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ABSTRACT

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

~ about Physics and Physics teaching and their awareness of students alternatlve__.
cnnceptlons. ' " ' '

Tha studv used ’three quest:onna:rea as its rasaarch taols. The f:rst quastmnnalra -

investinated ba!iefs of - teachars. abau‘t Physics concepts, partijcuiariy _

_eiactmmagnlatnsm, and the teaching of those concepts. An ‘index of agréema’nt’

- was calculated io determine the tendency of responses. The second question naiq’e .
~investigated teachers’ awaraness of studen‘cs aiternative conceptions, while the |
third investlgated students’ altarnatlve conceptmns. Teachers’ predictnans are
| 'compareu with the stuﬂants‘ answers. . o

. The study shcws suma taachers havmg behefs whlch can ha grnuped mto two

catagnnes, namely coms'tructwists and empiricists. There is hnwe\fer no clear_ |

- separation between the twn categorles, The study also shows that some taachers_ '

~ are not aware of studentss’ alternative conceptlons, whlie sorne teachers had tha'- :
- same silternative concenstfons as students. S
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CHAFTER 1
BAGKGRGUND TO THE STUDY
1.1 General Introdunﬂon

1.1.1 Introductlon _ o o
" Over the last few decades there has been a naticeable Iack of scientists,
technolng;sts and science - teachars and yet: there has been an increase in _

enrolment both at the primary zand secondary_gchools (Lewin, 1992; Stoll,

1 994) This situation has been more. 'notéble in 'davelnplng countries t'ha'n in.

 developed ones. On. the other hand there has been a strong naad for. science— o

based manpower both in the private and govarnimental ssctors in developing_
couniries {Stoll, 1994}, The lack of science teachers has ied to less qualified
teachers taking over In teaching science subjects. This has led to fewer
stt_l_;!é._nt-s taking science because sciences came to be understood as d_lffidﬂlt_._ )
Stoli (1994) argues that ‘...the appeal of the teacher'profession alsu declined,

- resulting in weaker students entering teachor education programs.’ Research

has been done to study the nature of the probiem in terms of investigating the'
kind of knowledge teachers hoid (Rellnick and Rutherford, 1990}, and the
strategles teachers smploy, and 1o seek to find possible 'remédiazio_n- ._St'rategias _
that can address those Identified alternative conceptions (Rollnick and
Ruthetford, 1993). | | | | -

This study adopts the constructivist theory of learning as its fundamen-tal'
framework, Thé study is based in Lesotho. Thus the educational background,
particularly of Sglence Education and t_ea'cher' training, in Lesotho is discussed in
Chapter 1. The constructivist theory is reviewed in Chapter 2 where the idea of
alternative conceptions is dis-cussed togather with the issue of tBaChars’.bel'iéfs. _
The constructivist framework Is used to develop a research tool which is
discussed in Chapter 3. Chapters 4and 5 deal with the analysis'of the re#aarch
results and Chapter 6 discusses conclusions and recommendations, |




1.1.2 Airns_

The study of alternatwe conceptlons is more often dirscted towards a daaper -
 understanding of internal and external factors that affect the iearrung and/or o

understanding of Sclmce concepts._ The study mveals the presence of

praconceptions, some of which can be shown fc be upscientific.. It has &
'w.potential for revealin_g how students’ knowledgg is organised and, tharefore,
| whét-the' content of instmétipn intended to change it ought to be.” _(Dy'k-stra; )
" Boyle, Monharch {1992)). The present studv racngnisas the existence of
~ alternative congeptions as shown by other researchers in different arsas of |
Physics, partlcularly in electromagnetism. The question that is then crucial to
answer is what factors cant«rlbute towards the formation of these. altarnative |

conceptions. The aim of this study is to investigata teachers’ thmking, both
about their subject (in thls case Physlcs) and their students. - '

1 1.3 Ratlonale

There are many’ reasons for researching alternative conceptlons. Over the last .

