the lowlands and highlands are

different in terms of, amongst others, availability of equipment, stability of
teachers, number of students and infrastructure in general. The researcher also

estimated that in general high schools in Lesotho might be spread in the ratio 2:1.
Having divided the schools in these two categories they w:.:;rethen chosen
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randomly.

Each of the 21 Physics teachers were asked to complete Questionnaire 1t shown

in Appendix A, which consists of two sections. Section A concerns the
background of teachers, while Seotion B lnvestlpates the teachers' beliefs. Section

B consists of two sub-seotlons, The first sub-sectlon consists of 24 statements

with a six-Point Likert scale given for teachers to indicate 'he appropriate degree

of agreement with each of the 24 statements. The second sub-section is an open

elided section where teachers are asked to explain their responses to each

statement.

The second part of the study is based on Questionnaires 2 (Appendix B) and

Questionnaire 3 (Appendix C). Questionnaire 2 was given to 10 of the 21 high

school Physics teachers, of which two of them were in the highlands. These are

the teachers who agreed to participate in this part of the study. In this

Questionnaire there are five multiple oholee questions where teachers are asked to

(il tick the correct response,
(ii) choose options that are likely to be chosen by students, and

(iii) explain why they think students will choose that option.

Then the same questions were given to about 200 students from those classes

that were taught by teachers who had agreed to participate In this part of the

research project, However the questionnaire given to students, (Questionnaire 3;

Appendix C, only asked them to tick the correct response.

3.1.3 Questionnaires

Three questlcnnalres were developed as indicated above. Section A of

Questionnaire 1 was developed by the researcher and aims at establishing both the

qualification and experience of teachers taking part ln this study. The section will

give information as to whether, given the size of this sample, teachers in Lesotho's

hit',h schoots are all qualified to teach science, in particular Pnvstcs, at high school

level and will also indicate teaching experience. Some of the statements of

Section B have been adopted with minor changes from Pomeroy (1993), while
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Current flowing in a conductor creates an electric field around

the conductor.

A stationary positive charge will either be attracted or repelled

by the magnetic field around the current carrying conductor

A stationary positive charge is repelled or attracted by north

magnetic poles

Attraction is sufficient test for whether a material is a magnet

or not.

The presence/absence of insulation on a current ..cel'rying wire

will/will not allow a core to be magnetised.

a stationary small charged insulator can be repelled by a very

large, uncharged stationary conductor

others have been developed by the researcher. The statements are tlesigned to

test the beliefs of teachers on two categories, namely teaching methods in Physics

and students' knowledge (with special emphasis on electromagnetism).

Questionnaires 2 and 3 comprise five questions. Some of these questions have

been developed .by the researcher while some were adapted from Andersson

(1986) and Stanton (r993). The main purpose of these questionnaires is to

establish whether teachers are aware of the alternative conceptions students hold.

Briefly these questions were designed to ascertain the alternative oonceptlons:

Que stlon 1:

Questa~n 3:

Question 4:

Question 5:

3.1.4 Data Analysis
The study is looking at the existence of tradltlonal or non-tradttlonal beliefs of

teachers in Lesotho's high schools towards electromagnetism and its pedagogy,

teaching strategies. For this purpose questions in Questionnaire 1are divided into

the following categories:

'* Students' knowIHJl1')

Tradltlonal teaching vs Non ..Traditional teaching

(statements 1., 15, 18 and 21).
Teachers' view of electromagnetic concepts
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(statements 9, ~j1, 12, 13, 16, 20 and 24)

* Teaching Methods:
General methods
(statements 3, 4, 7, 8, 14, 23)

Use.of experiments
(statements z, 5, 6, 10, 17, 19, 22)

The data from this questionnaire is then analysed in two way .... Firstly, there is"
quantitative analysis where the responses are firstly grouped per statement. Then
an index of.agreement (IA) is calculated as follows:

1A= llni
3N

where n is the number of teachers choosing one of the six points on the Likert
scale, i is a multiplier corresponding to the point on the scale as follows: 1

(.strongly disagree) corresponds to w3, 2 to ..2, 3 to ..1, 4 to +1, 5 to +2 and

6(strongly agree) to +3. N is the total number of teachers responding to that

statement. Division by 3 was done to confine IA within the range -1 and + 1.

If IA is negative the sample is assumed to disagree with the statement, but if JA
is positive the sample agrees with the statement.

The responses are then categorised according to what each statement is testing

and the same procedure as above is followed to calculate IA. The value of IA is

interpreted as above.

The qualitative data is analvsed, for each category, by looking at those statements

which the researcher found to be agreeing or disagreeingwith statements in each



category. The view expressed by the respondent is taken to represent their belief

about the issue in question.

The rnultlple choice questions in Questionnaire 3 are analysed by using a computer

program of the Physics Department at the University of the Witwatersrand

designed for such purposes, The same data from Questionnaire 2 is analysed by

hand by the researcher since these are only ten respondents, The qualitative data.
from the same questionnaire is analysed by looking at explanations given by

respondentc to justify their predictions.

3.2 PILOT STUDY

3.2.1 Introduction

Test construction is an important step in performing research since it quarantses

the kind of data that the research instrument is likely to produce. It is therefore

crucial, evan before doing the actual stli.dy, to be able to answer questions such

as whether the questions are asking for what the researcher wants to establish,

and if they do so at the right level. It is also important to establish whether they

are consistent in what they ask, These questions of valldity and reliabillty of

questionnaires are crucial. Gay (1981) argues that IA test is not valid per se; it is

valid for a particular purpose and for a particular group,' Comparing the questions

with the research aim and target sample was therefore important, A pilot study

was therefore conducted.

3.2.2 Pilot Sample

Three male qualified high school teachers were asked to participate at this stage.

Two of these teachers were Physics teachers at the Lerotholl Polytechnic's pre-

entry course in Maseru. One of them holds a BSc(Ed) degree while the other holds

a SSc and a BscHons in Mathematics. The third teacher teaches at the Lesotho

Telecommunications Training School and holds a BSc(Ed) degree. Sclencs teachers

of senior secondary classes in Lesotho hold these degrees as has been shown in

Chapter 1. The three teachers, one way or the other, have experience of high

35



school teaching and aretherefore aware of high school Physics syllabuses. Thus,
these teachers represented the population of teachers in Lesotho's high schools
satisfactorily. It is, however, acknowledged that some schools may be have less
qualified and experienced teachers.

The questionnaires were also given to four experts. Two of these experts hold PhD

degrees in Phvslos and are lecturers at the University of the Witwatersrand. The
other two are working as lecturers in the School of ScienceEducation of the same
university.

3.2.3 Procedure

The three teachers were given Questionnaires 1 and 2 (Appendices A and B) and
asked to

* Respond to al! questions:

Explain whether the questions Wdle clear to them and will probably be to
somebody else;

Indicate any problem they saw with any of the questions

...

*
The two Physics experts were to study the second questionnaire and then

* indicate if there was a correct response for every question
Indicate any problem they can see with any particular question*

The other two science education experts studied the two questlonnalres and were.

asked to make any comments or recommendations.

3.2.3 Analysis

For Questionnaire 1 the following were studied from the responses of the above

"experts":
whether the questions/statements "\/ould be understood by teachers. This

would be deduced from the responses of the three teachers.

whether there was any likelihood of a particular question being

misinterpreted by respondents. This would be deduced from the experts

comments and from the responses of the teachers.

For Questionnaire 2 the following information was found to be necessary:

*

*
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whether the question has one and only one scientifically correct answer.

The responses of the scientists was given priority at this stage. Also the
purpose of the questions were to be considered for each case.
whether the other options are possible. The experts' responses together

with the teachers' responseswould be helpful .

'*

.
The "experts" agreed that most of the statements in the first questionnaire were

clear and that most teachers would understand them and would therefore be able

to respond. However two statements were found to be problematic and were
accordingly discarded from the list. That left the questionnaire with 24
statements. The second questionnaire was found not to have serious problems
except that a few changes regarding wording had to be made.

3~3 LIMITATIONS Of THE STUDY
The nature of this study and the placewhere it was to be administered compelled

the use of questionnaires as its research tool.

Sax (1979) discusses problems relating to the Useof questionnaires as a research

tool. Flrstly, the. motivation of the respondent is difficult to check. At the time

when data colleetlon fo,' this study had to be started, the teacher's union had
called for a strike to press for their demands for batter working condltlons. That

strike lasted for approximately two and half months. The administration of the first

questionnaire had to be delayed, and then the researcher was limited to those
schools which were fully and/or partially functioning. He later tisited those that

had been closed with the hope of seeing teachers at their homes if need be. This

strike had obviously lowered the morale of teachers, and It is possible that in

normal working conditions they might have given different information. The use

of questionnaires in this study had no way of establishing this factor.

Secondly, Sax (1979) argues the problem of sampling. If all questionnaires are not

all returned that causesa possibility of a biased sampling. Becauseof this and the

problem of motivation discussed above the researcher had to go to the schools.
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This was done with the raallzatlon of Gay's (19S'n argument that 'Attempting to

travel to each respondent in order to administer the questionnaire Is generally

impracticable and eliminates the advantage of being able to contact a large

sample.' Howev?r because of the conditions at Lesotho's high schools at the time

each respondent had to be visited. That on its own did not Interfere with the

sample and sampling method used. Although there are some advantages, the

presence of the researcher when respondents complete the questionnaire might

have a negative influence, as respondents feel pressurlsed,

The third problem Sax(1979) dlscusses concerns the Issue of mailing the

questlcnnalre, Sax argues that there Is an assumption made to the effect that

respondents are literate. Researchers often assume that teachers will understand

what they are expected to do. It became clear, whilst running these

questtonnalrea, that this assumption is not correct Some teachers wanted to

discuss the questlonrtafres with other science teachers and give 'theoretically'

correct information. in such cases the respondent Is not necessarily providing the

researcher with what he does but rather with what 'theory' tells him to do. In one

school the respondent refused to explain why he was choOSing those points,

arguing that he was only reporting what other members of the science department

were deciding on. It was therefore decided to ignore this teacher and school, and

choose another comparable school.

Questionnaires are certainly nut the perfect tool. In some cases the respondent

just writes 'Not necessarily'. The intentions of such statements can only be

assumed. In other cases the explanation given clearly does not agree with the

choice of the respondent. The researcher is then compelled to make his/her

judgement. Thus in some cases conclusions may be based on information the

respondent may not have intended to give.

3.4 CONCLUSION

38

The study hopes to collect data on beliefs of a sample of teachers from Lesotho's

high schools. These beliefs are about their teaching methods and students'



knowledge. Equally important data concern tne awareness of these teachers about

the conceptions students hold in electromagnetism, which is to be compared with

the actual students responses. This data is analysed and interpreted in chapters

4 and 5 respectively.
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CHAPTER 4

TEACHERS' BELIEFS

4.1 Introduction
The importance of knowing how teachers think has been discussed by many
educationists ( e.g. Pajares, 1992). They argue that teachers' beliefs influence
their teaching practices. This study is looking into this. Hence the first'
questionnaire asked respondents to indicate, using a Likert scale, their agreement

with a statement and then explain their choices. These responses are analysed in
this chapter. It should be noted that not all 21 respondents explained their choices

to all 24 statements, but the majority did.

l Of the 21 teachers whose responses are analysed in this study 16 were trained
teachers, Four of these teachers had not been trained to teach Physics at case
level: Two were Chemistry and Biology teachers, one had STC and one was an
agriculture teacher. The five untrained teachers did however major In Physics In
their asc. The teaching experience (in Physics)of these teachers ranged from two

months to twenty years.

4.2 QUantitative data
Table 4 (page 41) shows the responses of teachers on the 24 belief statements in

Questionnaire 1. In order to find the general trend of responses, an 'Index of

agreement' (IA) was calculated. A negative index shows a disagreement with the
statement while a positive one shows an agreement.

I

The table reflects that twelve statements (1, 3, 5, 6t a. '11, 15, 18, 21, 22, 23,
24) had fA in the range -0.3 to + 0.3. This indicates that, in general, respondents
had mixed feelings or no concreta agreement or disagreement with the statement.

In such cases it may not be advlsabls to conclude that teachers hold any specific

belief. In some other cases (e.g. statements 2, 7, 10) a clear pattern is shown.

Therefore this sample, in some statements, reflects either a traditional view or a
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Table 4 -Index of Agr~11lent for statements 1 to 24.

Statements 1 .., 3 J4 5 6 Total No. Responses (N) Index of Agreement

1 2 4 .2 I1 10 2 21 +0.175

2 14 6 0 1 0 0 21 " 0.841 <

:1 .2 5 5 6 1 1 20 -0.167

4 4 8 3 .2 4 0 21 .0.333

5 2 .2 4 3 8 ,2 21 +0.175

6 2 7 3 .2 3 4 21 ·0.048
~"'"

7 0 0 1 0 11 9 21 +0.762

8 5 5 2 4 4 0 20 • 0.267

9 6 ... 2 4 1 1 21 .:0.397I

10 o 0 0 0 6 15 21 + 0.905

11 0 4 :2 7 6 ,2 21 +0.238

12 7 6 1 .2 4 1 21 -0.333~
13 0 0 0 4 11 4 19 -1-0.667-
14 0 1 1 4 11 4 21 +0.556

15 3 4 .2 3 6 ,2 20 +0.033

16 0 2 ( 5 7 6 20 +0.550

17 11 i a 0 0 2 20 -0.683

18 4- 4 5 2 ,2 .2 19 -0.228

19 1 0 0 3 9 3 16 +0.563

20 S 5 2 2 :2 1 ?O ~O.450
........_"

21 5 .2 3 2 6 3 21 +0.016

22 4 4 4 3 4 :2 .2 .. 0.111

23 3 2 3 4 6 1 19 +0.053-24 1 5 2 7 3 ,2 ·~o +0.067
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non-traditional view.

Tables 4{i). 4(ii). 4(iii) and 4(iv) which follow present the same information as Table 4, but with the index of

agreement calculated for different categories, namely traditional teaching, views of electromagnetism, general

teaching methods and use of experiments respectively. Table 4(i) shows a negligible lAo These teachers,

tn\vefo:.e, hold a mixed belief about teaching in general and in particular about electromsgnetism, That is, some

teachers reflect a traditionally inclined belief while others reflected a. rather non-traditional belief.

Table 4(i) • Index Of Agreement for ca!agory: traditional teaching
~ ............ ------Responses 1 2 3 4 5 6 N Index of agreement

No. of Responses 14 14 12 8 24 9 81 0.00411

Likewise, Table 4(ii} also show a very small/A. Thus teachers even here ~old a

mixed belief about electromagnetism. There are those with a constructivist view
and others with a ncn-constructlvlst view, It is to be expected, therefore, that in

classrooms, in Lesotho, some teachers use traditional and authoritarian methods

of teaohing where arnphasle is put on students obeying and accepting the facts as
they are told by the teacher, while others use tairly constructlvtst methods.

Tabla 4(ii) .. Index of agreement for catagory: views on elelmomagnatism

1 4 5 6 N3 Index of agreementResponses 2

No. of Responses 23 27 14 26 36 16 142 0.0211~------------~--~-----~---~--~~~--_.--~--~---------~
Tables 4(liil and 4(1v)shows a similar trend as the above two cases. These tables

reflect a mixed feeling about teaching methods and the use of experiments. Thus

some teachers hold constructivist views whlle others hold non-constructivist views

in these categories as well.
Table 4(iii} ~ Index of Agreement for oatagory: general teaching methods

21 4 5 6 NResponses 3 Index of agreement

No. of Responses 23 32 14 21 26 6 122 ·0.153
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Table 4(iv) ~ Index of Agreement for catauorv: use of experiments

No. of Responses 44 30 13 10 26 18 141 -0.210

456 NResponses 1 2 3 Index of agreement

The sample in this part of the study reflects the existence of beliefs amongst the

teaching force in Lesotho. These beliefs are either traditional or non-tradltlonat.

ThE:sample srther reflects contradicting beliefs about effective teaching methods

to be used in teaching electromagnetism. Some teachers tend to believe that

traditional methods, such as lecturing, are the mcst effective, while others tend to
indicate a negative belief about such methods.

4.3 Qualitative data
As noted in chapter 3, the statements were developed to reflect either a

constructlvlst view or a non-constructivist view, Thus, for analysis, the responses

are categorised in terms of whether the respondents agree or disagree with the

statement.

A complete list of all responses to every statement is given in Appendix P. In the

discussion that follows We have omitted

*
responses where there is no useful information given, e.q. 'Not necessarily',

responses that are too vague or badly worded to decide the intentions of the

respondent,

responses that are a repetition of a response given by another teacher.

*

*

4.3.1 Studml'i:s" knowledge

4.3.1.1 Traditional Teaching vs NonwTraditional Teaching

Four statements were used to test the beliefs of teachers about effective teaching.

These statements are:

1. )f there must be n choice between tho understanding of concepts, and

facilitating tim of self discovery, then the teacher should rather

emphasfze C!jiiCl.1ptS.
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15. For students to understand the concept of the magnetic field they must

understand Fleming's rules.

18. One of the things that make the concepts of 'magnetic' and 'electric' fields

so difficult is the absence of formulae to explain them at Ordinary Level

Physics.

21. There is really a need for students to master all the formulae in
electromagnetism because it is difficult to learn Physics without mastering

such formulae.

ResponsGS from teachers who agree with statement 1

T7 ~Emphasing the concepts as a means to try to open the pupils to
discover them themselves actually helps them to better understand
these concepts other than when they are just said out and explained
to them.
TlO ~ This will help students to get better understanding of the
subject and also build interest and confidence in them.

These teachers are agreeing that concepts must be emphasised in order to ensure

better learning. Thus, according to T10t this will give students confidence and

interest In learning science. The belief underlined here is that emphasisi'ng concepts

results in better understanding of those concepts. However, the following teachers

choose to emphasise concepts for the following reasons.

T9 - The concepts should be emphasized even in self-discovery can
only be limited by equipment
rnO ~ There is lack of equipment tor necessary activities and also
discovery learning needs a lot of time.

Both see lack of equipment as a major problem, while T20 also argues against self

discovery because it is so time oonsuming.

The comrru.» thing about all these teachers' responses is that teachlng should

concentmte on emphaslslng concepts rather than Jetting students discover thi'ngs

for themselves. They believe that doing so enhances the learning process and

encourages students to learn. It appears that there might be a whole range of
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reasons that teachers rosy cite in support of this perception.

Responses from teachers who agree with statement 15:

Tll - In connection with electric currerts Fleming's rule are very
helpful as these is no formula for concluding or some thing.
T14 - If the rules are understood the concept will understood.
1'22 ..This is absolutely correct. demonstration with the left and right
hand rules paves way for their understanding,

Thase responses connect two things, namely understanding of rules and concepts,

111 says that the rules are very helpful and there are no formulae for making

conclusions. In other words, T11 believes that after teaching the teacher should

summarise the lesson by giving students some rules for future reference. T14 and

T22 clearly state that 'understandlnq of rules helps to understand concepts'. In
other words, teaching should concentrate on teaching rules whioh in turn will make

the understanding of concepts easier.

Responses from teachers •vho agree with statement '1s:

T6 - Formulae may help to enhance the understanding from
experiments
TIS ~Some simple formulae will be always helpful
T13 .. Students believe that dealing with physics means dealing with
formulae.
TIO ~ Formulae are. really not available but with the help of
experiments examples and applications students Can understand,

Like the above situation a belief is expressed that formulae play an important role

in the understa 1ding of concepts. T6 reflects the importance of formulae in

Phvslcs, that is, making concepts easier to understand, Although T10

acknowledges the absence of formulae he thinks the use of experiments and

examples Can help understanding to some extent.

Responses from teachers who agrea with statement 21:

1'2 .. Formulae display relationship between quantities very easily.
rIO .. Formulae or mathematical calculations throw more light on
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physics problems and hence should be mastered.
"'~21- Equations help to remember the factors involved an.: bow they
are related,
T7 - Formulae are basically summaries of the concepts dealt with in
a topic so understanding them actually makes it easier for one to
understand the topic.

These teachers express the feeling that formulae facilitate understanding of the

relationship between quantities and as T1 0 puts it they 'should be mastered'. T7

agrees with T11 (in statement 15 above) that formulae are I ••• summaries of the

concepts dealt with ... .' The following responses bring another dimension of tb's

belief.

T11 - Formulae and theories work 'hand in' glove.
T!6 .. Physics is all about formulae and using them.

These responses show the Importance of formulae teachers .give in the teachlnq

of Physics. T16 expresses this bellef categorically, that is, 'Physics is all about

formulae and using them.'

Some teachers appear to hold strongly to the above views ( e.9 teachers T11, T10
and 'r21). These are traditional views of science teaching where the whole

process of teaching/learning centres around knowing facts and being abla to

master and use formulae (0 solve problems.

Not all teachers, as Is to expected, agreed with all of these statements,

Responses from teachers who disagree with statement i

T12 - Emphasizing the concepts brings rote learning while self
discovery brings in concrete learning and adventure ill the world of
Physics.
T6 .. Emphasis on concepts may at times lead pupils to memorise.
T 13 - Students believe that the teacher emphasize the most important
concepts.

These teachers raise the fear that emphasising concepts does not foster what.
Ausubel calls 'meanlnqful learning' but rather promotes Irate learning'. T12
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compares the advantage of uSing solf discovery and the disadvantage of
emphaSisingconcepts. By implication both T6 andT13 believe that students tend
to 'fl1pm(\l'h~e'whatever teachers emphasise. The following teachers express the

advantage of self discovery

T5 - Discovery is the best method of making students appreciate
learning science.
T19 - The process of self~discovery promotes original thinking and
makes young scientists.
Til ..When a student is allowed to discover a conee=t by himself the
retention is evalasdng, than when the concept is er. as'zed upon.

The core of these statements is that of making the lee». ,of science interesting

to students and thus encouraging them to find more by themselves. T5 alludes to
making students lappreclate learning of science' while T19 talks of 'promoting
original thinking'. These teachers seem to recognise students ability to learn (In

this case Physics) by themselves.

Responses from teachers who disagree wlth statement 15

T5 ..Flemings rules deal with the motor or generator. Magnetic field
is a property of magnets anytime.
T9 - The magnetic field can be understood very clearly without these
rules at High school level,
T4 - I think they ought to learn about magnetic field before learning
Fleming's rules.
"1'20 ...The rules help to determine the directions in electromagnetic
induction. Direction of current or field say, so it does not interact
with the learning of magnetic field.

These responses show that some teachers believe that the learning of concepts
must coma before the learning and use of rules. They express the feeling that the

concept of lmagnetic field' can be taught with no reference to these rules and
students will still understand,

Responses from teachers who disagree with statement 18

T5 - We don't need formulae to explain concepts. We use formulae
to apply concepts.



l.e. understanding of concepts. must come before the lntrodue \>1 formulae.

1'9 ~ The formulae do not make things clear they only help in
calculations. So the problem is experimenting ..

The feeling expressed by these teachers is that understanding of concepts does not

depend on understanding of formulae. T9 implies that the understanding of

'magnetic' and lelectric' fields is made difficult by the apparent problem in doing

experiments. Similar sentiments are expressed by those disagreeing with

statement 21.

Responses from teachers who disagree with statement 21

1'9 - The students should master the concepts not formulae.
'1'20 - I think understanding the physical phenomena is more
important so that pupils can use the formulae meaningfully,
T13 - Students may master the formulae without knowing what they
are doing or looking for.

These teachers beliave that students must master concepts ratlv .1 an formulae,

T13 warns that it is possible that students know, and can use formulae, without

understanding of the concepts. Thus it may be concluded that these teachers

believe thai; teaching must concentrate an teaching of concepts rather than

emphasising rules and formulae.

The above discussion reflects the existence of two categories of teacher in

Lesotho, namely those that can be said to hold non-tradltlenal beliefs about

teaching and those holding traditional beliefs. The results agre~ with Pomeroy's

(1992) study where both categories were observed amongst both secondary

science teachers and elementary teachers.

4.3.1.2 Teachers' views of electromagnetic concepts

Seven statements were used to test the beliefs of teachers concerning

electromagnetic concepts. These statements are:

9. Electromagnetism is the most difficult subject in Physics, and the most
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difficult to teach.

11. Students understand the difference between the 'electric' and 'magnetic'

fields.

12. It is impossible to demonstrate the factors affecting the magnitude of the

emf induc~d in electromagnetic induction.

13. Students undarsta-d the concept of the magnetic field.

16. Distinguishing between the magnetic properties of iron and of steel is easy

for students.

20. The transformer is the most difficult topic to teach in electromagnetism.

24. Elec+ric motors confuse students.

Statement 9 gives the picture of the general beliefs of teachers. The following

pgree with it

T.3 - Due to lack of equipment and limited syllabus - careful not to
go beyond the expected.
T11 .. Because it depends on the availability of equipments.
1'20 - This is because there is no equipment to perform necessary
experiments to make pupils seeand believe what they are told.

According to these teachers electromagnetism may not be difficult but it is

certainly difficult to teach because of the absence of equipment. Without

practlcals it may be difficult to teach electromagnetism. The following express a

different view point

T6 .. Most teachersnod it abstract
119 ~A students has to think well to understand the concepts.Many
students find it hart to understand the laws of c. m, induction.

These teachers find this topic abstract. Thus their teaching may be effected by

this belief. T19, by Implication, seem to think that students need to put in extra

effort to understand this topic.

Responses from teachers who disagree with statement 9

1'2 ~Nuclear physics is more difficult.



T15 - There are more difficult topics viz radioactivity. electronics,
etc.
T4 - I think its easy because it can be shown with simple materials,
e.g, a torch cell, a wire and a small compass.
T5 - It is infact facinatlng to students.
'r16 .. \Vith adequate equipment, electromagnetism can be fun and is
not necessarily the most difficult to teach.
T13 - Because a lot of experiments which can be easily done enable
the teacher to pass concepts to them.
TI0 - Tilt} topic seems abstract to students at first but students tend
to love it and consider it the easiest in the end.
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Teachers such as T2 and T15 feet that there are other topics in Physics that are

more difficult compared to electromagnetism. Others feel that this topic is made
easy by availability of equipment to do experiments (T4, T13). T10 feels that
students tend to enjoy this topic. Regardlessof the various reasons teachers may

give they seem to all agree that this topic ls easy to teach and for students to

understand underlying concepts.

The beliefs of teachers are thus divided an this general issue. The remaining

statements refer to specific concepts In electromagnetism.

Respor\sas from teachers who agree with statement '11

1"20 ~ The terms themselves are self-explanatory and if explained
well students should not have problems in understanding the two.
Electric implies charges in contrast with magnetic.
'I'21 - The causes (source) quite different except the pattens may look
alike.
TI0 - Experimentally the effects of these fields are understood by
students. Students know their existence and how differently they
function.

Teachers feel that students are aware of the 'origin' and 'existence' of both
'magnetic' and 'electric' fields. T10 feels that students know the difference
between these fields In terms of their effect, T20, however, suggests that ' ... if

explained well students should not have problem.... ' Thus he feels that students

will not have any problem in differentiating between both fields if taught well.



T5 ...It is difficult to get magnets of different strengths. Also to move
the coil at different speeds in the field and detect the current.
T13 ~Because factors affecting the magnitude cannot be seen or be
demonstrated.

\.

Responses from teachers who agree with statement 12

These teachers in principle accept that it is difficult to do demonstrations showing

factors affecting the magnitude of the a.m.t.Induced. T13 claims that this is due

to the abstract nature of these factors. T5 connects the problem to the absence

of teaching aids or equipment for p~rforming practlcals, and T4 and T3 concur:

1'3 .. Lack of needed equipment
1'4 ...All it requires is the right apparatus and correct method(s).

Availability of equipment to perform both demonstrations and experiments appear

to be determining factors for these teachers, It is noted, however, that T4 also

makes reference to Icorrect teaching rnethodlsl' which could be used.
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Responses from teachers who agree with statement 13

T9 - This one can be understood as the effects of its presence are
clear.
TI0 ~ Students appreciatethe existence of magnetic field and how it
functions.
T1S - Concepts of the magnetic field is the basic idea which needs to
explain e.m, induction. Besides that it is a wry simple concept in
magnetism.
T17 m They have done this experiment at lower levels,
no - This is becausemagnetic field can he defined with words
clearly.

reachers believe that this concept is understood for varlous reasons. Some

teachers (T9 and T10) think that students know 01 the effects of the magnetic

field and are aware of its existence, while T20 feoh~that they should understand

because it can be 'defined with words'. Tt 8 considers this to be a 'very simple

concept' while T17 alludes to the fact they arc mqHH:ted to have met this concept

in the lower classes. Other teachers. however, bol!t;\'c: tilat oxperhnents play an

important part in students' tmderstanding of rna~lnotic Held!).
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T4 .. It can easily be shown using a permanent magnet and iron
filings.
TIl ..Students seemed to understand by aid of experiment and their
informal knowledge of action of magnets.

According to these teachers students should be allowed to do experiments on

magnetic fields. T4 suggests that students understand this concept if allowed to

do experiments using permanent magnets and iron filings and thus observing the

patterns formed. T11 acknowledges the influence of 'informal knowledge'.

Responses from teachers who agree with statement 16

T14- Since students will be knowing the difference between iron and
steel.
T22 - At senior levels it is not a problem because the percentage of
carbon in both iron and steel gives them easy access to their
differences in properties.
1'20 .. This is under the condition that there i~ lise of a Simple
activity to reinforce the understanding.

Teachers (T14 and T22) are of the view that students know that both steel and

iron are of different chemical structure. Then because this understanding students

are able to distinguish their magnetic properties. T20, however, thinks that this

understanding is enhanced by use of a simple activity.

Responses from teachers who agree with statement 20

T7 • It is not easy for the pupils to understand the stepping up and
down of the transformer and this makes it not that easy to teach.
T9 - It is difficult because this emf on the secondary coil is induced
and it is hard to understand.
T16 - Sometimes students find it difficult to understandespecially
because we never do practicals on transformers.

Teachers feel that students do not understand this topic because of the lack of

equipment and the abstract nature of the toplc. T9, and hence T7 by implication,

seem to suggest that the main problems lie in the understandlnq of the concept of

induction. Thus teaching this topic becomes problematic. Y13 raises a different

reason for the same view:
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T13 ~ Students takes time to understand t~e difference between d.c,
and a.c, so this makes transformers difficult.

.\

Teaching problems revert back to difficulties with pre-requisite knowledge about

d.c, and a.e.

Responses from teachers who disagree with statement 24

TiS" They enjoy the expts on electric motors.
T17 ~ This can be shown to students or demonstrate.
1'22 - With thorough basic background 011 A.C. and D.C. 's motors
the student is st safely to watch whatever is required in electric
motors

Performing experiments and/or demonstrations appear to be an important factor to

these teachers. T15 feels that students enjoy doing experiments on electric

mo-ors while T17 feels that demonstratlons can be used to explain the concept.

Therefore this must be an easy concept which is well understood by students. But

T22 stresses that students need to understand a.c and d.c. befcrehsnd,

The general picture in this section is that teachers feel that these concepts of

electrornaanetls.n are, 'to some extant, easy and as a result students understand

them well. Understancabtv their teaching should he influenced, to some degree,

by this understanding. However there are some teachers who maintain that these

concepts may not be that easy to students,

Responses from teachers who disagree with statement 11

T6 - Mostly they confuse the two
T22· it indeed poses a strong confussion when these two fields are
introduced but with time and through explanations as well as
emphasis on direction of flows. This is over('?)
T7 - They slightly confuse the two and it does take them time to
make a difference.
T19 - Most students understand mag. flekl. But tney cannot
understand electric fields.
?-whllt tblt(lwl)d was no Icngct legible
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These tf' achers acknowledge that the difference between the two field concepts



1'9 ...This are not vissible so they are not very clearly demonstrable
'I'll - Students tended to confuse the concepts. In fact they
interchange them without reasons in mest cases.
T13 - Because the properties of electric field enable the students to
realise that electriC' field is due to current.

is not clear to most students. T19 feels that students only understand the

magnetic field but not the electric field. The following teachers express views that

might have implications for their teaching:

T9 refers to concepts as not being visible and hence not demonstrable. The

problem which T9 faces is that many concepts in Physics are not visible but

nethertheless they ere to be taught. T11 uses the phrase I ... they interchange them

without reasons in most cases', T11 cannot see why students do not understand

these two concepts that ore clearly different and uruterstendebte, Clearly he foils

to see the problems. affecting the learning of students. T'I 1 c;ays ~....electric field

is due to current,' All these teachers reflect some degree .., non-constructivist

teaching.

Responses from teachers who disagree with statement 12

T7 .. It is easy to arrange such an experiment especially at High
school level.
T18 .. It is not impossible .. for e.g, increase the no. of turns of coil,
use a powerful magnet, insert the magnet with more quickly win help
to show the above idea.
'1'20 .. With well designed activities and suitable apparatus effective
demonstrations could be done.

These teachers do not believe that It is impossible to demonstrate these factors

experimentally.

Responses from teachers who disagree with statement 13

T6 .. Some find it as something in heaven.
T14 p Not all will understand it at a go but they needbasics.

Clearly these teachers feal that not every student understands the concept of the
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Til ~Some students tend to confuse them.
1.'16 - Sometimes it is not so easy for them to understand.
TiS ~ It is not quite easy ~Most ofthe students think that there is no
difference between iron and steel.

magnetic field. However, '·14 suggests that to understand, students need to be

given 'basics'.

Responses from teachers who disagree with statement 16,

According to these teachers students tend to think that steel and iron are the same

materials. Thus because of this confusion they confuse their magnetic properties.

Responses from teachers who disagree with statement 20

1.'11 ... Most of my students showed enough understanding in
transformers.
1.'12 - It is easy because there are many physical situations the
transformers are used.
1.'14 - If'electromagnetism is understood there is no way students can
fail to understand transformers.
1"19 - The most difficult topics are A.C. and D.C. If a student has
understood A.C. he can easily understand transformer.
T20 - As interesting as it is, the topic is not difficult especis.'v if it
is taught to pupils with a good background in electromag, etic
induction.
TIO - It is rather the easiest topic. Students easily understand the
concepts and the calculations involved.

Teachers feel that transformers are easy for students to understand. However,

pre-requlslte knowledge must be understood. According to them (e.g. T14, T19

and T20) understanding these prior concepts paves the way for understanding of

transformers. T10 sees transformers as the 'easiest topic'. By implication these

teachers see transformers as easy to teach.

Responses from teachers who agree with statement 24

12 • More especially if they cannot distinguish concepts of a.c.
generator well.
T12 - There is a tendency for studentsto a.c generatorsas if they are
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also motors.
'l'5 " Especially if they have not understood electromagnetic
induction. 1'hey confuse the two fleming rules,
T14 M Some may be confused if they did nOI understand electricity
and its concepts.
Tll - Too many underlying concepts, lack of teaching equipment,
1'20 - This is in a case where there are 110 apparatus to help students
see what is really happening.

Some teachers, e.g. T2 and T12, feel that students tend to confuse electric motors

with generators while others, such as T5 and T'14, feel that the problem lies with

prior knowledge. There are other teachers who feel that one at the COf'1triputing

factors is the lack of equipment (e.g. T9t T11 and T20).

The above discussion reflects a polarisation of hellets of teachers about students'

knowledge. Sor 13· believe that students eas.lv understand electromagnetic

concepts, so that thsre are few teaching difficulties. They believe that teaching

always results in desired outcomes. However other teachers believe that

electromagnetic concepts are not ea.-:lilyunderstood by students.

4.3.2 Teaching Methods
4.3.2.1 General methods

Six statements were used to Investigate teachers' beliefs about effective teaching

methods in Phvslcs, particularly in electromagnetism. These statements ore:

3. A big weakness of discovery activities in electro. "ugnet!sm is the difficulty

in getting the children to come up with the right answers.

4. Because of the amount of specific information to be taught in

electromagnetism, at least 50% of the course should be given using the

lecture method.

7. When teaching electromagnetism the teacher must first find out what ideas

students already have.

8. Students do not know any thing about electrornaqnetisrn, so the teacher

needs to tell them all the basic facts.

14. Electromagnetic induction can best be understood by students if teachers
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use demonstrations in their lessons,

23. 8ecause it may not be possible to do experiments with transformers, the

equation Vp/V. == NplNa should just be given to studentstwhere Np is the

number of turns on primary coil, N. the number of turns on secondary coil,
Vp is the voltage(pd} across the primary coil, Vll is the voltage across the

secondary coil).

Statement 7 was used specifically to test tho beliefs of teachers about the

fundamental tenet of constructivism which has direct impact on the choice of

teaching methods. Almost every teacher, who responded, ("greed with statement

7, thus accepting that in teaching electromagnetism students' ideas must first be
identified. Responses are as follows

~
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T14 .. Sitr/e they will be taught of the known to the unknown
T7 w This makes it easier to the teacher to best present the topic to
the students in such a way that will help them ll) best understand it
(when the teacher already knows their minds)
TIO - This will draw the attention of the students to the lesson. The
teacher will also know where exactly to SHut trom.
T18 * This helps the teacher to formulate the method for introducing
the concept effectively.
1'20 .. This help a teacher to know the level of tilt;' pupil and if they
have the required prerequisite knowledge. The teacher can introduce
the concept from the right place.
T11 .. Electromagnetism is the topic which builds up on some other
concept. Therefore it is very important to know the prerequisite
knowledge of the pupils.
T9 ~ It is of utmost importance to find how much students already
know to avoid boring them.

According to these teachers, teaching has to start from tile already existing

knowledge of students. This helps students to then move from the known to the

unknown. Teachers also feel that this will help them to choose appropriate

teaching methods (T18). The following responses further show the advantages of

knowing students' knowledge before the introduction of a new topic.

T4 ...This will give the teacher all insight us to which areas will
require strong emphasis during his teaching
T16 .. This will enable him to structure the work in such a way that...
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their misconceptions can be rectified.
T19 - This helps the students to memorise the idea which they may
have forgotten. It also encourages creative thinking.

It is suggested that knowing students' ideas helps the teacher to address those

ideas that need particular attention, either because they are completely wrong or

partially wrong (T4and T16). T19 raises two iSSLH~S which reern contradictory,

l.e. encouraging ~memorizationf and 'creative thiuklnq",

Statements 3, 4, 8, 14 and 23 were used to test teachers beliefs about the

teaching of electromagnetic concepts.

T7 .. If the concepts have not been properly emphasized to them, then
they will of course have difficulty in getting the right answers.
T12 .. This because the field causing the effect cannot be seen and
also the electron concept is difficult for students ttl stick to.
TS ~ And also getting the apparatus which work
T13 .. Most of the time th,,;.)'don't trust themselves so it's not easy
for them to come up with the right answer.

Responses from teachers who agree with statement 3

T7 feels that if conoepts are not understood bV students, then they are less likely

to come up with correct answers if allowed to do sell' discovery aotivitles. Th,~s
\\

discovery activities should be supported by some form of prior knowledge. Som~

teachers (e.g. T12 and T5) feel that the problem lies with the fact that the

concepts in electromagnetlsrn are mostly abstract and the absence of apparatus

makes it diffioult for students to find correct answers on their own. T15 had this

to say:

TiS • In such cases the students will be told to repeat the
experiments,

Obviously T15 would like to maintain that students should always come up with

right answers or, if not, they should repeat the whole experiment.

Respnnsea from teachers who agree with statement 14
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T'i - Pupils can better understand the concepts if they are
demonstrated to them when possible.
t14 - Demonstrations in Physics put forth the best understanding of
topic not only electromagnetic.
T20 .. This is because demonstration is the best teaching method
which gives pupils a chance to observe hence improve their
understanding.
T12 - This because there are facts which cannot be just
comprehended bi students by belief but by seeing.
T13 - Demonstrations enable the students to figure out what is going
on so teaching becomes easy.
T21 ~ Precise to the point and no waisting of a lot time

T2 - Applicable in the case where apparatus are few, but students
should do experiments.
T4 .. In situations where materials are hard to find, demonstrations
can be used. But I believe guided experiments are the best.
'1"'9 ~ In addition to this the students should do some experiments on
their own.