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

and_ pos‘siblé ramediation, -hés_ bean cjbns. ~ However the “area of
electromagnetism, which is most important in Physics, has not received much
attention, The researcher tomes 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 -

arga 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, hopefully, alert teachers about the existence of alternative -

conceptions and their possible effects towards the teaching and/or léam‘ihg
process. it may also encourage teachers to choose teaching strategies that are
in agreement with the consiructivist theory of learning.




1.1.4 Statament of the problam _
 Studies done on aiternative conceptions in Physics reveal that students hald a
- wide ran_ga of conceptions that are not scientifically accepted. Thev also show
that these alternative canceptions occur world wide. Gilbert, 'Osbur_na and
Fensham-'t‘lss'zl have shown that teaching which does not take these _ |
conceptions into account can end up with undesired outcomes. Therefors

awareness of alternative conceptions should be critical in determining the

strategles teachers employ In their teaching, Hewson and Hewson {1987)
pointed out that ‘.. .resaarch into teacher thihking points to the importa'ncé of
'understandmg the relationship between how teachers think and what they do.’

| Te_achers’_ beliefs about Physics and its pedagogy. and the strategles used in-
teaching, are suppased m have contributed to these unscientlfrc ideas held by
students. This research wark addresses th:s probiam, with particuiar fncus on
etactramagnetism. S

1.1.6 Research questsons _

The research questions that will be addressed in this study are the follawmg' |

iy What belicfs about Physics and Physics teaching do high school
taacherS, In  Lesotho, - have especially about the teaching of
elgctromagnetism toplcs téu‘ght at high schools? ' :

{if)l What strategles do teachers employ to +teach concepts of -
electromagnetism? and

(i)  Are teachers in high schools, in Lesotho, aware of students’ alternative

- congeptions? ' ' o

+.2 Backgfou'nd to Secondary Education in Lesotho

1.2.1 Introduction |

This study investigates teachers’ thinking by looking at their beliefs about their
teaching and the conceptions which their students have. Such an endeavour
requires the researcher to first look at the general educational background of

3




thasa'teachers' and the kind of Sclence Education they received. This is dcmé '
with the raalizatnon that teachers antering their training prcgrammes de so with
speciﬂc conceptions aonceming teaching {Weinstein, - 1990).  Henge the
discussion of the general educatmn in Lesotho and more speamflcallv Seience -
Education at the secondary level. The way teachars percelve their sul:uec? and

the manner in whrch they teach may be mﬂuenced by the kmd of trainiﬂg thay N

receive. For that reason the teacher traming programmes in Lesotha is worth _
discusslng in some detail, | |

| 1.2 2 Genaral Educatmnal Backgrouml in Lesutho
Schooling in Lesothu is divided into three levels, namelv primam ssccndarv,"
and tertiary. The Ministry of Educatmn (MOQE, . 1994) quotes the national goals
' far the primary level, which Iasts for seven years, 10 inciude the fnlicwing.

- ¥ - ensure permanent and functional litaragy in $esotha‘ English, and basio .'

numeracy as a function: for further learning and offective learning; |

*  help learners understand, appreciate and conserve thelr local natlonal-

_ anvimnment as weil as to be aware of environmental interactions; |

L encouraga loarnars o mvestlgata and think for themselves and to tast

hypothesas as waell as to review their assumpnons, thus laylng a
foundation for scaent:ﬂc thinking.

The medium of Instruction at primary schaols is Sesotho' for lower classes, that
is, from class one up to class thrae,'and then English for upper classes, class
four to class seven {MOE, 19856), Howaver even at the upper classes taachars '
tend to use h.zth Sesotho and English,

At this level, therefore, pupils are introduced to the school e_nvironment'a_nd also
to the subjects they vill meet at secondary level.

At the end of these first seven years qf schooling the Examination Councii'ﬁf
Lesotho {(ECOL} conducts the Primary __SchGOI Leaving Examination (PSLE} at a
" national level, Satistactory performance in that examination qualifiss a student:

4




“to continue to the secondary level, Those nat managing 10 pass this

examinatiun gither rasit It the followmg year or Iaave the svstem at this palnt

.The Secohdar? level takes five _years and is di\iidéd into_twc'_t stages.-_ The first

stage takes ‘three yeears and the last, which is an O-Level, takes 1Wo ygéar's.‘

During the first three years students are introduced to different subjects
including science which combinss Biology, Chemistry and Physics. At the end
- of this perlod students sit for the Lesotho Junior Certificate {LJC) examinations

conductad by ECOL. ‘Having passad ‘this axamlnatinn, the. student then

continues to the last two years. Thls is yet another exit point for those who

“cannot make it. Tha science subject is divided into different options including

Biology, Chemistry, and Physics. At the end of this lavel studants sit for the

Cambridge Overseas School Certificate. (COSC) examinations conducted under

‘the auspices of tha Universuty of Cambrldge in Great Britain. By the end nf this "
~ five year period it s expected that a studsnt is now ready to either continua to

tertiary education or find some employment.

1.2.3 Scaence Education in Lesatho . |

Science Education in Lesotho. starts as early as the primary lavel. At this. level
students ate axpected to be aware of general basic cpncepts in sclence,
According to MOE (1985) the alms of science at the primary level include: |
*  To ensure that chiidren develop intellectually by a~quisition of -necessérv
' skills and attitudes that will enable: - ' |

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

rapidly changing world

[+}] School-leavers to parform some simple-scientific operations that

~wili enable them to earn a living and become use.ul members of
thelr soclety. | |
* To promote scientific literacy;
. To ensure sound foundation of basic scientlftt: principles anﬂ tacts in
those wh_o may later seek to make a garesr as sclentists, sclenee
educators or technologlsts for the betterment of the economy of the

5
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~ country and imptovemnent of living standards.

Topids are "in'troduced in the form of units from Class 1 to Ciass' 7 At the end

of Class 7 pupils are expacted to have been introduced 1o concep‘ts such as

Iiving and nan—lwmg things, soil, watar, animals, piants, common substances,' '

' 'changes. air, snmple marhmes, frictlon, heat, light. aiectricitv, magnatism, and-

the solar system, Thus means, therefare, that as eaily as this level some basic -
concepts In Physics have been introduced. It is however crucial to note that the
agtual practzce is by far balow the expectad lavels at most schuols. Middlaton
-{1990) has noted that although the syllabus encourages teachers 1o use activity

“methods this does not happen. He explains this in terms of the lack of

conﬁdence of teachers and larga class sizes. Poorly equipped classrooms and
unavailabzluty of Iaboratones and libraries should also be added to Middleton g
(18280} list, ' S ' ' '

The Mi_ni_stry of Eduéatiqn- ‘has -a  department, the -Nationél Cutriculum
Development Centre "(NGDC), which, through its ‘Science section, holds
workshops and produces necessary teaching matqrials for teachers at this lavel, -

At the seuondarv level studsnts ara. intrnduced to further scientific concepts.

The aims of science at the sacondary Ievel, at least LJC lavel, according to MOE

(19886} include to: | - :

* develop the scientific skiils of observation, estimation, measurement,
experimentation, caonstruction, interpretation and analysis of data,
inferring, . hypothasising, predicting, scientific communication and
thinking: -

* ‘be able to soive problems scientifically; :

* acquire knowledge and understandmg of basic sciantific congapts 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




glectromagnetism from Form A to Form E: . :

Form A Magnetic attractlon and rapulsion.f Polas, Magnatic field, Makmg |

- magnets by stroking, Uses of magnets Lo
~ Form B: Heating, iighting, chemical and magnetic effects of electncal
. current, Magnetic induction, Methods of making magne_ts by

passage of slectricity {Biactrd—magnats}-, Comparison of permanant
magnets and e!ectromagnets, Uses of electromagnets '

Farm G Swdy and carry out invastigatlons using tha electric ball as an o
application of alectmmagnats, The a!{actric motor &8s an anergy
transfer dewceia.g li%ing w*alghts)