Teachers ,_, and T14 think that demonstrations in science teaching simplify the

concepts thus making it easier for students to understand them better. T20
considers demonstrations as the best teaching method. The following, even

though they are agreeing with this statement, have a differing view:

These teachers feel that demonstration is the best method if there is no equipment.
However if equipment is available then the best approach will be to let students do
experiments.

Responses from teachers who agree with statement 4

T2 ...In the case of lack of apparatus and explanation should be done
to reinforce concepts.
T18 ...Theoretical knowledge is essential to perform the experiments
acurately.
T19 - In electromagnetism it is difficult ami also time consuming for
a student to discover ideas by himself.

Three reasons are advanced for using the lecture method - the need for a strong

theoretical framework, the time wasted in discovery activities, and the lack of

apparatus.
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Responses from teachers who agree It'-.,·lth statement 8

T22 - This is indeed acceptable. By given them the basic facts they
are equipped to research and enrich their knowledge further.
T7 - Telling then the basic facts actually helps in building a strong
foundation of electromagnetism which will he!p them to best
understand follow the following presentation of the topic
T14 .. The concepts should be understood so that facilitating can be
easy
T13 .. Students become aware of the things concerning
electromagnetism if they are told of the basic concepts.

Telling facts has advantages according to these teachers. It helps to form a strong

foundation upon which future learning can be based ( l',: and T22), a also makes

students realize some of the things they were not aware of (T13). Thus these

teachers feel that students must be told baste facts about electromagnetism to

facilitate their learning.

Responses from teachers who agree with statement 23

T5 -They have almost always understood it especially when they are
comfortable with radios from maths lessons.

This particular teacher does not see any problem with giving students equations

as long as they have had necessary skills, from mathematics for example, to be

able to handle such equations, Thus, to him what might be important is the ability

to solve problems. There are other teachers who feel that there must be an

explanation going along with the giving of equations.

T7 ~ Through explanation has to proceed lhe giving of the equation
so that they should understand all what they means.
T13 .. At least an understanding is required for the student to accept
the equation.
TI8 - Without the basic ideas about the transformers will give the
students confusion.

There are also those who feel that it is correct to give students equations because

equipment is limited and difficult to get.

T6 .. If transformers are not available



Responses from teachers who disagree with statement 3

T19 - Transformers are expensive and abo they get damaged very
often.

Some feel that transformers are difficult to understand, but with a weHprepared

lecture method students will understand the equations.

T17 - Because it is a difficult topic in physics
T20 - With a well prepared lecture method the concept can be
learned very well.

The following teacher feels that students at this Jevel should have enough skills to
perform necessary calculations even without doing any experiments. That is,

equations can be given to students since they will understand the theory without

any problem.

TIO - Physics students should be able to do such calculations and
they should know the formula even if they don't go through the
experiment.

AgreeIng with these statements reflects a traditional way of looking at students,

although these teachers gave a feeling that they are aware of students' Ideas.
They seem to suggest that traditional methods of teaching, such as lecturing, can

brJused to teach effectively In science. Not all teachers however agreed with
these statements.

"£3- Though I have not done the expts with my students due to lack
of equipment I don't consider the above mentioned as a weakness.
T4 .. If the teacher makes sure before hand that the magnets are in
good condition, then it is often not difficult for the students to come
up with the right answer.
T9 - If they have bad enough experimentation they certainly can
come up with correct answers.
T10 - With close supervision from the teacher, students can be able
to overcome such difficulties.
TIl - In discovery activities students tend to pay much attention to
important points.

Teachers believe that in discovery activities students am able to comeup.with right

answers. However T10 feels that in order to do so students need some
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T16 ...It is not always the case and even ir children fail to come up
with right answers, the teacher will have the task of showing them
why they wrong.

I

supervision from teachers. T4 feels that prior preparation from the side of the

teacher benefits students. T11 feels that the advantage of discovery methods is

to make students concentrate particularly on important points. T16 has a different

opinion:

He expresses the responslbtlltv of the teacher in the event that students are not

able to come up with the correct answer. That is, the teacher should explain to

students where they went wrong and probably convince them why that is wrong.

T20 feels that it is not the aim of discovery activities to come up with the right

answer:

T20 - Children do not necessarily need to come with right answers
but they need to be given a strong idea through well designed
activities.

T20 seems to suggest that discovery activities should not be directed towards

getting correct answers as such, but rather towards giving students an

appreciation of scientific methods.

Responses from teachers who disagree with statement 14

TlO ~ Some of the concepts are not easy to explain to the
understanding of the students through mere demonstrations without
experiments.
Tll - Some students may not understand the underlying concepts
because demonstrations are done in too big groups.

Demonstrations, as a teaching mothcd, are thought not to be convenient for two

reasons: electromagnetic concepts are dlfflcult to be understood by mere

demonstrations, and secondly demonstrations <Ireoften done to groups that are

too big. T10 seems to be more comfortable with the use of experiments as the

best teaching method.
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1:'7 - It is not good rushing to finish whatever has to be offered to
these pupils before their final exantmations. The lecturing method is
a disadvantage since they are battling with the language with
understanding the material itself.
1'10 - Teachers normally use the method of exposition in this branch
of Physics because of lack of sufficient teaching aids.
1'9 - This could only depend on individual teacher not that there is a
lot of material to be taught.

Responses from teachers who disagree with statement 4

The feeling these teachers express is that the lecture method will not help

students. T7 feels that the issue of medium of instruction remains a problem to

most students and thus affects their speedy understanding of concepts. The lack

of equipment is cited as a factor that compels other teachers to use 'exposition

methods'. T9, however, thinks that this Is an issue which is at the discretion of

teachers. The following teachers have a different view: 1
T4 - 1believe in making students perform experiments to discover
for themselves how ordinary magnetic materials are made into
magnets by passing electricity through them and also see that they
behave like permanent magnets.
T11 • Experience have proved that students are confused in learning
electromagnetism. Practicals and experiments can usually bring more
understanding in Physics.
T5 • This topic requires J7 'I.cticalsand eVI.;1l lise of models to show,
say, that field lines are not on a single plane,
T14 - Bleotromagnetism is a practical topic hence 50% lecture
method wi1.l. be a waste of time since student will not make sense of
the taught.
T16 - This i~a purely practical topic and whenever possible L. ~turing
should be kept minimum.
T20 - I think practical methods should be employed whenever
possible. The only reason for not doing exp is lack of equipment.

The teachers' explanations emphasise the belief of teachers towards practical

work. They think that electromagnetism is a dlfficult and abstract topic which

must be simplified as much as possible (T4 am! T11). Because of this abstract

nature of electromagnetism, T14 finds using the lecture method to teach 50% of

the syllabus as a waste of time, presumablv because students will not be

foilowing. Thus where possible teachers shoulo lIS{;: practlcals more often •

..
63



T4 .. I discovered that students had seen ....lectromagnensm in their
everyday lives but did not know that it \Vii'i elecrrcmagnetism
TIO - Students know something about till: subject but they may not
be aware of that fact. Few examples and applications will Ilelp.
T5 w At C()SC, students already lmve some idea about
electromagnetism
T17 - Because :they have done this topic ,II lower level.
1"9 ~ This depends on the backround of the students not that they do
not know
TIS - They know. What is needed is an introduction for recollection,
T16 - Students need not ~e told everything as they may find
somethings for themselvesif given a chance.

Resp(')n;ses from teachers who disagree with statement 8,

Teachers realize that students already know something about electromagnetism

before any lesson. Such knowledge might have been obtained from their previous

lessons or evervdav observations. T4 and T10 :tlel that students know something

but may not be aware of it. Therefore the role of teaching should be that of

making them aware of this knowledge and reshaping it.

Responses from teachers who disagree with sta tement 23

T':) - Just giving the equation will lend to memorizing not
understanding so experimenting is sntl 011.'best method.
Til - It is possible to do experiments using coil of different turns.
That is studentsshould not necessarilybe only given formulae.
T12 - There are already build transformers of various turn ratio and
even simple ones can be madeto simplify the formula
T21 - Experimental set-ups even help to make studentsappreciate
efficiency of it.

These teachers believe it is possible for s:udents to do experiments on

transformers. 112 feels that transformers are available for practlcals at this level.

T9 warns that givirlg equations runs the danger of students not really knowing the

concepts but rather memorising them.

These teachers, therefore, are divided on their bellafs about effective teaching

methods. Some are clearly non-constructivist, 'Nhile others reflect some degree
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of constractlvlsm. It is however difficult to clearly separate these categories. The

section that follows looks at the beliefs of these teachers about the use of

experiments in Physics classrooms.

4.3.2.2 Use of experiments

Seven statements were used to test the belie fs of teachers about the use of

experiments in teaching electromagnetism. T!lese statements are particularly

testing teachers' beliefs on the importance of experiments in their teaching. The

statements are:

2. Because students do not llke experiments on the design and use of

permanent magnets and electromagnets I simply do not let them do such

experiments.

5. A big problem in teaching electromagnetism today in that it is so expensive

to do meaningful laboratory experlrnents at all levels.

6. In performing experiments {r\ electromagnetism, the best learning is likely to

take place if students are able to work alone.

10. Experiments help students to better understand electromagnetic concepts

such as 'magnetic field' and 'magnetic induction'.

17. Having fun or structured plrlV with magnets in Physics lessons is a waste of

'lime.

19. My students enjoy doing practicals on a. c. generators.

22. It is not advisable to allow students to do practlcals on transformers because

transformers are very dangerous to work with.

All teachers who responded to statement 2 disagreed with it. Some of those

teachers felt that experiments make the learninq c f concepts easier:

T2 ~ Students learn better when doing experiments
T14 - Students learn best by doing rather than by being told
T3 ., Because it is through experiments that students learn more
effectively and the way the teacher introduces It.
T7 - Experiments are on their aim. till' best was of making the
students understand theory and the concepts involved.
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no ..Experiments generally form part of learning which interest
pupil most and reinforce their understanding of concepts.
T12 - To get the concept of another metal attracting another is
difficult to explainwithout a physical example.

The above responses express the view that the best way students can learn

Physics is by doing experiments. The view that experiments simplifies abstract

concepts has been implied (T12). There is another category of teachers who feel

that students enjoy doing experiments and that is the best way they learn, that is,

by doing:

T4 - They actually enjoy doing experiments.
T9 - The students like experiments a lot it could only be that they
sometimes do not have enough time or equipment.
TIl - In general students seem to have great interest in experiments.
T17 - Because students like playing with magnets and like to do
experiments.

There is another group of teachers who feel that it is the responsibility ot the

teacher to make sure that students enjoy doinn experiments, by trying to make

them as enjoyable as possible:

'"t"'lO - The teacher should try whatever means possible within his
capacity to let students know and accept the importance of these
expts,
T16 ~ This will not help them understand the concept, so if they do
not like the experiments a teacher has to try and make them more
interesting.
TI8 - Experiments must be perrormed by the students with the
assistance of the teachers. It helps the students to catch up the
concept easily.

Responses from teachers who disagree with statement 5

T4 - Improvised laboratory material can help solve this problem
1'22 - Improvisation supersedes the cost involved, if any at all,
Magnets and magnetic materials are readily available hence as well
as electricity low cost is involved.
T13 - At least demonstrations can ell) a lot 10 students, so using
available materials experiments can ue done.
T19 - Apparatus for expts on electromagnetism can be got at low
prices.
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The feeling expressed by some teachers (T4 and T22) is that it is possible to

perform some basic experiments by using inexpensive locally available materials.

This requires teachers to put in some minimal effort. T13. however, seems to feel

that in the absence of such cheaply available material, teachers can still resort to

demonstrations.

Responses from teachers who agree with statement 6

T2 ~ But teacherhas to be around to clar: ry where problems arise
T16 - Studentsshouldwork underclose supervision of the teacheras
they may sometimestry dangerousthings.

Although these teachers agree that students working alone in practlcals are likely

to reflect the best learning, they also feel that the help of the teacher from time to

time Is necessary. 116, however, seems to be sceptical that if students are left

alone they might try 'dangerous' things, 50 they must be closely supervlsed by the

teacher. Other teachers express other advantages of letting students work alone.

T9 - This is so becausestudentsshould he able to discussesthings on
their own.
T13 ~Becausethey are able to discover someconcepts which enable
them to understandwhat they are doing.
T14 - Since they will see most of the things by themselvesand they
will come up with questionsto the teacher.
1'7 ~ I agree with this becauseif they HI't: able to work on their own
those they all the opportunity to adventure into things they might
have not had the chanceto realise under my direct control.
1'10 ~The student will get full kJlowledgl~and understandingof the
experiment from his own observationsand conclusions.

The responses above express the view that whon students are working alone they

are able to discuss and understand concepts because they can directly observe

things that should challenge their understanding of the concepts. T7 implies that

the presence of the teacher can, at times, have (l negative influence on students'

ability to perform experiments and make observations.
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I
T6 .. They learn from what they see.
T9 - They can never be understood if they have neverbeenseen.
TIS - Only through experiments they can nod it themselves.
T22 - Yes indeed. What the eyes see is retained in the brain for a
longer time than what is heard with the cars.

Responses from teachers who agree with statement 10

The teachers feel that students hardly understand unless they see things. T9Ps

argument is even stronger; i.e. if concepts I, •• can never be seen.' they "... can

neverbeunderetood'. Thus, according to T9, unless students perform experiments
they may not be expected to understand the concepts. The following had other

reasons:

T7 - EVen though we don't perform experiments at this school
because of inadr.quate facilities, experiments do help students
understand concepts.
TIO - Experimentsmake studentsget those' physical conceptswhich
seem so abstractand imaginitive,
T1l - This are rather abstract concepts which without aid of
experiment its very difficult for students grasp the concepts.
TI3 - Becausestudents start to compute the magnetic field of the
permanentmagnetsand electromagneticfield.
T17 - What the students have done is not easy to forget.
1'20 - These are conceptsthat pupils cannot imagine or seearound
hencewhy :lH experiment can reinforce the understanding.I·

I As with the other statements above, the view is once more expressed that

experiments simplify the abstract nature of electromagnetic concepts and hence
make the understanding of such concepts easier, "r16 sees the importance of
experiments from a completely different ground; that of culture. However, it is not
clear whether he feels that electromagnetic concepts cannot be explained by the
African {Basotho} culture, or that students from these cultures will not have any

idea about these concepts because they do not exist in their culture:

T16 - These concepts do not exist in our culture so without
experiments studentsmay not understandnor belief.

Responses from teachers who disagree with statement 17
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TIS ~ It is not a waste of time provided that if you have enough time
to spend.
T19 .. It is not a waste of time. It creates a deep liking for subjects.
T6 .. Playing does help students to learn.
T4 .. Students learn more this way
TIl - This is the most important part of learning as what one does
is not easy to forget.
1'9 - In most cases students understand things better if they have had
time to play with such ideas.
T13 " Students know what they have done than what they arc told of.
T10 - Constructive fun or structured play will help make students
understand the lessons.
TI2 - When you organise a structured play or fun students easily
adapts anr' understands faster as well as retain all they have learnt in
the process.
TIS - It will create more interest in them if we have some fun to.
TI6 - This will promote the students interest while they are also
learning.

I

• Teachers feel that playing with magnets is helpful to students, and is not

necessarily a waste of time. However T18 says this is only the case if the teacher

has 'enough time to spend', Others, T6, T11 and T22, feel that such play helps

students to retain what is learned longer. T15 and T16 think that this also helps

to increase the interest of students. Thus, these teachers believe that structured

plays are important to the teaching/learning process.

Responses from teachers who agree with statement 19

1'10 - They are excited to know that such simple experiment can lead
to the production of electricity.
T13 M Because they are supprised of how a.c, can be used to do a
certain job.
T6 - They find them as attractive machines.
T12 ...This because they are kept on the alert by the way the e.m.f,
causes the pointer of galvanometer to deflect,
T9 .. Students enjoy doing experiments on everything provided there
is enough equipment.
TI2 - They do not always enjoy it but about 70% of the students
have intentions to further in science enjoy it especially tile club
members
T14 ...Since they practice that has been lectured.

Teacher T1 0, and T13 by implication, feel that students are interested by seeing
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T4 - 1 have had to do demonstrations in this topic due to lack of
apparatus.
T5 M I think they would enjoy that if they had the chance ~We did
not have strong magnetsand sensitive galvanometer.

electricity being produced by such simple experiments. T22 feels that students are

influenced by their intentions for future studies. Generally these teachers feel that
students enjoy practlcals, However T14 seems to believe that students must do

practlcals in order to verify what they have already learned.

Some teachers believe that experiments interest students but they (teachers) do

not conduct such experiments because of lack of equipment:

Responses from teachers who disagree with statement 22

T4 - Lab transformers are not dangerous to work with
T6 ~They are not dangerous students should first be shown how it
works.
T18 ~Simple transformers are not dangerous, even the.students can
design of.
T3 - Because teachers wide knowledge of dangerscan provide a saf,
surrounding.
TIO - With the close supervision of the teacher students can safely
perform such practicals,
TIS ...Not very dangerous as we can help them and be with them.

Teachers believe that students can do experiments on transformers, l.e.

transformers are not dangerous (T4, T6 and T18), Others {T3, T1 0 and T15} feel

that with the help of the teacher and strict supervision students should be able to

do such experiments. T3 believes that teachers do have a wide knowledge of

possible dangers.

The above discussion once more underllnes the importance some teachers give to

experiments in their teaching. That is, these teachers b<:tif ,8 that the best

te(l.Jhing method In Physics education is the use of experiments. The following

discussion reflects a completely different view. Some teachers do not show such

emthusiasm for letting students do experiments.
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T7 - I agree with this because these equipments/apparatus ~t really
expensive
TIO • Experiments on electromagnetism are so expensive that schools
can't afford. Authorities should try to provide the necessary
equipments or apparatus for such experiments.
TIl· There is a lack of apparatus particularly at case level out Ie
level the apparatus is not that expensive.
T14 - The apparatus use are not available in most schools hence
expensive
Tl1 - Because many schools have no Iaboratory and no equipment.

Responses from teachers who agree with statement 5

These teachers admit that equipment is expensive and that schools cannot afford

electromagnetism equipment. Therefore such experiments are not done at their

schools. T10 makes a plea to (authorities' to help schools with necessary

equipment.

Responses from teachers who disagree with statement 6

T4 - Working in groups helps students in that it enables them to
discuss their observatlons and share the often dlfflcult task of
drawing com ..h isions from observations.
'1'20 " Learni"',~ in most cases take place effectively in group work
discussions.
T19 .. Most studentsare more active when they do groupwork, A
student does not like to stay in lab alone.
T3 - Because at secondary level their knowledge is too very little
regarding the topic

Acoording to these teachers learning is effective if students work in groups, l.e. it

helps thorn to share ideas. 13, however, feels that students should not work alone

because at this level their knowledge is ' ... very little regarding the topic.'

Responses from teachers who agree with statement '19
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TIS" It is a difficult expt to perform at ordinary level.
T17 ~ Some are afraid of electricity being choked.

T15 feels that a.c, generators are difficult for students. while T17 fears the

dangers of doing practicals at this level.



I
W The above results refl~l,

teaching methods are hW""i"

'It issues. Firstly, different views about

.achers can be divided into categories

Responses 'from teachers who agree with s atsment 22

1'2 - It is better be handled by the teacher for fear of high voltages
that may result.
T7 - If transformers are mishandled during the experiments they can
harm the students because of their effect on the voltage of the
current
T14 - Since students like to touch hence they may injure themselves
if not cause death.
Tl1,. Afraid of being choked. They can just be shown and explained
to them. Voltage is very high
111 d Demonstration should be preferred here.