--Form D: Simple phenamena of magnetism, including praparties of

e A T e S ARETHD s SR e
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~ magnats, mag.>* dugtion, magnetic scrgening {shielding), B P
Distinction be - . weand nonmagnetic materials, Magnetic | 2
‘properties of fron. i - &ctors affacting the suitability of o ,

o _matanais for use Sem electro-magnats. Magnattn affept | 1’

R of an alactric eurrent. Mnua . (sf the magnatac ﬁatd for straight wim,

| ciroular coll and soienozd, Praut[r.ai applieatuon as in relays,
loudspeakers, Behavlour of a coil carrying z ourrent In a magnatzc

~ field, Moving coil m_strumant, D.C. motor, The phenomenon of
electmmagnetic industion, Ciuélitative exparimants }liusti'ating - _
factors affacting 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
tranismission,

Form E: Review of the four years

—gmmam R A . . am e e

e

Most schools, howaver, do not follow the Ministry of Education’s Five Year.
Comprehansive Secondary Education Programme for the last two forms but -
rather follow the Cambridge Overseas Schoo! Certificate syllabusas,. namely |
8130 (5146) Additional Combined Science (Double Subject), 5124 (5142)
Sqiénce (Physics, Chemistry), 5125 (5143} Sclence (Physics, Biology), 5126 - !
(6144) Sclence (Chemistry, Biology). Like other developing countries, which at - 1

eyt e e e T
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one stage ware under colonial rule, Lesotho has adopted with minimal changes

a curticula similar to ones followad by its former colonial ruler, the United

Kingdom (UK).

The NCDC has produced the Lesotho Junior Sacbndsry Scienca-matériéis to
meet the needs of the national shuation. These materlals specifically address

the issues of using more practical work, and of simplifying the language used in
textbooks, so that learners can easily follow, Middleton {1890) has observed
that ‘Although there Is an emphasis on praatical work, especiauy at the LJC
lavel, many pupils do not have the opportunrtv te do experiments bacause of

the lack of equipment and consumablas, the lack of confidence of their teachar, .

the time factor and '*th'e_ large class, xcially In the lower forms.’

The table :-on_page (11) shows the structure of science edu_catlon at the -

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

hoted that at the lower level all students are expected to do sciance while at the
higher level students have options. In :mbst cases, however, it is the school
administration that decldes on which options to offer because of 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 (NTTC) and _Natiorial University of Lesotho
(NUL), Primary teachers are trained at NTTC and at a lower scale at NUL. At
NTTC there is no spacial science training for primary teachers. They are trained
to teach a wide range of subjects at a primary level, Sclence is offered as one
of the subjects that these teachers have to do. Within one course of Sclence
they are taught both comtent and teaching methods. The college breparas
students up 10 a diploma level. As Howes and Stephans (1980) observed, this
college trains teachers also on an in-service basis,

The secondary and high school ‘toachers are trained at NTTC and NUL

8




respectively, The NTTC offers a three year certificate, the Secondary Teachers
Certificate (STC), which qualifies a person to teach "Seience_'up 'to Form €.
Student teachers are taught both Mathamatics and Snience.(Fhvsiés,'Ch'emistry
and Biology) and thelr teaching methods. The course presently takes thres
years. NUL offers three programmes which enables a student to teach Science
at high schools. The first is the Diploma in Science Educa_tmn_ {Dip. Se. Ed.).
The programme requires its candidates to do one of the Science courses as a
major and thus 'bacbmes his teaching subject at schools. This .brogramme takes
three years. - The second, taking four years, is the Bachelor of Science
E'd'u_cation' {_BScEd).__ The student takes two teaching subjects. The lest Is the
BSc plus & Paost Graduate (;ertifidata of Education (PGCE). The candidate
‘completes a nbrrh_ai BSc programme and then takes a nné_ year training in -
adu¢atin_n. | | | - |

1.2.5 Problems ‘facmg science aducatlon in Lesutho

Lesotho, like othar developing countries, facas severe problams whteh have
serious implications for St_:ience Education in the country, Kuahi' and.ﬁollnick_ '
(1993} have noted that the economy of Lesotha is weak. Betause of this the
Infrastructure at schools Is poor. that is, in some schoals there are no
laboratories and no eguipment. This of gourse makes the feéching of Sclence
very poor and encourages rote Iesrning; Kahn and Rollnick {1993) observe that
‘Post-independence expansion of the seuondary system has not abated, there is
a severe shortage of equipént and qualified sclence teachers and continued
dependence on expatriate staff for the schools and for teacher Supndrt.
services.” Most of the qualifled teachers leave the country for greener pastures
in the Republic of South Africa. The remaining teachers are mostly less
qualified, Middieton {1990) shows that they often have no confidence to teach
certain topics and perform certain practical- work. The other problem is that the
curricutum has been adapted from tha former coloniat ruler, UK, and hence does
not necessarily addrass the problems of the country. Kahn and Rollnick (1993}
noted that Seience syllabi remain academic and aimed at a8 minority of the
‘students, The examinations, namely the O-level examinations, are mostly

9
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‘Controlied from the UK. Thus, the country has little cohtrél on its Sciﬁncé )

ﬁol_lcv.

LTS

1 3 Conclusmn | . ‘ |
This research project mvestagates Lesotho science teachers’ heliafs ‘abaut

' _-thsics and its pedagogy and the strategies that teachers usa {n their teaching.

. The research assumes that these beilefs infiuence the stratag!es that teachers '
use in their teaching and that teachers mav pass over thelr own. altematwa

cancaptlons 1o thalr studa'tts, _

| Thé chapter discus'sad Scienca Edu::éﬂdn in Lesotho in terms of the kind of

tralning thase taachers get from thelr aaﬂv davs in scham up tn the tertiary o

Ievai. o

The teachers’ thinking Is Invastigated with constructivism as the framework of

. tha research project. - The literature review is done in the foﬂn'W!ng ¢hapter..
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CHAPTER 2

LITERATURE REVIEW
2.1 Introduct;on
This research project investigates teachsrs thinklng and teachers awareness of
the existence of alternative conceptions. The research project has adopied the
constructivist theory as the fundamental basis for non-traditional teaching in
Science. Thus ths follawmg topics were found to be apprupriate to be raviewed in S
this chapter: - ' '
+ Cnncepts and concept acquisition
* Altematwe congeptions. -
*+ . Alternative conceptions in electromagnetism

* | Beliefs in Science teaching and learning
* ‘Teaching strategies in Science Education

- The point of contention is that awareness of alternative conssptions mﬂuanses -

teachers to a_dopt teaching strategies that_are d.irected towards remsdiaﬂon of
thaise concspﬁoﬁs. it i also maintained that such awareness can be méasﬁred
from the bellefs taachers hold abaut their students learning and the sub;ects thsy
teach, in this case Physucs.

2.2 Concepts and cont:eptécqﬂisition- |

Different researc hers define ‘concepts’ differently. Novak {1977) definss concapts
as ‘inventions of man used to describe obsarved regularities in av_shts'. Hewsan
{1982) studied definitions givén by other researchers and concluded that ’,..all
representations of facts and events are defined as concepts.’ Howard (1987)
defined concepts as ‘...rental representational of a category, which allows a
peirson to sort s'timuli into instances and non-instances.” Stanton {1990) arguss
that concepts are ’...constructs of the human mind, 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 acrqss'a
phenomenon and mentally forms a picture. This picture remains a reprasentation

12




of that partioular phanomenon from whzch other pnctures of other phenomana -
develop‘ | | |

Concept formation starts fr.dn-t_ea_z_'ly childhioad. For example, a child first starts to
idantify a person as a ‘mother’ or a ‘father’ arid later as ‘brothers’ and 'sisters’.