These teachers are agreu"3bie that some experiments can be dangerous. T11, and

T17 by implication, suggest, I:,S an ulternative method, that the teacher should

rather do demonstratlonr

depending on their beliefs ~'Qout ':tte~ " teaching methods. We agree with

Hasnweh (1996) who cataaorlse teeclnl,' as learning constructivists, learning

empiricists, knowledge constructivists ane knowledg."1empiricists. We also agree

that the categories cannot easily be separated: indeed they are nat mutually

exclusive. Secondly, different taachlnq methods • such as lecture,

experimentation, discovery .. have been reflected, but the use of experiments has

proved to dominate the choice of these teachers.

4.4 Conclusion
This chapter reveals the following:

n Physics teachers In Lesotho reflect both non-constructivist as well as

constructivist beliefs about Phvsics teaching and Physics itself.

Traditionalists belief that Physics is strictly bound by rules and facts that

must be known by the student. Some teachers showi"lg traditional views

betleva that for students to understand they must know rules and formulae

because of their importance to the understanding of concepts. These

teachers believe that Physics is a body of known facts that must be

I
I
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accepted by their students. Teach&rs are seen as havirrq this knowledge,

and their fundamental rote is to tell it to their student}", who in turn must

accept it •.

ii) The study reflects that some teachers are aware, to some extent, of the

possible ideas of students, while others may nat be aware. Those teachers

who seem not to be aware of students' alternative conceptions tend to think

that students relatively easily understand concepts. Therefore there is reatly

no reason why students cannot understand such Ieasy' concepts.

dI) The study also refleots teachers' beliefs about effective teaching methods.

There are some teachers whO;JS()irn to believe in tradltionelrnathods, such

as lecturing, because, amonb,-_r~)ther things, the subject 'is difficult and

students must be given more basic knowledge. Others seem to belleve that

there is no other way except to ~jseexperiments. Likewise they also reflect

a belief that electromagnetic concepts are abstract and the only way to

understand them is by use of experiments.

73



CHAPTER 5

TEACHERS' AWARENESS OF ALTERNATIVE CONCEPTIONS

5.1 Introduction
In this chapter an analysis of data obtained from the second and third
questionnaires is made. Ten teachers, with a total of 235 students, agreed to
participate in this part of the study.

The chapter discusses teachers' predictions of their students' responses. This
analysis assumes that if teachers are unable to predict responses of.most of their
students, or predict incorrectly themselves, then ~hey cannot be aware of the

possible responses of their students. This then meansthat they are not aware of

students' ideas, and hence of possible alternative conceptions held by students.

This further means that such teachers are unlikely to be using constructivist
strategies since they fail to appreciate the fundamental tenet of the constructivist
theory, l.e. each learner comes to classroom with already existing ideas about a
specific phenomenon.

The analysis in this chapter is done by looking at both the quantitative and

qualitative data independently of each other.

5.2 Quantitative data
The tables to be discussed in the following pages summarise both the teachers'
and students' responseson the second and third questionnaires respectively. The

tables show the percentage of agreement between each teacher and his/her

students for each of the five questions. Eachquestion is analysed by two tables

(e.g. Question 1 by Tables 5.1 (i) and 5.1 (iil). The first table shows the following:

a) responses of the teacher, l.s. the response that he THINKS is correct,
b) his prediction of students answers, and

c) the answers of his students.

The second table compares the teachers' predictions of students.' answers and the
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actual responses that students chose most.

For Question 1, Tables 5.1 (i) and 5.1 (ii) (page 76) reflected the following. Table

5.1 (i) shows that teachers D, F and G did not predict possible answers of students.

Teachers Band H predicted that most of their students would choose the 'correct'

answer (t,e. the students would give the same answer as the teacher). However

none of the teachers chose the correct answer! This indicates the possibility that

students are taught what is not scientifically acceptable. This in turn implies. that

some of the alternative conceptions that students have are due directly to poor

teaching.

Table 5.1 (ii) reflects five teachers (6, C, E, F and H) correctly predicting the

possible choices of students while others either could not predict or predicted

incorrectly. The students, and likewise their teachers, think that a stationary

positive charge will move because of the force due to magnetic field created

(though there is an indication, in Question 2, that some may be thinking that it is

electric field). The alternative conception held is that there is force experienced by

the charge which either pushes or pulls the charge.

Question 2 was not entirely different from Question 1. In both cases the charged

body is placed in magnetic field. Table 5.2(i} (page ), as in Table 5.1 (i) reflects not

all teachers being able to predict their students' answers. Two teachers (8 and E)

feel that most of their students will choose the same answer as they do. It also

snows all teachers, except three, answering this question correctly. Seven out of

the ten teachers were now able to answer the question correctly. This is probably

due to the fact that in Question 2 the magnetic fied is very obvious, while this is

not so in Question 1. Teachers seem not to realise that a current-carrying

conductor sets up a magnetic field around it.

Table 5.2(ii) (page )reflects three teachers (8, C and I) predicting the responses of

their students correctly. The other teachers either could not predict or predicted

incorrectly. This table reflects that even though these teachers do not agree on

the direction of movement of the charge they all agree that students are going to
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Table 5.1: Analysis of Question 1

Table 5.1(i)

r~OO~NoSt~T",cher's !\nswerlTeacher'spr~dk:liO~--- sh>ierrts"_n ..... (.;~.y,)"-~ "':.•.._ I r= ~:- \;:___IL ___b____Q_ __ s.,--~~.+:L 9 .-J
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Table 5.1(ii)
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Table 5.2.:Analysis of Question 2
Table 5.2(i)

I If-a (l_tudents ;:;;;;-her's Answer , Tea~~ PredictionI • s~.n~' :~ns~ (as~~_ B~
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Table 5.2(ii)
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think that the charge will move.

Questions 1 and 2 show an alternative conception, held by both students and their

teachers, that a magnetic field attracts/repels a stationary charge. It also reflects

a possibility that teachers, like their students, fail to see current as a source of

magnetic field. This implies that the teaching process may have contributed to the

acquiring of alternative conceptions.

For Quastion 3, Table 5.3{i} (page 79) shows that all teachers, except one, were

able to predict students' answers. Three teachers (At F and H) think that their

students are going to choose the correct response. All these teachers, except two,

agree on the correct answer. The other two teachers reflected the alternative

conception that attraction can be used as a test of whether a material is a magnet

or not.

Table 5.3(U) (page 80) shows four teachers failing to predict correctly the

responses of the students with two of ther« (A and F) predicting that their students

are going to answer correctly. The table shows that in ali ten schools most

students chose option 'b', This shows clearly an alternative conception that

attraction can be used as a test for whether a material is a magnet or not.

The response to Question 3, therefore, reflects that some teachers are not aware

of the possible responses of their students. It also shows the existence of

alternative conceptions, held b\/ both teachers and students, that attraction can be

used as a test of whether a material is a magnet or not.

For Question 4, Table 5.4(i) (page 80) shows all teachers, except one, predicting

the students' responses. It is once again noted that teachers A, Band F believe

that most of their stucsnts are going to choose the option they consider to be the

correct answer. The table also reflects four teachers answering this question

correctly.



Table 6.3: Analysis of Question 3
Table 5.3(1)

T.... S.3(ii)
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B 26
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F 5
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79



Table 5.4: Analysis of Question 4
Table 5.4(i)

TQble 5,4(ii)
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Table 5.4(ii) (page 80) reflects only two teachers (A and G) predicting correctly.

Student~ tend to choose two options tbt and 'c', thus reflecting that they think

that one of the solenoids will become a magnet while the other does not. This

shows an alternative conception that a solenoid can only result in a permanent

magnet if there is contact between the wire and the core or visa versa. (If a wire

is covered with insulation then they believe such "dlrect contact' Is impossible)

Table 5.5(i) (page 82) shows one teacher not predicting the possible response of

students for Question 5 and four choosing the option they think is correct as the

one that the majority of students are going to choose. Three teachers failed to

choose the ccrrectoptlon. However, it is to be noted that optlon 'e' can be argued

to be marginally correct if the charge is assumed to be very close to the conductor.

Table c.5(ii) (page 82) reflects three teachers not predicting students' responses

correctly. The majority of students from ail ten schools chose option tg' as the

correct answer. Thus, the majority of students think that there is no effect due to

the conductor which can cause any motion.

The five pairs of tables reflect a failure of some teachers to predict the responses

of their students. They also show the existence of alternative conceptions held by

both teachers and students, It should be noted, however, that although the

analysis here is doi .e only on teachers' predlotlons, and the responses mostly given

by students, the first tables also reflect other possible alternative conceptlons,

That Is, further analvsts of students' responses is likely to reflect more students'

ideas that are Hl-'ely not tn be scientifically accepted, )
ITables 5.6{i) and s.a(ii) (page) sumrnarlse these data for the 10 schools whose

teachers agreed to participate in this section and their 235 students. The tables

compares the prediotions and answers of teachers with responses of students and

the percentaae of students, taught by teachers responding in a particular way.
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Table 5.5: Analysis. of Question 5
Table 6.5(1)
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Table 5.6: Analysis of the Questions
Table 6(0 - Comparis()11 ofteacher!s p"!"edicJion and students' cboke
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Tabla a.am shows that in the first two questions teachers reflected no agreement

as to which option majority of students are likely to choose. They however reflect

an agreement to the effect that students will think that the charge will move. The

table also shows that students tended to agree that the charge will move but they

do not agree on the direction of motion. These responses, at least to this extent,

reflected an agreement between teachers' predictions and students' answers,

However, as will be indicated below, teachers also had the same alternative

conception that the charge will move. For Question 2, however, students reflected

some tendency of agreement that there will be a motion ~way from the magnet.

In Question 3 the majority of students reflected an understandtnq that W should

be a magnet, thus reflecting an understanding that attraction can be used as a test

for whether a material is a magnet or not. The predictions of teachers and the

response of students for this question did not tally very well. The comparison of

the percentage of students taught and of the responses of students clearly reflects

that some teachers did not predict correctly. For Question 4 students tended to

agree 'that one of the set-ups is going to be a magnet. This did not tally well with

the predictions of teachers who thought that the majority of their students would

choose the correct answer. For Question 5 students agree that there will be no

motion. Like for question 3, the percentage of students taught shows that there

are some teachers who did not predict correctly.

The table, therefore, shows two questions (3 and 5) where predictions of the

teachers agree with the responses of their students. However, even in these cases

the percentage of students taught reflects that some teachers predicted

Incorrectlv,

Table 5.S0i) compares the teachers' answers with the students' answers. Three

questions (1, 4 and 5) show similarities between the teachers" answer distribution

and the students' answers distribution. That is, where teachers tended to show

a possibility of the existence of alternative conceptions, students equally reflected

the same tendency. The table, therefore, highlights the possibility that some of the

alternative conceptions are transferred from the teacher to his/her students during



the teaching/learning process.

Table 5.7 (page 86) compares the predictions of the ten teachers, It shows that

some teachers were able to correctly predict students' ideas whereas others were

not. The table reflects three teachers not being able to predict students' ideas

correctly and only one teacher satisfactorily predicting students' ideas. The other

teachers either predicted two or three cases correctly r which does not reflect

satisfactorily the awareness of students' answers. Thus nine of the ten teachers

could not be said to be aware of their students' possible responses in this study.

Teacher S, the only teacher reflecting awareness of students' posslble responses,

thought that his\her students were going to choose what (s}he thought was the

correct answer, except in one case •
..'i

The sample of 'teachers in this study has reflected that they could not all predict

the possible responses of students, and so seem not to be aware of students'

ideas. It is also highlighted that both teachers and students hold similar alternative

conceptions in this topic.

j
1
I
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Table 5..7: Analysis of predictions for each teaeher

l'eachers Question 1 Question 2 Question) Question 4 Question 5
'--- ;X X X ,f ,f ,

B " 1 ,f
1

,f X ,f
r

C X ,f
!

,f X ./L ,
D X X i X X X

X X I X X X

X X X X ,f

X X .I .I ./ f

../ .I ,f I

I X .t .t X ,f
t<'''.•">--~.

.T .I J. X ./ X X
Key: X·· Did not pl'lI<iict OO!TO\.'lIy .., • Ji'redjcte(l tX>IT~y

~
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5.3 Qualitative data
Teachers were asked to explain why they thought students would choose the

options they (the teachers) indicated, Their explanations are discussed below for

each question. Some of the views express clearly a lack of awareness of students'

ideas while others reflect some degree of awareness of these ideas.

For Question 1 the teachers had the following views. Only teacher S thought that

his students would choose option tc', This is his explanation:

Bl , Unlike charges attract. The charge will be attracted towards the
conductor

The response ackawleclges the existence of two different charges in the question.

Since current is flowing in the conductor 'teacher B assumes that students are

going to think that the conductor is charged negatively and as a result the positive

charge is going to be attracted. The alternative conception reflected is that when

current flows In a conductor then at any moment the conductor is either negativelv

or positively charged. Sf however, also thinks that this option is the correct

answer. The explanation given could be the reason why he thinks so. The

majority of students answered as he predicted. If these students chose this option

for the reason given by their teacher, then there is the distinct possibility that the

alternative idea was obtained from the teachlng/rearning process.

Option 'd' was chosen by two teachers and these were their explanations:

E1. Without considering the movement of charge in the conductor,
the repulsion force will be assumed perpendicular in the object C
Hi. Like charges repel as +ve charges the direction of repulsion is
away from the wire

According to teacher H, students will think that the flow of current will cause the

conductor to be positively charged and thus result in the charqe being repelled.

Like B above, H chose as his correct option the same option as he thought the

students would choose. ThUSsimilar comments apply. According to E, students

will not consider the movement of charge in the conductor. This implies that the



movement of the charge inside the conductor is found to be crucial in determining

the direction of motion of the positive charge outside the conductor.

Only teacher A thought that students would choose option 'e':

Al , They might think that because I is -ve charge. So it have an
opposite direction to +Q

Teacher A states that students regard current as a flow of negative charges in the

conductor, and that they therefore will think that the positive charge must move
in the opposite direction.

Three teachers thought their students would choose option 'f':

Cl. Because the direction shown by the arrow may lead them to
think that q is going to be repelled in the same direction
11. This is likely to be chosenby many studentsbecause they know
a negative terminal or charge will be created at the end of the
conductor hencethe positive chargewill be attracted northwards.
11. they will assume that motion is in same direction as the current

Teacher C thinks that the srrow showing the direction of current in the question

will mislead students, while teachers Iand J think that the flow of current will be
used to indicate a possible direction of motion of the charge. Teacher Ithinks that

students might think that at the end of the cortductor there will be negative

charges created which will in turn attract the positive charge. That is, students

will think that because electrons move inside the conductor there has to be a point

where they stop and at that point the charge will be negative.

Three teachers did not predict responses of their students. However they gave the

following explanations:

D 1. Positive chargeattracts the electrons
Fl, 'Theywill guess. We have used the idea of a 'free' north pole in
a magnetic field and not a +vely chargedparticle
01. NIA since I have never taught this topic

Teacher 0 was perhaps explaining why he considered option 'c' to be the correct
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answer for this question. This is slrnllar to the responses of Band H, r.e, the flow

of current causes the conductor to become either negatively or positively charqed.

Teacher F hints at a possible confusion between charges and magnetic poles, or

that students take over ideas from magnetism directly into electrostatics.

Thus teachers generally agree that students are going to think that the charge will
move. The Idea of 'Unlike charges attract and like charges repel' seems to be the

main argument that teachers thought their students will use. The feeling is that

when there is a current in a conductor, it charges the conductor either negatively
or positively. Some teachers use the same reasoning to justify their 'correct

answers'.

For Question 2 the responses were as follows. There were two teachers choosing

option Ie' and thelr explanations were as indicated below:

C2. Magnetism has effect on electricity not realising that the magnet
is stationary
12. Students may think Q negativecharge may be induced at the end
of themagnetclose to thepositive charge andwill attract the positive
charge in that direction.

Teacher I believes that students will think that the charge will be attracted as a

result of the negative charge induced at the end of the magnet. Teacher C simply

thinks that students will assume that the magnet is going to attract the positive

charge. Students furthermore think of the charge as 'electricity' (which may be

interpreted to mean 'current'I,

Only teacher H chose option 'b':

H2. They may think of the motor effect createdon a moving current
in a magnetic field

Teacher H thinks that students may think of the motor effect. The direction of

motion of the charge will then be determined by using Fleming~s rule. He agrees

with C above that students are likely to think of charge in terms of moving charge.
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Option ;df was chosen by three teachers:

A2. They will assume that +Q will be repelled by the north pole of
a magnet.
E2. Since the force of repulsion considering the quality of charge
induced, the repulsion will be absolute as they are not consecutive
12. They are likely to assume that the motion of charge will be such
that it is in the same direction as the lines of forces(from N to S).

According to teacher J, students may consider the direction of magnetic field lines,
and that there is a force pushing the charge in the direction of the magnetic field.
The other two teachers feel that students assume that positive charge will be

repelled by the north pole. According to E, students assumethat there is a charge
induced which will result in the repulsion. Bee iuse E chose this option as the
correct answer it seemshe regardSthe notion of an induced charge as plausible.

Teacher B predicted that students would choose option 'g':

B2. These is an ordinary magnet and will have no effect on a charge
placed near it.

Teacher B thinks that students are going to choosethis option becausethey know
that the magnetic field has no effect all the charge. B is confident that students
will answer correctly.

Three teachers did not predict their students' responses. THeir explanations are
as follows:

D2. Magnet attracts magnetic substances only (not insulator)
F2. Same as ill 1 aboven,e, students will guess)
G2. NtA since I have not yet treated this topic

Teacher 0 explains why the option he chose is the correct one, l.e, magnets only

attract magnetic substances. He emphasises that the charge is an insulator and

so it will not be attracted.

All teachers, except four (B, 0, F and G), predicted that their students think that
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B3. They only know that unlike poles attract and hence t1refact that
W is attracted to N of M. This means it is a magnet with its S pole
facing the Npole ofM. (They won't easily be able to realise that not
only magnets are attracted or repelled, but even a magnetic material
can be attracted by a. magnet).
C3. They may think of the concept that the 'like poles repel and
unlike poles attract'
03. Because they only know that for a magnet like charges repel and
unlike charges attract. They may not be aware that any magnetic
material is attracted but repelled unless it is a magnet of like charge.
H3. Like poles repel therefore applying unlike poles attract each
other
13. The attract will occur to the students that W is a magnet with its
south pole facing the north pole of the magnetM
J3. They may assume that it is a correct since they know that unlike
poles attract. N~pole attract S .. pole.

the charge willmove. The reasons given by these teachers nevertheless indicate
that students think that the two situations, i.e. Questions 1 and 2, are different.

Some teachers also reflect the same alternative conception,

For Question 3 the predictions were as follows.

The majority of teachers thought that their students would choose option 'b'.
The: xplanatlons were as follows:

These teachers agree that students think that because the magnetic object W is
attracted then it must be a magnet. Teachers Band G emphasise that their
students may not know that attraction is not a sufficient test of whether a material
is a magnet or not. This may Imply that the problem could result from teaching
where this idea was not dealt with. Teacher H chose this option to be the correct
response: this reflects that some teachers hold the same ideas as students. 1:1 this
question teachers reflected some degree of awareness of possible students'
answers.

Two teachers thought that their students would choose option 'e':

A3. They know that attraction does not only occur between two
magnets
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F3. They YJlOW that to test for a magnet we look for repulsion
between the magnet and material to be tested

The teachers feel that their students 'know' that attraction does not only result

between two magnets. This could imply that these teachers discussed this issue

in class. But looking at the responses of students it does not seem like students

really knew this. This therefore reflects that these. teachers were not aware of

possible students' responses.

Option 'd' was chosen only by teacher E:

E3. Since the polarity is not indicated. They may believe option d is
the right option

This teacher feels that the issue of polarltv is crucial for students to correctly

answer this question. He feels that the 'attraction' observed is insufficient

information.

One teacher did not predict students' possible responses. The explanation given

only explains why he thinks option Ie' is the correct response:

1)3. Repulsion is the only test for magnet. Magnet attracts magnetic
substance

Responses to this question reflect that some teachers were aware of possible

students' responses while others were not. They reflect the possible influence of

teaching/learning on the acquisition of alternative conceptions, They also reflect

that some teachers hold the same alternative conceptions as held by students.