The process progressss and refines as the child _ge"ts older, but exactly how this
occurs has been the subject of '6ﬁgqing debate  over the. years. .:An garlier
understanding was that concepts are influenced by the outside world, This
~inductivist view of sciénce maintained that all knowledge is based on observation - .
{Driver, 1983), ”The argument was that if under the same conditions one persor
‘can observe a phenmﬁeno’n'and that the same obsewaﬂdn can ba made by the

next person then it can be concluded that that is the general bahawoun One of o

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

other factors such as the observer’s expenance, and thus making it an ob]ective'- -

pracess from which Science could he learnt Bscause obser\ratlon was 586N to ba
so important, learners would observe a phenomanon and then from it deduc& the
ganerat bahaviour, - o ' ' S

The inductivist theary was ér_iticize’d- on the basis t'hat'léaming' really takes place
i the mind where *...theorles are not related by ihductionto' sense data, but are
constructions of the human mind whose link with the world of 'expari_a'nce comes
through the 'processes by which they are tested and evaluated.’ (Driver, 1983).
‘The process where mind Is the basis of all knowledge farms the fundamental tenet
 of constructivist apistemology. Watts and Pope {1989} argue that ‘p_eo;:ie are
rast-lessw proactive - they set about interpreting their own world, they are not Just -
 passive recipienss of someonse éls’e's knowledge.” This process takes place in
somaone’s mind, Stanton {1990} argues that ... cdncept formation 1s 2 mental
process and shbuld be peculiar to the individual whao Is forming the conce'pt.' It s
this peculiarity of concepts that necessitates the study of how concepts are
formed. The process of concept farmation includes making sense of and
~ Interpreting the new situation the learner comes across. There must be a situation
whiere there is a change from one idea, which might be a general one and hot
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nécessarlly sclentifically accepted, to another, which might be a sclentifically
accapted one. - - S S

Undefstanding -c_:;fmstr-uctivism requires an understanding the aa_rlie'r contributions
of psychologists such as Plaget, Ausubel and others whose ‘theories laid the

foundation for the constructivist theory (Solomon, 1994;-Stantan; .199(_)},-'These' o

psy.chole_giﬂé were not necessarily interested only in Science Edui;atian'-but rather-
in educaﬂbn as a whole. Piagét propoé'.éd- a’develob'mentai léarhing theory where

a child is seeh-tﬂ Q'go- through four stages of cognitive development. br_i_ve’sr {1983)
_summarises the Piagetain theory as being based on the ‘...view that children’s
 knowledge of a progressively more abjective kind is constructed through in‘_teract_idn o |
with the -énv.ir._anment.' ‘Piaget uses two biclogical concepts, assimilation an'-d_ -
accommodation, to show that a peréo_n assimilates new axpériancés ang then
éccﬁrﬁmbdat&s it to tha already existing kndWladgeQ Ha‘Wav.er, it should be r-io‘ted_'
- that what Is assimilated does not depend enti-r_é.iy on the _enviranﬂma_nt_ but 'al_so on |
the -expef('enc:_e of the person. Bliss (1995) explains the two terms as follows: |
"'A's's:imilétidﬁ"is the activity that p'e'r_rhits_ the gradu_ai. incarporation of new ideas and
information into a person’s mental schemes; that Is to say when p_eaple-ta'ckle new
situations they try to incurp’prate the nova Ity-'o_f the dutsfd_e world into 'w.hat they

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

- constraints but adjust thelr thinking, thelr mental schemes, so that thay' can deal
with these novel ideas and 'infor'mathn. Thus, accommodation is the activity of
modifying assimilatory schemes.’ Driver (1983) and Stanton {1990) agree that
what is crucial about the Piagetian theory is the fact that the learner constructs his
knowledge through interaction with the environment and the resolution of the
cognitive dissonance 'that may oceur between expectations and observations,

~ Ausubel’s Theary of Meaningful Learning assurnes that the learner arganizes and
structures his own knowledge. Ausubel made a distinction between rote learning
and meaningful learning whete In the latter the learner relates the new knowledge
to relevant existing concepts in his cognitive structure whareas, in the former no
~ relevant concepts are avallable in the cognitive structure (Driver, 1983; Stanton,
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1890). Stanton {1990} argues that the cenitral issue in Ausubel’s theory is the
process of subsumption which irwol_veéf én Interaction at the interface hétWeeh the -
subsumer, the existing or anchoring cbmept,_ a_ﬁd ‘the _new_ know_iédge. This
interaction results in an alteration _61" both the new kno'wiedﬂe and th'.e .s_ubsumer.