For Question 4 the following are the predictions of teachers. The majority of

teachers opted for option 'a' as the response which most of their r tudents are

going to choose. Their reasons are as follows:

C4. Because the current is applied in a similar manner in both cases
H4. They will not think of the difference between insulated and
uninsulated wire as uninsulated wire touches the iron core in B itwill
conduct electricity instead of been magnetised

f
i
1
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14. Students may not be able to understand that the insulation of t"'~
wire is necessary for mag"t,:;\sation in the above arrangement.
14. They may think that ~'"~.,)ngas the wire wounu around the bar
that will become a suspect.

These teachers think that students will think that the two set-ups are similar and

attach no importance to the insulating material. The argument raised by teacher

H is only relevant if the cote has a lower resistance than the wire. It should be

noted that all four of these teachers thought 'b' was correct, t.e. they think that

the wire must be insulated (which is an alternative conception). Teachers A and

F gave the following reasons, which confirm the existence of this alternative

conception.

A4. Making an electromagnet does not consider the insulation or no
insulation they have seen
F4. They will assume that there is no contact between the uninsulated
coil and the soft core

They feel that their students know that the insulation is not that important in order

to magnetiea the core; l.e. that students know that as long as they can get current

flowing around the coli then the core will be magnetised. Thus they believe that

their students would answer correctly.

Only teacher G thought that the majority of students would choose option 'b':

G4. This is because the description given in a text book talks about
'insulated copper wire'. Therefore if they are not cautioned about it
in class then they are likely to think that B will not be a magnet since
the wire is not insulated.

This teacher feels that most students will get this question wrong because of the

description given in the textbook. The impression textbooks give is that the.
insulation is necessary and without it the core will not be maqnetlsed, He further

suggests that teaching must take care of this explanation otherwise students will

be misled.
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Two teachers predicted that most of their students would choose option 'c':

B4. Wire A is insulated hence it won't be easy for magnetism to be
induced in that material
E4. If they assume insulation as prevention of the flow of current
then their thoughts could be likened to that of d

Teacher B believes that students think of the insulated wire as an obstacle for

maqnetlsatlon. However teacher a himself considered Ic' as the correct option, so

has the same alternative conceptlom. Tea.J1I3rE's response is contradictory: he

either wanted to choose option Id' as indicated In the explanation, or 10' as

lndlcatad by his choice of option.

Only teac. "'r0 was not able to predict the responses of students. His explanation

is as follows:

D4. Current passing through the insulated wire and the other wire

This teacher, as in the other questions, is explaining why he thinks option 'a' is
correct,

This question, like others, reflected some teachers not being aware of possible

responses of their students. It also reflects some teachers holding the same

alternative ideas as their students.

For Question 5 all teachers except one were able to predict the responses of their

students. One teacher thought that students would choose option 'c' and the

explanation given is as follows:

E5. Considering the neutrality of the conductor he may assume that
there can not be any impact due to this

There is a contradiction in what this teacher is saying since the option stated there

is motion towards the conductor and the explanation says there is no motion.

Another teacher, J, was not decided as to which option between 4C' and 'd'

students will take. The explanation is as follows



\,

J5. Because q is positively charged it would move such that it is
attracted by a conductor or repelled by a conductor.

The explanation, however, does not indicate why students would think that the
positive charge eitherwill be repelledor attracted. It can only be assumedthat this
teacher thinks that students would think that there will be charge induced in the
conductor which will either repel or attract the positive charge q.

The majority of teachers thought that their students would choose option 19' f The

follCJwingexplanations come from the three teachers who thought that this option
was Incorrect:

AS. They might not see that the charge +Q which cause -ve charge
to move to its side so that it can be attracted.
CS. They will not think of attraction due to induced charges
IS. Students may not be able to know that negative charge will be
induced close to the positive charge to attract the positive charge
towards it.

These teachers think that students are unaware of a charge induced on the

conductor which will causaattraction or repulsion. The above discussion, in 5.1,
proved thsse teachers to becorrect. The following explanations are given by those
teachers who thought that this Is the correct response:.

B.s. The conductor is neutral hence it won't affect the charge in any
way
F5. They should guess that there is no field around an uncharged
body
G5. Because they know that movement is the result of the force felt
by the object.
H5. They may not recall electrostatic Induction in C to cause
opposite charge net to q

One teacher did not predict the students' responses. The explanation given
explains why option 191 is the correct one:

Teacher B explains why this option is the correct one. The other teachers agree
that students are going to think that there is no force which the charge will

experience as the conductor remains uncharged.
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6.4 Conclusion:
This chapter reflects the followin",.

i} There are teachers who could not predict students' responses or who were
not aware of their students' possible.responses. This means that some

D5. Uncharged conductor does not attract positively charged
insulator

The above discussion of the explanations given by teachers reflects that there are

teachers who are, to someextent, aware of possibleresponsesstudents are likely
to give while others are not. This study interprets the unawareness of the
students' responses to meanthat the teacher is not aware of the students' ideas.
The discussion has also reflected that there are teachers who hold alternative
conceptions and that the same conceptions are held by the students. This
observation is interpreted as an indication that there are some alternative
conceptions which are due to the teaching/learning process.

.
teachers are not aware of students' ideas about concepts in
electromagnetism. ThIS implies that some teachers are unaware of the

existence of alternative conceptions that their students hold.

Ii) The sample of high school students in this study from lesotho also reflects

the existence of alternative conceptions on electromagnetic concepts as
indicated in Chapter? The study also reflects that some teachers had the

same alternative conceptions. This means that some of these alternative

conceptions which students havecould havebeentransferred from teachers
to students. This therefore verifies that someof the alternative conceptions
are caused by the teaching/learning process.

This chapter, therefore, suggests that the teaching strategies used by these
teachers do not rernedlateunscientific ideasthat students hold, but rather promote

those that already exists or even introduce new ones. Such teachers use non ..

constructivist strategies that pay no attention to alreadyexisting students' ideas.
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CHAPTER 6

FINDINGS, IMPLICA110NS AND RECOMMENDATIONS

6.1 Introduction
The aim of this study, as discussed in Chapter 1, was to investigate teachers'
thinking about their subject (Physics), and their students. This was done by
investigating beliefs of teachers on two main categories, namely
* Students' knowledge ~divided into the following sub-categories!

n Traditional Teaching vs Non-Traditlcnal Teaching
ii) Teachers' view of electromagnetism
Teaohing Methods - divided into the following sub-categories:

i) General Method$

..

Ii) Use of experiments

The study addressed the following research questions:
i} VVhat beliefs about Physics and Physigs teaching do high school

teachers, in Lesotho, have especially about the teaching of
electromagnetism topics taught at high schools?

ii) What strategies do teachers employ to teach concepts of

electromagnetism?, and
Iii) Are teachers in high schools, in Lesotho, aware of students'

alternative conceptions?

The sample consisted of high school Physics teachers from Lesotho.

6.2 Findings
The findings. of this study endeavour to answer these research questions.

Answering ResearchQuestion (i) - Teachers' beliefs'

In Chapter 4 we.concluded that:

Physicsteachers in Lesotho reflect both non-constructivist aswell asconstructivist
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beliefs about Physics teaching and Physics itself. Tradltionallsts believe that
Physics is strictly bound by rules and facts that must be known by the student.
Some teachers showing traditional views believethat for students to understand,
they must know rules and formulae because of their importance to the
understanding of concepts. These teachers believe that Phvslcs is a body of
known facts that must beaccepted by their students. Teachersareseenashaving
this knowledge, and their fundamental role is to tell it to their students, who in turn
must accept it.

Although these belief categories are reflected ln this study it is not possible to
draw a separation line between teachers falling in either of them. For instance a
teacher would show a non-constructivist belief in statement 1 (If there must be a

choice between the understandingof concepts, and factlitating the processof self-
discovery, then the teachers should rather emphasize the ccncepts.) and a
completely different view in statement 15 (Electromagnetic induction can best be
understood by students if teachers use demonstrations in their lessons.).

We therefore conclude that

*

Some teachers, in Lesotho, hold constructivist beliefs about Physics and
Physics teaching Whileothers hold ernplrlclst beliefs.

Empiricist believe that students must know rules and formulae in order to
understand Physics concepts. They view Physicsas d body of well known
facts which must be accepted by students without questioning. They also
see tnemselves (teachers)as having this knowledge, and their fundamental

role as being to tell students this knowledge. These teachers reflect a

'tabula rasa' notion where students are assumed to have 'empty minds'
which must be filled with unquestionable knowledge of the teacher.

Constructivists believe that students need to understand concepts, rather

than an emphasis on ~~~"gSand formulae. They believe that Phvslcs is a
dynamic subject where what is known can be challenged.

*



,JUUZ4JUiiiWWU 2 .. 111m - P.4,W:;::;::W:W:",;w

Answering Research Question {in ~Teaching strategies

In Chapter 4 we concluded that:

The study also reflects teachers' beliefs about effective teaching methods. There

are some teachers who seem to believe in traditional methods, such as lecturing.

because, arnanqst other things, the subject is difficult and students must be given

mora basic knowledge. Others seem to believe that there is no other way except

to use experiments, especially for electromagnetic concepts which are so abstract.

Teachers are divided aboat which strategies they would use to teach different

concepts in Physics, particularly electromagnetism. Some teachers opted for

empiricists strategies white others opted for constructivist strategies. Empiricists

believe in teaching methods which emphasise concepts so that students can

understand better.

We therefore conclude that:

* Some teachers, in Lesotho, tend to Use teaching methods that are non-

constructivist while others prefer to use teaching methods that are in line

with constructivism.

Non-constructivist believe that Physics concepts are difficult and therefore

must be lectured to students in order to give them more basic knowledge.

Thus, emphasising concepts was more important to them.

*

Answering Research Question (iii) .. Awareness of Altetnatlve Conceptions

The following concluslon was made In Chapter 5~

There are teachers who could not predict students' responses or who were not

aware of their students' possible responses. This means that some teachers are

not aware of students' irieas about concepts in electrcmaqrtetlsm, This implies

that some teachers are unaware of the existence of alternative conceptions that

their students hold.

We also concluded in Chapter 4 that:

The study reflects that some teachers are aware, to some extent, of the possible
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ideas of students, while othersmay not be aware. Those teachers who seemnot
to be aware of students' alternative conceptions tend to think that students
relatively easily understand concepts. Therefore there is really no reason why
students cannot understand such 'easy' concepts.

We therefore conclude that:
... Some teachers in Lesotho's high schools are not aware of the existence of

students' alternative conceptions
Because of this, it seems logical to assume that teaching in some high...
schools does not addressthese ideas.

In Chapter 5 we also noted that:
The sample of high school students in this study from Lesotho also reflects the
existence of alternative conceptions on electromagnetic concepts as indicated itl
Chapter 2. The study also reflects that some teachers had the same alternative
conceptions. This means that some of these alternative conceptions which
students have could have been transferred from teachers to students. This

therefore verifies that some of the alternative conceptions are caused by the

teaohing/learning process.

Amongst the alternative conceptions reflected by both teachers and students the
following could not be found in the literature

When there is a current in a conductor, the conductor is charged either
negatively or positively.

According to this, if electron current is considered then the conductor will be

charged negatively and If conventional current is considered then the conductor Is

charged positively.
It was also noted in chapter 5 that the teaching strategies used by these teachers
do not remedlate unscientific ideas that students hold, but rather promote those

that already exists, or even introduce new ones. Such teachers use non-

constructivist strategies that pay no attention to already existing students' Ideas.
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* There are teachers who have empiricists beliefs and some who hold
constructivist beliefs,
Teaching in some high schools ;0 dominated by the use ot empiricist
teaching strategies.

Concluding remarks
Answering the three researchquestions reflect a link between teachers' thinking
and their practice. The study shows that:

*

6.3 Implications and Recommendations
The intention of this study is not to attempt to generalisethe present flndlnqs, but
rather to get an Idea of the possible situation regarding teachers' thinking in
Lesotho. The answers to the above research questions has implications for
researchers, teacher trainers and teachers.

,{

The researcher'S contention is that teaching should recognisethat each individual
constructs in his mind concepts even before beingexposedto any formal teaching.
This means that each learner comes to classroomswith well defined ideas about
concepts in that particular subject. These ideasact as frameworks for the learning

of new concepts. Therefore teachers need to beaware of pre-existing ideas. This
study reflects that teachers may not be aware of these ideas. It can be expected
therefore that their teaching does not take this fundamental idea behind

constructivism into account, and as a result does not remediate alternative

conceptions.

The issue of beliefs is also an important aspect in the teaching/learning process.
Some teachers in this studv have reflected non-constructivist beliefs. These

teachers seem to believe that some concept 'ue easy and that students do not
have any 'good' reason for not understanding them. The strategies that these

teachers choose also reflect an empiricist approach to teaching. Thus their
classroom practice can reasonably be assumed to be such that alternative
conceptions are not addressed, but rather promoted.
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The findings of this study support the view that some of the alternative

conceptions originate dlrectlv from the teaching process.

Since most teachers participating in this study are trained 1:0 teach Physics, then

teacher support programmes in Lesotho need to be improved in order to address

possible shortcomings in teaching.

* Access to such programmes must be made easier, either by increasing their

frequency, or by spreading the venues to cover all schools.

Workshops must be organised which amongst other things address the issue

of students' alternative conceptions, and their influence on the

teaching/learning process.

..

This study also shows that teachers, as well as students, hold alternative

conceptions. The design of this study does. not allow for <1 clear picture of how

deep these conceptions are. Use of a different design to ascertain these

conceptions is necessary. Few studies are available which suggest possible

remediation strategies. Research studying such methods will be highly appreciated

by teachers and teacher educators.
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APPENDIXA
QUESTIONNAIRE 1
SECTION A
INSTRUCTIONS: Please respond to the following questions. Where there are options
please tick correct responsels),
The researcher intends to use these data in his MSe research projsd he is undertaking.
The data you give will be Of importanoo in a number of ways. For example::it will be
used to contribute to the body of knowledge. The data wilf th~refvre be handled with
confidentiality and maximum respect.

1. Sex: Male/Female

2. N~tionality: LesothoRSA
India
Other

If other please specify: .. '- li •• 'l""' t." •• "••••• , •••••••• 1I••• 11iJ" ,~ " ••• ._"'.'.I' •••• I,.ti •••••••• "."'i" •••

2. Age range: 21..25 years
2a..sOyears
31..S5years
3540 years
41...ct5 years
46 ..50 years
51..55 years
55 years and above

3.0 Last High school attended{ as a school pupll): , ..
3.1 Which subjects did you do for our school leaving certificate?

Mathematics
Biology
Physical Soiem»
Human and Social Biology
Others

If other please 'Specify: , lj , , •• , •• , •••• ,., , •••••• ".'''' •••••••••••• t •••• ,_ ••••• '.f •••~'., .
.. ••• ••••••• •• ,,' ~ •••••• ". ;111 ••• 1."' •••• _ ~ t •• 11 ••••••••• '., •• ,,.., ••• " , •••• , ••• " ••••••• ,' ••••••••• , •• ,.,_ •

••• II! ,." ••••••

3.2 Highest examination passed: coseGee
GCSE
MATRIC from RepUblic of South AfricaOTHER

If other please specify: .. t •••• , •••• , ••••••• " •••••• , •• "', •••••••••••••••• "'l, ...... ' •• b •• " .. ' ••••••••• ,, ••• ,., •• , ••• , •••••• ,.,

3.3 I~dicate symbol obtained in the following subjects I where applicable:
Mathematics
Biology
Physical Science
Human and Social Biology



1. Sex: Male/Female

,;fPPEND1X A
QUESTIONNAIRE 'I

SECTION A
INSTRUCTIONS: Please respond to the following questions. Where there ara options
plea$9 tick correct fespo~se(s).
The r&searcher intands to use these darts. in his MSc research prOjecthe is undertaking.
The data you give will be of importance in a number of ways. For example it will be
used to contribute to the body of knowledge. The data wiH therefore be handled with
confiden~~elity and maximum respect.

2. Nationality: Lesotho
RSA
India
Other

Jf other please specify:.1i." f" •• t' ••t.~••• 'Ii ~~' ' •• I 'iI ••••• \ ••••• , " ".t. .

2. Age range: 21-25 years
:26-30 years
31..35 years
36-40 years
41-45 yeats
4S...50years
51..55 years
55 years and above

3.0 Last High sebocl attendad( as a school pupll): " , .
$,1 Which subjects did you do for our schoo! leaving certificate?

Mathematics
Biology
Physical Science
Human and Social Biology
Others
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If other plasse specify: _••..•"."',." " ", " ,.•." , t." •• " •• ,." •••••• '" •••• 'i !tt Il~ " III •••••

II. .. " " ••• " •••• lliI •• "." _.'11 t' •••• , ••• "lilt ,. .. , t •• ' It .. .., ••• ,., ).,. , •• *." ....• ,..,"' i ..t." ' •• lIlt .. fl , •• ,.,. 1; •• " ,,, ••• t. Ii , •••••

3.2 Highest examination passed: coseGeEGCSE
MATRIC from Republic of South Africa01 HER

If other please specify:1t.•... ".•.•IIi.Il•• 'lI" •••• "'".~, •••••••••••• ~oij " 'l.'" 4.' ..t ••• I'1t _'11 •••

3.3 Indicate symbol obtained in the following subjects. where applicable:
Mathematics
Biology
PhySical SOience
Human and Social Biology



Other Science subject( s)
If other please specify:.I1.,' "~ ~.".'1"' .••• "'•• ,, , , ••• ' ••••••••••••• "., 11 111e ' .•••••• ,.".·

4.0 Post ..Secondary Qualification: STC
Dip. Sc.Ed.
Ssc.Eo
Other

if other please specify: " " ,~ ~ "'."tI·.•••••.• "'b .. '11' ••••• ·,' ••• " ••••••• , •• ·····"··

4. ~ Institution from wrlich you obtained your qualificatiOn: .
, M ", Il." ~." , ." •••• ~ •• " ~.

4.2 What ware your major subjects: Physics
Mathematics
Chemistry
Biology
Other

If other please specify·: " , ~ ".".•., ~ "' .
.. ..,*'_·f ·.·It lIi·t f'" Ii '.1! ,.". , 1· t' I .. " ••.•. , ~ " a 't ".. • .•• , ,.,.. .". 'II. _.. " " 1iI " 11.

5.0 HO"tl Jog9 have bean teaching: 0-5 years
6..10 years
11..15 years
16..20 years
More than 20 years

If other please specify; ..•."".l:, ••••• "lo.."V'\l'."" •• ,., * " •• ,."'.'1, ..1: .

5.1 How long have :>eanteaching Physics (01' physics within physical science):
0-5 years
6..10 years
11..15 years
16~20years
More than 20 yel~rs

\i
!i

i

Pl$a~espat~ify: ~,..... "~1 ~.i\ '.'114 lI., "..l. J •• , ''' '1.' •• ~•• i".,. ""'I,, •• , ~"Ij"" .Ii .

no



Please explain:!l'.'!I" ~." "'.., ,.." t." , t~ ••.••••.•• _~" .. ", .• 1t "''fcl' f ..

SECTtON B
Please respond to the following biatements by choosing the appropriate number on the
sC',ais'
1 ... otfongfy disagree. 2 ::::disagree, 3 ::: slightly disagree
4 :.:slightly agree, 5 :::agree. 6 ::::strongly agree

1. If there must be a choice between the understanding of 1 2 3 4 5 6
concepts, and facilitating the process Qf self-discovery*,
then the teacher should rather emphasize the concepts.(*
sea footnotes)

2. Because students do not like experiments on the design 1 2 :5 4 5 6
and use of permanent magna.s and electromagnets Isimply
do not let them do such experiments.
P,I.ease exp·Jain·: " ,.1> tllI " ' •••• i •

3. A big weakness of discovery activities* in electromagnetlsl'Il 1.2 3 4 5 6
is the difficulty in getting the children to come up with the
right answers.("" sea footnotes)

.. 'It" , till' •••••• , fI ••••• " •• , •• _ •• « ••• .:" , •• t ~ , •• , , , .

a ."a " Itt'" ••.•.•••••••• ", , " ,,, ••.••• , ••••• 110,_, .. ,

4. Because of the amount of specific information to be taught
in electromagnetism, at least 50% of the course should be
given using the Jacturamethod.
Please explain: ..l., , _.f " , ,.", t,.,

1 2 3 4 5 e

.... I .', ••••.••• , ••• ".'.i.t ,,,.,, , .'1' '•• 11;'.' .• >1>' ••••. , ••• 4 " •••••• , ••• , ~_ ••• ,... ~ " •• , , t ~ ••••• ill

5. A big problem in teaching electromagnetism today in that it 1 2 3 4 5 6
is so expensive to do meaningful laboratory experiments at
all levels.
Pleasa ,explain:, •.".., "••lIiI ••••••• ,."' ",., •• II.,.i,j lIt ..1i~ "f_ti.

II. " , • "., It • ""., " I) lo·, , ". , 4:'.""" ." t· 1>11"" 114"'" t1 t·;& • ., II ., .. ~ "' •. " " ,." fir "' •. It." it· ~"" , •

11 refere to activities i:o:tendad to help atudontl di$cover e concept(,) by
themselves

III
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6. In performing experiments in elactrom$goetlsm, the beat
learning ls likely to take place if students are ahle to work.
alone.
Please explain.; .•. '.~~.·.·'.U'.~·"'.'''.'·iI-''_.'''II:Ilt'.''''.''''''''.,', 1' i> ••• " ••••••• t .

......... ,,, .. ,.,.,,,,.. to". Ii.,.,,, •• 11:,. •• ,,. •• ., ••••• 1* " ,.iI:' ~ t •• vI •• ' "•••• ,. t.,j'I , ••

...... •• " ·, 11' "" •••••••••• , * ••• '.iI "•••••••f. , , ,., ,." 01'11.

1. When teaching electromagneWsm the teacher must first
find out what ideas students already have.
Plea,se Explain: I;." a , ~ , • .- ••••••• 1ft ••••• ~ •••••• ,. ,"' .. " , •• " ••••• " •

••• ., ••• " _4 ' •• ,. 'IiI., "' "." "" " ,., •••••• I. •••• t " "' "' •• " •

..... It ,. iii "'"l •• It A •• 1' .. ' ••• 1' ••••• ~ iII." ••••••••••• *'. , •••• "••••• ",,,••
s. Students do not know any thing about e1ectromagnetismt

so the teacher needs to tell them aUthe basio f~cts.
Please' Explain:"" ot ~.,.#•••••Ii''t ", " •••••••••

..... '01." •••• , ....•••• !It • ., ,., ~ c ", •• t. li" t •• 1' t ••• _•••• 'l ••• '"••• "" ".'-. .:,." ••

• 'eIi.' , f *, ,.., III" * >11 ,."' " •••• '1f. 10•• '. _.. "'_., •• " lIt- , 1''''''' ..
9. Electromagnetism is the most difficult subject in Physics,

and the most difficult to teach.
Please Explaln:.t .. t'1I ,."'." ,.~ , , •• , •••• ,.•• ", Jl_,I1." ••• ' ••••• '" ••

• , f , ••••• .tt.1> ~, •• .." •••••• ,.11' " \11 ,11, ",. ,. ~'" j"

1O. Experiments help lStudentsto better understand
electromagnetic concepts such as 'magnetic field' snd
-magnetic induction'.

Please Explaln: ,..,.., "'.•....." _" 111 •• "' ,.

II 11 " !If" " It, fl'.' ." ,I." •• ill ,11 ill' ". It::" ." ff ~"' ,. .. III .. ill" •• ' II'"" " 1' .

11. Students understand the difference between the 'electric'
and 'magnetic' fields.
Please Exp.'ain:..".~,..,•.•............ JIHi4 \ •••• t •••••• " , ." " ••• ,." .

"" t ••••• " '11 ". "11 t , " " '11 , ••••••• "., " ..

•••••• t •• ,. •••• " ••••• , t " •• , ••••••• '1"'" 11: .• , '.'116 ,1.

12, It i$ impossible to demQrtstrate the factors affecting the
magnitude of the emf induced in electromagnetic induction.
Please Explain: ,..•"..•., ,.•~I1 _ ••••• , •••• 11 -4 •••••••••••

• 111' 1<11 •••••• " , ' lI , , , "' , ••••••

.. •••••• , ••• , " Ii .. t ,11' ,' •••••• "'4' ""11'1' ~

13. Students understand the concept of the magnetic field.
Please Explatn:., ; , "•..,.., , , , ,.•

........ , O'.~"."" .. , ."., .. , "1'" " , , •••• '0 •••••• _••

•••••• • ,,. ". iI ••• ,'t ,t •••••• ,., "I., •••••••••••• ,., '11'" •••••• t: J!.t""

12$456

123456

123456

123456

~••it, "'",•••

........ , '..', .
................... ,.. t .... " .... ,"

123456

" ••••••••••••••••••••••• ,111-.

." ,. " .
1 .2 2 4 S 6

123456

1 2 3 4 5 6
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14. Electromagnetic induction can bast be understood by
students if teachers use demonstrations in their lessons.

•.•• 10' .,.t-'. _ " -"'.ill " •• at _ " t· ._ '. 11 •• 11 f.",._ '" " n •• " 11 ..

15. For students to understand the concept of the magnetic
field they must understand Fleming's rules.
Please Explain: , , ' ,i ••••••••• , •• ' •••• oElI ". ................ ....

... " t .• " •• " "' t_. t .. II .. '.' " •• M 11 11' If" ••••• ,,' .••• II "" .-, ••• , 4 •.•••• , ••• ' ~ ._ •• #I! <1.11; 10' "' ..

16. Distinguishing between the magnetic properties of iron and
of steel is easy for students,
p1ease explain:., ..fI ••••••• t •••••• l'I.,.,J.,•••,..'!l••~ " •••• "..,••••• " ...

" •• '111: 4--. " ~ .. " , .•• t •.•• ,' l". ". _.••• ",." till It' ,.j I· <1 ..

17. Having fun or structured play with magnets in Physics
lessons is a waste Qf time.

Please Explain':~ " t.• , •••••••••••• \ •.•• j ".~ ,." •• ·•••• ·.·.·1 ••••• , .,.1

...... _.- 1:<1. ,. ••••• ,' ,." •• """ ' "',. 5' oj ,." , , iii •••

• to ••••• ' fI "" ~ •••• , I.' ..,•••••o. t~f.'•••••••irl••••l.' ••' .
18. One of the things that make tha concepts of 'magnetic' and

'electric' fields so difficult is the absence of formulae to
explain them at Ordinary Level Physics,
Please Explain: , l' •• ,"" ••• , ••• t •••••• * ~, .

..... "' .. " ,., '10 ' •• , , .\. , •• , •••••••••

••• t .. l ~4 •• "'" _ •• II t I. '1',,,,, ~. II 11 ,' •••• , •••••••• _, fI .

19. My students enjoy doing p;-acticais on a. c. generators.
Please Explain: .." t ••• " , t ••••••• " •••• " •••••••• _ " , •••

.., " ".." t.'" 't.~." l,\*'''''to ••. \ , .••.• , ,., 1 \" •••.•.• ,," 4. " '10" .

• ". ~ 'Ill ."' " •••. , "·It ,, ,., ,., 4, '.. ,., , 1 ,. ,., '.>11. It " •••. ,,, , •• f" "'" ••••.•

20. The transformer is the most difficult topic to teach in
electromagnetism.

Plesse Explain: ....... ,
•• "' ••• " \I I. 11 ~ 'fl. ,,, , ••••• ,, ,, "" •• 1, of'''", , , _ t., " Ii 1)""''''''

" •• 11 '"' II- 1 " .. 11." .. ,. •• , •• " iI •• , v II " •• '4"'" ,.-" ••••• " 'f. I) • 'li •I) Ii 0 .I!" •• II '4 ..

q
\
1

21. There is really a need for students to master all the formulae
in electromagnetism because it is difficult to learn Physics
without mastering such formulae.
Please Explain: ......•. f' t , "' ••• ,., " , •••••••••

............... '·""f··'. , •••• ·f" ••••• ,' •••.••••.•••• ~ "' ••• " "It' Il ,· •• ,.\ t " I •••••

• " ••• , 11 •••• I "., '11 , fI' ••••••• , ., j,.""" " •• , , , .."fl."

1 2 3 4 5 6

. ".", , .
1 2 3 4 5 6

"'."10.,,,,,,,,11., ."', .. " • .- ' ••

1 2 3 4 5 6

1 234 5 6

1 2 345 6

..., ' •• , - ••• jl •••

1 2 3 4 5 6
... Ii ••••••• ,.- ..

1 234 5 e
" '''''11 ••• '.'', ••••• '<11

1 23456
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22. It is not advisable to allow students to do pr.adieals on
transformers because transformers are VfJt;1 dangerous to wak
with.

Please ·expJa·in:.\ "..n~"",'."'•• '•• """'.'.' ••""""".""_' ,,, , •• 'Il .

••• " .. " 6 ,. 11." •••••••• "., •• t."" 111'., ••••••• " •• ".

...... ., •••• ' •• 1Ii " •• " to" ••• , •••••• ,..11 4 •••• ) f, t,lo.,,, f. 11: ~, -f' "'II" •• ' ......••••• ".••• tI>

23. Bscause it may not be possible to do experiments with
transtormers, the equation VrN. ::::~ J~ should just b$
given to students(where Np Is the number of turns on primary
COil, N. the number of turns on sacondary coUp V is the
volt$ge(pd) across the primary coil, V~ is the voltage across
thfi:l secondary COU).
Please Explein: t • .:., ..t"'.l. ~,•• 'iI'l" ••• "' tj, " •••••• ,"',,. iIIo ••

24·, Eledric motors confuse students.
Please Exp~aln:.."( 1I' •• '1i' •••• " iI~ ••• , •• ,._ .. ".6 •• "' it1l " ••••••• " ••• 10'." ..

.. 'II II '* ,. -t , ,.,. •••••• ail" .. t "." •••• t _"." "" •••••• It'"'''' ,.,~ t _ II IIIfl •• '11".

" :Ii." ' ,,, ~•• a •• " " ""'" Ii ••••• ., .. " " .. " •• t.,." i t;. , " ".._••••••••••• ",,,f >l

1 234 5 6

• ~.••.••• "" '4 CI."·~•

. "' " ,

.11 .•••••••••• ,. ,. ..

123456

• •••• iII., ,·.t .., .
.. · 4 "

1 234 5 6

• '" 01 , •• _ IIi'

............. .1 ...... 1,., ••••• ,.
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APPEND1XB

Questionnaire 2
This is a questlonnnalre, it is NOT A TEST. The information you give is going to be
used for the purposes of reseach study only. PLease give as much information as
possible.

QUESTION 1.
A stationary positive charge, q, is placed near a current carrying conductor C carrying
conventional current I as shown below.

_2 +x
In which direction is the charge q likely to move?
a. In the direction -X
b. ln the direction +X
c. In the direction MY
d. In the direction +Y
e. In the direction ..Z
f. In the direction +Z
g. The charge will not move

(i) tick the correct response
(ll) Choose an option which is likely to be chosen by most students: .
(iii) Explain why you think students will choose that response: ..

QUESTION 2.
A small charged insulator q is placed close to a strong stationary magnet M as shown.



..

-y.---I~-
+y

J.

In w'1ich direction is the charge q likely to move?
a. In the direction ~X
b. 111the direction +X
c. In the direction -Y
d. In the direction +Y
e. In the direction -2
f. In the direction +Z
g. The charge will not move

(i) tick the correct response
(ii) Choose an option which is likely to be chosen br most students: ..
(iii) Explain why you think students will choose that response: ..
•. ",. .. , " t .. -." , •• ,., 11: ,., '" t ,,' .4·' • ..,•.•.••.t •• ,,1 ·•••••••.•• , , ••• ~ ..

1 · ··•••••• _·.11 •••• '· ••.••• ,••••••••.••••• , .t •• " " ,' •• " .••••• e.· .

QUESTION 3.
A magnet, M, is placed next to a magnetic object WI as shown below. It is not known
whether W is a magnet itself or not.

[ s
M w

'~
\
\
!

An attraction is observed. This means that
(a) W is a magnet with its North pole next to the ~..pole of the magnet.
(b) W is a magnet with its South pole next to the N pole of the magnet.
(0) W may not be a magnet.
(d) W is a magn\:jt but we can not know which side is the North or the South pole.

(i) tick the correct response
(it) Choose an option which is likely to be chosen by most students: .... , ..
(iii) Explain why you think students will choose that response: .
Ii " ..... " .... " .. <i-.oO"" *' " .... " •• tit" 11 .. '" •. ,. "' •. 9,,, t ... ·"" II 11>" ~ .~." •• ". ".,. I" " " .. It •• ,." , .. ,,·t,,·t " .. ,,""" 11 ""."',, .. "''' " .. 11"" 1> Ii" .." t. "iII .. "."" """ ... " .... ,," (I t- II·" .... ,,""" ,,"" .. ,. ........ II ... , .....

'ill , , ••••••••••• "iIIi4I"'" " fI ••••••••• t'."'l! •••••• .,." •• "t •••• " , ."' " iii. _••••••••
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QUESTION 4.
Somebody has wo wires; wire A is insulated and wire B is not insulated. He makes an
electromagnet with the wires as shown below.(The wires are wound as solenoids( coil)
around soft iron cores)

Which of the following statement is true?
(a) Both A and B will become magnets.
(b) A will become a magnet and B will not.
(c) B will become a magnet and A will not,
(d) Neither A nor B will become a magnet.

(i) tick the correct response
(it) Choose an option which is likely to be chosen by most students: ..
(iii) Explain why you think students will. choose that response: .
11." ,. ,.:,!I' It ,,_. " ••••••••..••• '.',.t ."•....•••~" 11 · · '••• " •.•••• ~ ".', •••• " •.•.••• """~ •• 1 'I~ •••.• " ••.••• , •• , •. , ••••

.... " ..I.' '.".""'lIt ·•• t •• t~ It , " .••••• " t'.,.. I·'•••.••.•••••••",It ••.It'' ~•.•., .•••••••• , " "'.~..,._ ,·t .

QUESTION 5.
A small charged insulator q is placed close to a VERY LARGE, uncharged(neutrat),
stationary CONDUCTOR C as shown below.

In which direction is the charge q likely to move?
(a) in the direction nX
(b) In the direction +X
(c) In the direction ..Y
(d) In the diret.'tion +Y
(e) In the direction ..Z
(f) In the direction +Z
(9) The charge will not move at all.
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(i) tick the correct response
(ii) Choose an option which is likely to ba Chosenby mosr student$:....... ".
(iii) Explain why you think students will choose that rasponse: ..
.. <i" ", .. " iF '••••••••••••• Ii , •• " ". " •••• , ••• <Ii! " •• ," ,." • 'Hid, " •••• of " lI<oi'j) ••• " 1I.1i •• II!" to." .~ 11''' if IHI

...... III"" •• ft " , •••• ,.w 010 it " ••• AI •• 'It i •••• " • .,II io 0'" .'.,., •• <t ••• "' "''' .-, .. " t , .,

........'- ",~"' .,." .. ,,"' .
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A.PPENDIXC
Questionnaire 3
This is a questionnnaire, it is NOT A TEST. The information you give is gOing to be
used for the perooses of reseach study only. PLease give as much information as
possible.

QUESTION 1.
A stationary positive charge. q, is placed near a current carrying conouctor C carrying
conventional current I as shown below.

1:1,
In which direction is the charge q likely to move?
a. In the direction MA
b. In the direction +X
c. In the direction ...Y
d. In the direction +Y
e. In the direction -Z
f. In the direction +Z
g. The charge will not move

QUESTION 2.
A small charged insulator q is placed close to a strong stationary magnet M as shown.

_x
+2:

In which direction is the charge q likely to move?
a. In the direction -X
b. In the direction +X
C. In the direction ..y
d. In the direction +Y
e. In the direction ..Z
f. In the direction +Z
g. Th~~charge will not move
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QUESTION 3.
A magnet, M, is placed next to a magnetic object W, as shown below. It is not known
whether W is a rnagn~t itself or not.

E_~_<I 1
M w

An attraction is observed. This means that
(8) W is a mflgnet with its North pole next to the N pole of the magnet.
(b) W is a magnet with its South pole next to the N pole of the magnet.
(0) W may not be a magnet.
(d) W is a magnet but we can not know which side is the North or the Sout.h pole.

QUESrrON 4.
Somebody has two wires; wire A i!> Insulated and wire B is not insulated. lie makes an
electromagnet with the wires as shown below.(The wires are wound as solenaids{coil)
around soft iron cores)

Which of the following statement is true?
(a) 80th A and B will become magnets.
(b) A will become a magnet and B will not.
(0) Bwill become a magnet and A will not.
(d) Neither A nor B will become a magnet.

!
I.r

120



In which direction is the charge q likely to move?
(a) In the direotlon ~X
(b) ln the direction +X
(0) In the direction ",Y
(d) In the direction +Y
(e) ln the direction ..Z

! (f) In the direction +Zti (9) The charga will not move at all.

QUESTION 5.
A small charged insulator q is placed close to a VERY LARGE, uncharged(neutral),
stationary CONDUCTOR C as shown below.

c
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APPENDIX D
EXPLANATIONS OF TEACHERS ON SECTION B OF QUESTIONNAIRE 1

I

• I

~!

Statement 1: If there must be a choice between the understanding of concepts,
and facilitating the process of self-discovery *, then the teacher should rather
emphasize the concepts.
12 - Concepts are well emphasised through the use of experiments
T3 - Understanding concepts is better done using experimental method
T4-
T5 p Discovery is the best method of making students appreciate learning science.
T6 ~Emphasis on concepts may at times lead pupils to memorise.
T7 - Emphasing the concepts as a means to try to open the pupils to discover them
themselves actually helps them to better understand these concepts other than when
they are just said out and explained to them.
Ta ..
1'9 - The concepts should be emphasized even in self-discovery can only be limited
by equipment
TIO - This will help students to get better understanding of the subject and also build
interest and confidence in them.
TIl ..More understanding will follow after understanding of concepts.
T12 .. Emphasizing the concepts brings rote learn~l11lgwhile self discovery brings in
concrete learning and adventure in the world of Physics"
T13 - Students believe that the teacher emphasize the most important concepts.
T14 - The concepts can only be facilitated when emphasized and understood.
TIS ..A basic knowledge of the concepts will be always helpful.
T16 - This ia because the pupils will not fully understand and may soon forget.
T17 ~Because it gives that teacher to do more discovery.
1'18 -
T19 ~ The process of self-discovery promotes original thinking and makes young
scientists.
no ...there is lack of equipment for necessary activities and also discovery learning
needs a lot of time.
121 The choice in the presence of material would best to facilitate.
T22 When a student is allowed to discover a concept by himself the retention is
evalasting, that when the concept is emphasized upon.
Catagories:
1. Disagree:
12, T3, 75, T6, 1'12, T13, T16, TI9, T22
2. Agree:
T7, T9, TIO, T11, 114, T1S, 1'20
3. Intention of response uncertain:
T17, '1'21
4. No response;
T4, TS, TIS

122



Statement 2: Because students do not like experiments on the design and use of
permanent magnets a.id electromagnets I simply do not let them do such
experiments,

1'2 ..Students learn better when doing experiments
T3 ~ Because it is through experiments that students learn more effectively and the
way the teacher introduces it.
T4 - They actually enjoy doing experiments.
T5 .. Students like doing expeirments especially with magnets and electromagnets.
T6 .. Youngsters like to learn by experimenting
T7 - Experiments are on their aim, the best was of making the students understand
theory and the concepts invQlved.
T8 - Its not true that sthilents don't like expts
T9 - The students like experiments a lot it could only be that they sometimes do not
have enough time or equnipment,
TIO .. The teacher should try whatever means possible within his capacity to let
students know and accept the importance of these expts,
T! 1 .. In general students seem to have great interest in experiments.
T12 - To get the concept of another mend attracting another is difficult to explain
without 1.\. physical example.
T13 ~Students believe and understand by doing experiments even if they do not like
them.
T14 - Students learn best by doing rather than by being told
TIS.. Students like best experiments on magnetism
T16 - This will not help them. understand the concept; so if they do not like the
experiments 'a teacher has to try and make them more interesting.
T17 ~Because students like playing with magnets and like to do experiments.
TIS - Experiments must be performed by the students with the assistance of the
teachers. It helps the students to catch up the concept easily.
T19 - Students like experiments on magnets and electromagnets.
TJ.O .. Experiments generally form part of learning which interest pupil most and
reinforce their understanding of concepts.
1'21 .. Students enjoyin!! first to play about or after the experiments with materials.
1'22 - This does not make the student self reliant but ties him to the ?
Strings of the teacher. The approach counts most here.

Catagories:

1. Agree:
1'2, T3, T4, 15 , T6~ T7, T8, T9, TIO, 1~11,T12, T13, T14, T1S; T16, T17, TIS,
T19,T20,T21,T22
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Statement 3: A big weakness of discovery activitles" in electromagnetism
is the difficulty in getting the children to come up with the right answers,

1'2 -
T3 - Though I have not done the expts with my students due to lack of equipment I
don't consider the above mentioned as a weakness.
T4 - If the teacher makes sure before hand that the magnets are in good condition,
then it is often not difficelt for the students to come up with the right answer.
T5 .. And also getting the apparatus. which work
T6 ~They may have not understood the concepts clearly.
T7 - If the concepts have not been properly emphasized to them, then they will of
course have difficulty in getting the right answers.
T8 ~
1'9 - If they have had enough experimentation they certainly can come up with correct
answers.
rflO - With close supervision from the teacher, students can be able to overcome such
difficulties.
T11 ...In discovery activities students tend to pay much attention to important points.
T12 - This because the field causing the effect cannot be seen and also the electron
concept is difficult for students to stick to.
T13 - Most of the time they don't trust themselves so it's not easy for them to come
up with the right answer.
T14 .. Discovery activities is recommended since makes students to understand and
creative.
TlS - In such cases the students will be told to repeat the experiments.
T16 ...It is not always the case and even if children fail to come up with right answers,
the teacher will have the task of showing them why they wrong.
T17 - Some can come up with the answer.
TIS ..
T19 .. Children very often make mistakes when they give answers.
T20 - Children do not necessarily need to come with right answers but they need to
be given a strong idea through well designed activities.
1'21 .. The light answers can always be developed from the pupils vague answers.
1'22 - Iterative methods could be introduced and this lead the students to surprises at
his potentials e.g Production of current through HN03 'electroplates the? Electrode.

Catagories:
1. .Disagree:
T3, T4, T9, rIO, Til, T14, T16, T17, no, T21, 122
2. Agree:
T5, T6, T7, T12, TiS, TIS, TI9
3. No response:
1'2, T8, TI8
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Statement 4: Because of the amount of specific information to be taught in
electromagnetism, at least 50% of the course should be given using the
lecture method.
T2 - In the case of lack of apparatus and explanation should be done to reiforce concepts.
T3 ..
T4 .. I believe in making students perform experiments to discover for themselves how
ordinary magnetic materials are made into magnets by passing electricity through them and
also see that they behave like permanent magnets.
T5 .. This topic requires practicals and even use of models to show, say, that field lines are
not on a single plane.
T6 - Students will find it abstract. .
T7 ..It is not good rushing to finish whatever has to b~'offered to these pupils before their
final exanimations, The lecturing method is a disadvantage since they are battling with the
language with understanding the material itself.
T8 -
T9 - This could only depend on individual teacher no. t'1at there is a lot of material to be
taught.
TI0 - Teachers normally use the method of exposition in this branch of Physics because of
lack of sufficient teaching aids.
TIl ~Experience have proved that students are confused in learning electromagnetism.
Practicals and experiments can usually bring more understanding in Physics.
T12 - The specific information in electromagnetism actually needs a practical approach at
most.
T13 .. Students grasp and understand things they do and those they can see happen or touch.
T14 .. Electromagnetism is a practical topic hence 50% lecture method will be a waste of
time since student will not make sense of the taught.
T15 - Always activities and expts, will promote their learning.
T16 ~ This is a purely practical topic and whenever possible lecturing should be kept
minimum.
T17 .. Beouase the topic might be difficult to come out of good answer,
TIS .. Theoretical knowledge is essential to perform the experiments acurately.
T19 .. In electromagnetism it is difficult and also time consuming for a student to discover
ideas by himself.
'1"20 - I think practical methods should be employed.whenever possible, The only reason for
not doing expo Is lack of equipment.
1'21 .. Pupils appreciate the facts as practical bet('1) It demonstrational is going on.
T22 ..Teach a child the way to follow so that when he grows he will not depart from it.
apply this when the students are optimaly developed.
Catagories:
1. Disagree:
T4, T5, T6, T7, TIO, Tll, T12, T13, T14, T1S, T16, 1'20
2. Agree:
T2, T17, TIS, T19
3. Intention of' response uncertain:
T21, T22
4. No response:
T3,1'8,
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Statement 5: A big problem in teaching electromagnetism today is that It is so
expensive to do meaningful laboratory experiments at all levels.

T2 ..
T3 ...
T4 .. Improvised laboratory material can. help solve this problem
T5 .. 1 have found the problem being that the electromagnets are not usually strong enough
T6 - Difficulty in procurement of some equipment
T7 ...1 agree with this because these equipments/apparatus are really expensive
T8 .. I agree but this does not apply to our school bioz ours has a well equipped, fully
equipped lab
T9 ..At case it is possible to do meaningfyl experiments if there is enough equipment
TI0 .. Experiments on electromagnetism are so expensive that schools can't afford.
Authorities should try to provide the necessary equipments or apparatus for such
experiments.
T1l ..There is a lack of apparatus particularly at ease level but Ie level the apparatus is
not that experaive,
TI2 - If the teacher is creative (not just waiting to use only the models equipment) then some
learning can be carried at SO .. 80% level.
TI3 .. At least demonstrations can do a lot to students, so using available materials
experiments can be done.
T14 .. The apparatus use are not available in most schools hence expensive
TIS .. Not so expensive at ordinary level
T16 ~ There are some experiments which used expensive laboratory equipment but most of
them require cheap and easily available materials.
T17 ~ Because many schools have no laboratory and no equipment.
TIS ~To explain simple concepts of electromagnetism we need only few things " coil of
copper wire, strong horse shoe magnet and a galvanometer.
T19 .. Apparatus for expts on electromagnetism can be got at low prices.
1'20 ~ This is because it seem our economy does not allow us to have well equipped
laboratories hence why we cannot do such experiment.
1'21 ~ there must always be excess materials to be present in case of accidents.
T22 .. Improvisation superseeds the cost involced, if any at all. Magnets and magnetic
materials are readily available hence as well as electricity low cost is involved.

Catagories:
1. Disagree:
T4, T5, T9~TI2, TIS, TIS, T16, TI8, T191 1'29, 'T22

2. Agree:
T6, T7, T8, TIO, Ttl, TI4, TI7, 1'21

3. No response:
T2,T3

.126



Statement 6: In performin~Jexperiments in electromagnetism, the best learning is
likely to take place if students are able to work alone.

T2 ...B'lt teacher has to be around to clarify where problems arise
T3 - Because at secondary level their knowledge is too very little regarding the topic
T4 - Working in groups helps students in that it enables them to discuss their observations
and share the often difficult task of drawing conclutlons from observations.
T5 - Not necessarily demonstrations and groupwork can also be effective
T6 - If they are given enough guidance
T1 ...1 agree with this because if they are able to work on their own those they all the
opportunity to adventure into things they might have not had the chance to realise under my
direct control.
T8 They need to discuss
T9 This is so because students should be able to discusses things on their own.
'rIO - ThlC~tiJdent will get full knowledge and understanding of the experiment from his own
observations and conclutions.
TIl - Itbetter for pupils to work in groups during experimental work so that they can share
ideas and knowledge there come up with possibly common strong answer,
T12 .. If you ..the teacher is using the Inquiry approach of teaching Physics, then you the
teacher must be their to encourage the learning take place.
TI3 ..Because they are able to discover some concepts which enable them to understand what
they are doing.
T14 .. Since they will see most of the things by themselves and they will come up with
questions to the teacher.
TIS '"with the assistance of the teachers
T16 '"Students should work under close supervision of the teacher as they may sometimes
try dangerous things.
1'17 ~They need guidance and help where necessary
TIS .. Once they have the theoretical backround, it is advisable.
1'19 ...Most students are more active when they do gl Jupwork. A student does notIike to
stay in lab alone.
1'20 .. Learning in most cases take place effectively in group work discussions.
1'21 ..Pupils will follow all the steps procedures wttheut distruotions.
1'22 - Students must be sparsely supervised and guided to enable the desired results achaived.
Otherwise interpretation of their findings might be impeded

Catagories:
L Disagree:
T3, 14, 15, 18, Til, T19, T20

2. Agree:
TIt T6, T7, T9, TIO, T12, TI3, T14, TIS, T16, T17, TI8, 121~ 122
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Statement 7: When teaching electrcmagnetlsm the teacher must first find out what
Ideas students already have. '

1'2 ...
T3 - To build on - "known to unknown"
T4 .. This will give the teacher an insight as to which areas will require strong emphasis
during his teaching
T5 ..
T6 .. This will be the balse on which they can absorb new ideas
T7 - This makes it easier to the teacher to best present the topic to the students in such a way
that will help them to best understand it(when the teacher already knows their minds)
T8 ..
1'9 ...It is of utmost importance to find how much students already know to avoid boring
them.
TI0 - This will draw the attention of the students to the lesson. The teacher will also know
where exactly to start from. . .
'f1l - Electromagnetism is the topic which builds up on some other concept. Therefore it is
very important :0 know the prerequisite knowledge of the pupils.
T12 This is expected just like you could start teaching "time" as a concept.
T13 You will find that they already have some idea of the use of magnets especially.
T14 Since they will be taught of the known to the unknown
TIS - Previous knowledge should be assessed as far as possible.
T16 ...This will endble him to structure the work in such a way that their misconceptions can
be rectified.
T17 - They may have an idea and lead them to discovery method
T1S ..This helps the teacher to formulate the method for introducing the concept effectively.
T19 .. This helps the students to memorise the idea wltich they may have forgotten. It also
encourages creative thinking.
1'20 ~ This help a teacher to know the level of the pupil and if they have the required
prerequisite knowledge. The teacher can introduce the concept from the right place.
1'21 ~The students ideas can be a basis for modeling to the correct facts.
1'22 .. This will form the bases for an Introducting approach. The basic knowledge of students
in relation to a subject topic ? quick results,

Catagories:
1. Agree:
T3, 1'4. T6, T7, T9, 1'10, T11,. T12, 1'13, 1'11, T12, T13, T14~T15, 1'16, T17,
T18, T19, T20, T2L T22
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Statement 8: StudEmts do not know any thing about electromagnetism, so the
teacher needs to tell them all the basic facts.

\i
1'2 'I.. Ii
T3 " Depends on the back ground and general knowledge of the student
'1'4 .. Idiscovered that students had seen electromagnetism in their everyday lives but did not
know that it was electromagnetism
T5 - At COSC~ students alt~dy have some idea about electromagnetism
T6 - This again gives viabl~\foundation
T7 - Telling then the bast" facts actually helps in building a strong foundation of
electromagnetism which will ~~lP them to best understand follow the following presentation
of the ton. ie \ "

r. \'\
T8.. \\
T9 .. This depends on the backro\'lld of the students not thas they do not know
TlO .. Students know something a\\put the subject but they may not be aware of that fact.
!Few examples and applications wil}.\pelp.
T1l .. It is not necessarily the case th\\t they do not anything e.g, ? students are familiar with
action of magnets on other materials \\
T12 " Teaching electromagnetism is not unique from other topics in Physics. Students, when
asked leading questions can establish their own basic facts needed.
T13 .. Students become. aware of the things concerning electromagnetism if they are told of
the basic concepts.
T14 .. The concepts should be understood so that facilitating can be easy
TiS .. They know. What is needed is an introduction for recollection.
T16 .. Students need not be told everything as they may find somethings for themselve~\ if
given a chance. v.

T17 .. Because the;' have done this topic at lower level.
TIS -
T19 .. They know many basic facts.
''.('20 .. This fact should be reinforced by experiments ',':here possible.
1'21 .. To start the students to experiment the facts.
1'22 .. This is indeed acceptable. By given them the basic facts they are equipped to research
and enrich their knowledge further.

Catagories:
1. Disagree:
T3, T4, T5, T9, TI0, rn. T12, T15, T16, T17, T19, no

I

• 1
I

Z. Agree:
T6, TI, 1'13, T14, 1'21, 1'22

I
1.\

, I
)
i

3. No response;
T4, T8, T18

I» .
!
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Statement 9: Electromagnetism is the most difficult subject in Physics, and the most
difficult to teach.

T2 ..Nuclear physics is more difficult.
T3 ..Due to lack of equipment and limited syllabus .. careful not to go beyoM th~ expected.
'T'4 .. I think its easy because it can be shown with simple materials, e.g. a tot'~h cell, a wire
and a small compass.
T5 - It is intact facinating to students.
T6 .. Most teachers find it abstract
T7 .. It is not necessarily the most difficult in physics, though no that easy, to relate it to
pupils because of the depth with which one has to go into it to get the concepts.
T8 ..
1'9 .. The only difficult part is the induced magnet/electricity because it is abstract.
TI0 ..The topic seems abstract to students at first but students tend to love it and consider
it the easiest in the. end.
TIl .. It is not necessarily that it is difficult but the its mostly that there Is inadequate
teaching aids for the topic.
T12 .. It becomes only difficult if the teacher is doing it without required equipment.
T13 .. Because a lot of experiments which can be easily (lone enable thl\ teacher to pass
concepts to them.
T14 ~Not really but teachers have that believe that the subject is difficult hence make them
teachin a difficult manner.
T1S ..There are more difficult topics viz radioactivity, electronics, etc.
T16 - With adequate equipment, electromagnetism can be fun and is not necessarily the most
difficult to teach.
T17 w Because it depends on the availability of equipments.
T1S - It is not difficult to teach if you have proper lab. facilities.
T19 .. A students has to think well to understand the concepts. Many students find it hart to
understand the laws of e.m, induction.
'1'20 ..This ia because there is no equipment to perform necessary experiments to make pupils
see and believe what they are told.
1'21 .. Illustrattive experiments always simplify the teaching process.
'1'22 .. This is absolutely not a fact. At C.Q.S.C. it does not follow. If in terms of
spectrometer basic natural concepts could be employed to facilitate this.

Catagories:
1. Disagree:
T2, T4, TS, T7'1T9, TIO, T13~TIS, T16, TIS, T2l, 1'22

2. Agree:
T3, T6, rn, T12, T14, T17, T19, 1'20
3. No response:
T8

I
I,
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Statement 10: Experiments help students to better understand electromagnetic
concepts such as 'rnaqnetlc field' and 'magnetic induction'.

T2 -
T:3 ~ Through experience
T4 ~
T5 - Wit~ (magnetic field' even models are helpful
T6 - They learn from what they see.
T7 - Even though we don't perform experiments at this school because of inadequate
facilities, experiments do help students understand concepts.
T8 ~
1'9 ~They can never be understood if they have never been seen.
T10 - Experiments make students g~t those physical concepts which seem so abstract and
imaginitive.
1'11 - This are rather abstract concepts which without aid of experiment its very difficult for
students grasp the concepts.
1'12 • This is because its easy to visualise the tWQ;:concepts on paper as well as instruments
u~. i
1'13 - Because students start to compare the magnetic field of the permanent magnets and
electromagnetic field.
1'14 - Since they see most of the things during their practicals,
T15 - Only through experiments they can find it themselves.
T16 - These concepts do not exist in our culture so without experiments students may not
understand nor belief.
T17 ,. What the students have done is not easy to forget.
T18 ,.Cutting the magnetic lines of force will produce all emf and this process is called e.m,
induction. Therefore students will get the idea about both the concepts.
T19 - Concepts such as mag. field and mag, induction are easily understood when they are
demonstrated.
T20 ,.These are concepts that pupils cannot imagine or see around hence why an experiment
can reinforce the understanding.
T21 ,. Vis sible results with iron filings make the concepts easily understood.
T22 ,. Yes indeed. What the eyes see is retained in the brain for a longer time than what is
heard with the eats.

Categories:
1. Agree:
T3, T5, T6, T7, T9, TIO, ru, TI2, T13, T14, TIS, T16, T17, TIS, ris, no,
T2l, T22

2. No response:
T2, T4, T8
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Statement 11: Students understand the difference between the 'electric' and
'maqnetlc' fields,

T2 ..
T3 ~
T4 - Its very hard to explain
T5 -
T6 ..Mostly they confuse the two
T7 - They slightly confuse the two and it does take them time to make a difference.
T8 ..
1'9 ..This are not vissible so they are not very clearly demonstrable
T10 - Experimentally the effects of these fields are understood by students. Students know
their existence and how differently they function.
TIl - Students tended to confuse the concepts. In fact they interchange them without reasons
in most cases.
T12 • Before we normally look at Magnetic fields, the idea of electric charges having an
attraction among themselves, nature are looked at. Nature of their fields discussed,
T13 .. Because the properties of electric field enable the students to realise that electric field
is due to current.
T14 - Not all students see the difference between the two.
TIS M Through experiments they discover.
T16 - It is not always the case.
T17 ...Not all students can understand this difference.
T18 ..
T19 ~Most students understand mag. field. But they cannot understand electric fields.
T20 - The terms themselves are self-explanatory and if explained well students should not
have problems in understanding the two. Electric implies charges in contrast with magnetic,
'1'21 .. The causes (source) quite different except the pattens may look alike.
122 ...It indeed poses a strong confussion when these two fields are introduced but with time
and through explanations as well as emphasis on direction pf flows. This is over(?)

Categories:
1. Disagree:
T6, T7, T9, T11, T13, T14, T16, T17, T19, T22

2. Agree:
TIO. T12, 1'20, 1'21

3. Intention of response uncertain:
T4, TIS

4. No response:
T2, T3, TS, T8, TIS

p
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Statement 12: It is impossible to demonstrate the factors affecting the magnitude
of the emf induced in electromagnetic induction.

T2 -
T3 .. Lack of needed equipment.
T4 .. All it requires is the right apparatus and correct method(s).
TS • It is difficult to get magnets of different strengths. Also to move the coil at different
speeds in the field and detect the current.
T6 - The apparatus which can be used is simple.
T7 ~ It is easy to arrange such an experiment especially at High school level.
T8 -
T9 - They can even be discoved by the students themselves, not necessary that they should
be demonstrated.
TIO - The effeets of these factors can be proved experimentally to the full understanding and
acceptance of students. •
TIl - It is not that impossible as doing as required materials for demon ~tration are
available{but inmost cases they are not enough).
TI2 .. By using a solinotd, Magnets, a galvanometer the factors are vividly observed by
students.
TI3 .. Because factors affecting the magnitude cannot be seen or be demonstrated.
T14 - No impossible but something difficult, they can be demonstrated.
TIS .. It is possible with the help of right instruments.
1'16 .. Sometimes.
T17 - There are some experiments that can be demonstrated to show this.
'r18 - It is not impossible » for e.g. increase the no. of turns of coil, use a powerfull magnet,
insert the magnet with more quickly will help to show the above idea.
T19 - It is easy to demonstrate the factors provided we have coils of wire and magnets and
g.meter,
T20 .. 'With well designed activities and suitable apparatus effective demonstrations could be
done.
'1'21 • Materials and equipmentsare available
T22 ..Since the parameters for measuring e.m.f. are there in the labs it is not difficult.except
for ill equipped schools.

,''''~\
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Catagories:
1~ Disagree:
T6, TI, T9, TI0, T11, T12, T14, TIS, T17, T18, T19, 1'20, T21, T22

2. Agree:
T3, T4, T5, T13, T16,

3. No response:
T2, T8,
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Statement 13: Students understand the concept of the magnetic field.

1'2 -
T3 - Through experiment done by them
T4 ...It can easily be shown using a permanent magnet and iron filings.
TS -
T6 .. Some find it as something in heaven.
T7 .,.They slightly understand this concept.
T8 -
1'9 - This one can be understood as the effects of its presence are clear.
TIO .. Students appreciate the existence of magnetic field and how it functions.
TIl M Students seemed to understand by aid of experiment and their informal knowledge of
action of magnets.
T12 .,.Especially when looking at magnets behaviour
T13 .. Since magnet are easily found so it's easy for them to understand.
T14 - Not all will understand it at a go but they need basics.
TIS - To some extend.
T16 .. With sufficient experiments students wi1l understand the concept of magnetic field.
T17 - They have done this experiment at lower levels.
TI8 .. Concepts of the magnetic field is the basic idea which needs to explain e.m, induction.
Besides that it is a very simple concept in magnetism.
T19 - Since mag. fields can be demonstrated.
no ..This is because magnetic field can be defined with words clearly.
1'21 ..Force through invlssible but its effects are very noticable eg attraction of iroi, fillings,
1'22 .. Very well, as the region within which a magnetic influence is felt.

Catagories:
1. Disagree:
To, T~4

2. Agree:
T3, T4; T7, T9, TI0, Tll, T12, T13, TIS, T16. T17, T18, T19, no, 121, 1'22
3. No. response:
T2,TS,T8
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Statement 14: Electromagnetic induction can best be understood by students if
teachers use demonstrations in their lessons.

T2 ~ Applicable in the case where apparatus are few, but students should do experiments.
T3 .. experienced.
T4 - In situations where materials are hard to find, demonstrations call be used. But! believe
guided experiments are the best.
T5 ...
T6 ..Demonstrations with equipment
1"7 - Pupils can better understand the concepts if they art demontrated to them when
possible.
Tn ..
1'9 .. In addition to this the students should do some experiments on their own.
TIO - Some of the concepts are not easy to explain to the understanding of the students
through mere demonstrations without experiments.
TIl u Some students may not understand the underlying concepts baeause demonstrations are
done in too big groups.
T12 ..This bacause there are facts which cannot be just comprehended by students by belief
but by seeing.
T13 ..Demonstrations enable the students to figure out what is going on so teaching becomes
easy.
T14 - Demonstrations in Physics put forth the best understanding of topic not only
electromagnetic.
1"15 - Demonstrations and activities will help.
T16 .. In the case whereby the equipmen! is scarce demonstrations can work provided the
teacher involves them as n1U({ I. as possible.
T17 - Experiments help stucF!lIS to understand better
TIS .. If teachers demonstrate the expt defenetely it helps the students, but if the students
perform it by themselves it helps them far better understanding.
T19 .. Students are fascinated by the idea that electricity can be got without a cell 01' battery.
1'20 .. This is because demonstration is the best teaching method which gives pupils a chance
to observe hence improve their understanding.
T2l ~ Precise to the point and no waisting of a lot time
'1'22 - Yes demonstrations opens way to activate the students apertite to the lesson as well as
the topic in question.

Catagoriea:
1. Disagree:
TIO, TIl

1
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2. Agree:
T2, T4, T6, T7, T9, T12~TI3, T14, TIS, T16, T17, TI8, TI9, T20, rat, T22

3. No response:
T3, T5, T8
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Statement 15: For students to understand the concept of the magnetic field 'they
must understand Fleming's rules.

T2 - In order to determine direction of force, field and current.
T3 ~ Can be shown through other relevant experiments.
T4 .. 1 think they ought to learn about magnetic field before learning Fleming's rules.
TS .. Flemings rules deal with the motor or generator. Magnetic field is a property of
magnets anytime.
T6 ..
T7 ..
TS .•
T9 - The magnetic field can be understood very clearly without these rules at High school
level.
1'10 - This will throw light on the subject but the teacher could also make them understand
the concept through other ways. .
TIl .. In connection with electric cltt:ents Fleming1s rule are very helpful as these is no
formula for concluding or SOrt. ·~ing
Tl2. - Fleming's rules are st ""'ica.tionsof magnetic field
TIS - Fleming's hand rule i~ " '''v~if the concepts are known already.
T14 .. If the nnes are undersn .~~ 111 understood.
TIS .. Always the niles are very· ..~:"'J
TI6 - Not necessarily ,
T17 ...
TIS .. It helps them to understand the conter·'.,=,-to magnetic field clearly j since it tells about
the direction of mag. field. .
T19 .. Mag. fields can be derronstrated with the h..'lp of iron nings or compass needles.
1'29 .. The rules help to determine the directions in eleetromag. etic induction. Direction of
current or field say, so it does not interact with the learning of magnetic field.
'1'21 .. The rules are to guide to understand the concepts but not the other way round.
1'22 - This is absolutely correct, demonstration with the left and right hand rules paves way
for their understanding.

Categories:
1. Disagree:
T3, T4, T5, 19, TI0; T12, T13, T16, T19

2. Agree:
12, TIl, T14, TIS, T18, '1'21,T22

3. No respnnsee
T6, T7, rs, T17

136



Statement 16: Distinguishing between the magnetic properties of iron and of steel
is easy for stucents,

Catagories:
1. Disagree:
TIl, T12, T16, T18

2. Agree:
T3, T4, T6, TIt 19, TIO, TIS, '1'14, T1S, 1'17, '1'19, nOt T21~122-

:~ 3. No response:
• It T2, T5, 1'8,

:1
I

T2-
1'3 - Because it can be shown through experiments
T4 - Easy to demonstrate
TS -
T6 - Bquipments used is simple for them
1:1 - It is made easy by the demonstration done in distringuishing between the two
TS ...
1'9 ...This is very easy with experimentation or demonstration and by being told.
TIO - Through siniple experiments students easily understand and appreciate the distinction
between the two.
TIl .. Some students tend to confuse them.
T12 ...Students tend to think that Iron is the same as steel. Thus due to their prior knowledge
of Iron extraction and how steel is made.
T13 = If and only if they know that iron and steel are metal of different material.
T14 ...Since students will be knowing the di{ rce between iron and steel.
T1S - They do the activities right from the )b.Iior level.
T16 .. Sometimes it is not so easy for them to understand.
T17 .. For iron because it shows better properties.
TIS .. It is not quite easy ..Most of the students think that there is no difference between iron
and steel.
T19 .. Since this can be taught with the help of iron filings.
1'20 .. This is under the condition that there is a use of a simple activity to reinforce the
understanding.
1'21 - They are materials of the same nature except for retmnti::>npower of magnetism.
1'22 .. At senior levels it is not a problem because the percentage of carbon in both iron and
steel gives them easy access to their differences in properties.
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Statement 17: Having fun or structured play with magnets in Physics lessons is a
waste of time.

T2 .. Because students are able to discover many concepts.
T3 ..Because that would mean least. exposure to the discovery of stddents.
T4 ~ Students learn more this way.
TS M

T6 Playing does help students to learn.
T7 It is not a waste of time since this make students learn more about magnets.
'f8 -
1'9 • In most cases students understand things better if they have had time to play with such
ideas.
Ti0 - Constructive fun or structured play will help make students understand the lessons.
Ttl - This is the most important part of learning as what one does is not easy to forget.
Tl2 .. If it is on discovery of some facts then its necessary.
T13 .. Students know what they have done than what they are to:o of.
T14 - Students learn best when having fun with the topics.
TIS - It will create more interest in them if we have some fun to.
T16 .. This will promote the students interest While they are also learning,
T17 ..Because magnets are useful in our lives Physics is a good subject. :
TI8 - It is not a waste of time provided that if you have enough time to spend.
T19 .. It is nota waste of time. It creates a deep liking for subjects.
no ..NIA since I have never taught or carried out such activities.
T21 - Discoveries are sometimes made accidentally or while having fun.
1'22 ..When you organise a structured play or fun students easily adapts and understands
faster as well as retain all they have learnt in the process.

Categories:
1. Disagree:
T2, T3, T4, T6,1i, T9, TIO, 'I'll, Ti2; T13, T14; T15, TI6, T17, T18, TI9,
1'21,"'£22

2. No response:
TS, T8, 1'20
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Statemant 18: One of the things that make the concepts of' 'magnetic' and
'electric' fields so difficult is the absenceof formulae to explain them at Ordinary
Level Physics.

T2 w

T3 .. Formular is brought by/from knowledge of the theory.
T4 -
TS - We don't need formulae to explain concepts. We use formulae to apply concepts.
T6 - Formulae may help to enhance the understanding from experiments
T7 w I agree with the fact that it is not easy to understand these concepts at ordinary level
eventhough the absence of formulae is not necessarily a factor.
TS -
T9 - The formulae do not make things clear they only help in calculations. So the problem
is experimenting.
T10 - Formulae are really not available but with the help of experiments examples and
applications students can understand.
Ttl - The concepts tend to sound more theoretical than practically to some extend.
Tt2 ..It is because of the confusion of the sources of magnetic and electric fields.
T13 .. Students believe that dealing with physics means dealing with formulae.
T14 - Formulae are there but difficult to understand at the level stated.
TIS .. Some simple formulae will be always helpful
T16 - Not necessarily
T17 ~Because formulae can be discoved by using experiments.
T1S - In O-level Physics we are not going to the concepts much deeper.
T19 - They can be explained without formulae.
'"no ...N/A
1'21 ~Stating of the facts seem to be abstract without relationship.
T2.2 ...If one is Inovadve, nothing is difficult. Formulae could be invented, a thorough
knowledge of the basics are necessary and it does solve the problem.

Catagories:
1~ Disagree:
T3, 1'5, T7, rs, T12, T14, rIb, T17, T19

2. Agree:
T6, 1'10, rn, 1'13, T15, 121, T22

\'
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3. No response:
T2,T4,T8,T20
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Statement 19: My students enjoy doing practtcats on a. c. generators.

T2 w Not sure because we don't have apparatuse
T3 ~ 1 do not know - never done - lack of equipment
T4 - I have had to do demonstartions in this topic due to lack of apparatus.
T5 - I think they would enjoy that if they had the chance - We did not have strong magnets
and sensitive galvanometer.
T6 ~They find them as attractive machines.
T1 - Refer to 10
T8 ..
T9 .. Students enjoy doing experiments on everything provided there is enough equipment.
T10 .. They are excited to know that such simple experiment can lead to the production of
electricity.
'fl1 ~ There was lack of equipment, and this was difficult to make students to understand.
TI2 .. This because they are kept on the alert by the way the e.rn.f; causes the pointer of
galvanometer to deflect.
T13 - Because they are supposed. of how a.c, can be used !o do a certain job.
TI4 - Since they practice that has been lectured.
T1.5 .. It is a difficult expt to perform at ordinary level.
T16 .. N/A
T17 .. Some are afraid of electricity being choked.
TIS - Not all but some.
T19 .. No comment. I do not give practicals on generators.
1'20 ..N/A
1'21 .. Without oscilloscope the A.C. properties can not be seen. May be difficult to
appreciate on (Motors).
1'22 .~They do not always enjoy it but about 70% of the students have intentions to further
in science enjoy it especially the club members.

Catagories:
1. Disagree:
T2, T3, T4, T5, T6~ T7, T9, TIO, ru, T12, T13, T14, TIS, T19, T21, T22

2. Agree:
T15, T17

3. No response:
T8, T16, no\'

\
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Statement 20: The transformer is the most djfficult topic to teach in
electromagnetism.

r2 ~
T3 .. Easy to understand even without practical
T4 - Simple hand ..made transformers can solve this problem,
T5 - The problem is that a simple transformer made in our laboratory did not seem to work.
T6 ~Most teachers do use it.
T7 - It is not easy fur the pupils to understand the steping up and down of the transformer
and this makes it not that easy to teach.
T8 -
T9 - It is difficult because this emf on the secondary coil is induced and it is hard to
understand.
TI0 ...It is rather the easiest topic. Students easily understand the concepts and the
calculations involved.
'fl1 '"Most of my students showed enough understanding in transformers,
T12 ~ It is easy because there are many physical situations the transformers are used.
T13 .. Students take'S time to understand the difference between d.c, and a.c, so this makes
transformers difficult.
T14 .. If electromagnetism is understood there is no way .students can fail to understand
transformers.
T15 .. The students understand it better.
T16 - Sometimes students find it difficult to understand especially because we never do
practicals on transformers.
T17 - Because it needs a clear explanation and practlcals to understand.
T18 ...
'f19 - The most difficult topics are A.C. and D.C. If a student has understood A.C. he can
easily understand transformer.
TIO - As interesting as it is, the topic is not difficult especially if it is taught to pupils with
a good background in electromagnetic induction.
T21 ..
T22 - The transformer is the easiest tOPIC to teach in Physics as a whole. The teachers
capability is tested here.

I .

Catagories:
1. Disagree:
T.3, T4, 1'10, Tll, T12, T14, T15, T19, T20, 1'22

2. Agree:
T7, T9, T13, T16, T17

3. Intention of response uncertain:
T5,T6

4. No response:
T2, T8, T18, T21
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Statement 21: There is really a need for students to master all the formulae in
electromagnetism because it is difficult to learn Physics without mastering such
formulae.

T2 .. Formulae display relationship between quanties very easily.
1'3 - Because I do not understand how formulae is connected to mastering a subject.
'f4 ~
1'5 .. Electromagnetism formulae are not necessary for studying all Physics.
1'6 .. Not necessary to teach it using formulae
T7 .. Formulae are basically sumaries of the concepts dealt wit; in a topic so understanding
them actually m~'kes it easier for one to understand the topic.
TS -
T9 - The students should master the concepts. not formulae.
1'10 - Formulae or mathematical calculations throw more light on physics problems and
hence should be mastered.
1'11 - Formulae and theories work 'hand In' glove.
1'12 - All Physics concepts are not only based on formulae of electromagnetism.
1'13 - Students may master the formulae without knowing what they are doing or looking for.
1'14 - There are some that can be mastered by students without formulae mastering 100%
1'15 •.Formulae are always required but to understand their concepts formulae is not a must.
T16 .. Physics is all about formulae and using them.
T17 .. Because the students like using them lasy to discover them.
TIS .~),.
T19 - Ph:vp~:scan be understoot; without formulae.
1'20 .. IJ.llink understanding the physical phenomena is more important so that pupils can use
the formulae meaningfully.
1'21 " Eq'lations help to remember the f8.ctors involved and how they are related.
1'22 - Many formulae in physics are interrelated hence should they know the basic concepts
it will be easier for them to derive the rest of it from there.

Categories:
1. Disagree:
T3, TS, T6~T9, T12, T13, T14~TIS, T17, T19, no
2. Agree:
T2, T7, TlO, ru, T16, T21, T22

I
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3. No response:
T4, T8, TI8



Statement 22: It is not advisable to allow students to do practlcals on transformers
because transformers are very dangerous to work with.

T2 - It is better be handled by the teacher for fear of high voltages that may result.
"r3 ~ Because teachers wide knowledge of dangers can provide a safe surrounding.
T4 - Lab transformers are not dangerous to work with
T5 - Bspecially step - up transformers. Demonst ations are adequate,
T6 - They are not dangerous students should first be shown how it works.
T7 ~ If transformers are mishandled during the experiments they can harm the students
because of their effect on the voltage of the current.
TS ..
1'9 .. If it is a small transformer there should be no problem. So they can make their own
transformer.
TI0 .. With the close supervision of the teacher students can safely perform such practicals.
T1l - Demonstration should be prefered here.
T12 .. Transformers which are expected to be used for experiments at this level of Physics
are of low a.c input and definitely also output.
T13 .. Transformers are not dangerous but the voltage which the supply is providing r;. the
one which is dangerous.
T14 - Since students like to touch hence they may injure themselves if not cause death.
TIS ~ Not very dangerous as we can help them and be with them.
T16 .. They can increase or lower the voltage therefore not a good idea to allow students to
do these practicals,
T17 .. Afraid of being choked. They can just be shown and explained to them. Voltage is
very high
T1S - Simple transformers are not dangerous, even the students can design of.
T19 ...Transformers are sometimes dangerous.
'.f20 - Especially if high voltages are involved.
T2l .. Most O'level physics experiments do not need very high voltages.
T22 .. When very high KVA's are in use they are not expected to carry out experiments here
but for any type of transformer with very low voltages. There are no hazards.

Catagories:
1. Disagree:
T3, T4, T6) 1'9, TI01 T12, T13, TlS, T18, 121, 122

2. Agree:
T2, T5, T7, Ttl, T14, T16, T17, T19, 120

3. No response:
T8
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Statement 23: Because it may not be possible to do experiments with transformers,
the equation Vt/V" ::::::Np/N_ should just be given to studentslwhere Np is the
number of turns on primary coil, N. the number of turns on secondary coil, Vp is
the voltage(pd) across the primary coil, V'1Iis the voltage across the secondary coil).

1'2-
T3 - It depends
T4 ...
T5 - They have almost always understood it especiallywhen they are comfortable with radios
from maths lessons.
T6 .. If transformers are not available
T7 • Through explanation has to proceed the giving of the equation so that they should
understand all what they means.
T8 ...
T9 - Just giving the equation will lead to memorizing not understanding so experimenting is
still the best method.
TIO - Physics students should be able to do such calculations and they should know the
formula even if they don't go through the experiment.
TIl .. It is possible to do experiments using coil of different turns. That is students should
not necessarily be only given formulae.
T12 ...There are already build transformers of various turn ratio and even simple ones can
be made to simplify the formula
T13 - At least an understanding is required for the student to accept the equation.
T14 .. It is possible to some practicals if there are apparatus,
TIS " The same as above(22)
T16 ...
T17 ~Because it is a difficult topic in physics
TIS N Without th~~basic ideas about the transformers will give the students confusion,
TI9 - Transformers are expensive and also they get damaged very often.
1'20 ~With a well prepared lecture method the concept can be learned very well.
1'21 - Experimental set-ups even help to make students appreciate efficiency of it.
T22 - The formula is a basic one, for a transformer that does not waste power) what about
where voltage has to be compansated for or reduced. The formula is not enough.

1.,,

.-~

Catagories:
1. Disagree:
T9, Til, T12, T14~T1S, 1'21, T22

2. Agree:
T5, T6, TI, TIO, T13, T17, T1S, T19, T20
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3. Intention nf response uncertain:
T3
4. No response:
T2J T4, T8, Ttl;
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Statement 24: Electric motors confuse students

T2 ...More especially if they cannot distiguish concepts of a.c, generator well.
T3 - Not done,
T4 - It requires good explaining.
TS ..Especially if they have not understood electromagnetic induction. They confuse the two
fleming rules.
16 ...Simple apparatus
T7 ~ The concept of electric motor under d.o. current is not that easy to gra!)p for these
students.
T8 -
1'9 • This could be because they not very available to dismentle so that students can actually
see them.
TlO - Students find it a bit difficult to understand the concept of electric motors but. with the
help of experiment they overcome the problem.
TIl ~Too many underlying concepts, lack of teaching equipment.
T12 - There is a tendency for students to a.c generators as if they are also motors.
T13 - Because it's not easy tor them to accept that motors -equlres electric current,
T14 - Some may be confused if they did not understand elec!..1'icityand its concepts.
·tiS ..They enjoy the expts on electric motors.
T16 ...Students sometimes find it difficult to understand how the electric motor works.
T17 - This can be shown to students or demonstrate.
TIS ..
T19 Q The theoretical concepts of electric motor confuse students.
'1'20 ...This is ill it ease where there are no apparatus to help students see what is really
happening,
'01 ..The make up of mators are the same as dynamo only initial energy supplied and final
energy obtained may confuse the students.
T2t ...With thorough basic background on A.C. and D.C.'s motors the student is at safely
to watch whatever is requited in uelectrie motors

Catagories:
1. Disagree:
T6, TIS, T17, T22

2. Agree:
1'2, T4, T5, TI, 1'9, TI0, rn, T12, T13t T14, 116, T19, no, T2l
3. No response:
T3,t8
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