From these theories we must assuma that students come to classrooms with
gertain specific 1deas glready in place, and that these ideas are critical to their
'learmng This, coupled with the agsumption that these jdeas are developed
__'mentallv by an individual, forms the basic tenet of constructivism. Hewson and
Hewson {1 988) have sutnmarised the constructivist pictura as follows: Yearnars
~actively construct their own new knowiedge..., They do this bv using their axist:ng |
- knowledge to interpret new information in ways which make sense to them. They
buiid their own concaptual str-uctu_res_ in which they incprpurate empirical
phenomena, concepts, and explanatory patterns.’ The rdle played by _Ihstructian _'
* must, therefors, be that of reshaping these ideas, in the case where thay are ot
consistent with scienttfic ones, or totally replacing them.  According to the
cthtructl_v-i'st_ Vi_éw. of learning, leatniers construct their'own._meanings. as they -
- axperience different phenomena, _Fénsham, Gunstone and White (1994) ai'g_ue that
this *..canstructed meaning depends o the person’s existing knowledge, and
since it is inevitable that people have had different expariancésfand have heard or
read different things, all have different ... meanings for ary concept.’ Scianbe
sducators, therefore, have a responsibility of identifying existing knowledge with |
the aim of predicting possibla{alternative) meanings. Such meanings will be of
importance to the teaching/learning process that is to follow,

~ Not belng aware of these possible: meanings may result - in undesired

teaching/learning outcomes, Gilbert,l Usborne and Fensham (1982) disc.s

possible arrangements of outcomes of sclence teaching between what they termed

‘Teachers’ Siience’ and "Students’ Sclence’. They show that there ara at -Ieast

five possible arrangements, namely |

(i tha undisturbed children’s sclence outcome where tha ‘Students’
Science’ view is not modified by “Teachers’ Science’,
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(i the two perspectlve outcon where the "Teachers’ Science’ hasbeen
taken arily for the purposes of evaiuation, while the student holds on |
| to his own ‘Students” Science’ to explain any other situation,
it} . the reinforced outcome in which the ‘Teachers’ Science* viewpoint is
' used to explain a particular _sitﬂati'on while the ‘Students’ Science’
viswpoint rernains internalised by the student, o

{iv) the mixed outcome in which both *Teachers Science and ‘Studants

| Seience’ coexist and -

v} the - unified sclentific outcome where *Teachers' Science’ is
complately accepted by the student, to form an accaptable smentific-
vzawpoint o '

This last outcome is the one for whi::h any science sducator should be aiming, In
this outcome the ‘Teachers’ Science’ which is sclentifically accepted has been
completely accommodated by the student. |

Posner, Strike, Hewson and Gertzog (1982) sﬁggest conditions under which' the
accommodation of new concepts can be achievad. Their thaory is based on the
- understanding that the prior knowla‘dga of people is of critical importance and that
this process of knowledge construction s a mentsa! one and peculiar to each
individua! {Stanton 1980). These conditions are: firstly, students must find
oissatisfaction with thelr existing congeption. That is, they must feel that their
ideas lack the pewar to explain every situation. Thay must feei a need to find a
new concepﬂon that can explain those situations that are not explained by their old
ideas. Secondly, they must find the new conception intelligible, Students should
~ be able to see how experiance can be translatad by the new conception to expiain
what is inherent in it. Thirdly, students must find the new conception plausible.
They should realize that the new conception explains a_ven thoss problems that
were nat 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 congaption they have more
questions and have built up an interest to find out mote about the related
concepts. Thus the awareness by students of their own ideas and of others Is of

16




ool o e by,

e R L R et SR SR

critical importance-to the canstructivist t_h_eory.

Hashweh (19886} finds this theory lacking in emphasizing ., distinctions hat'wean' g
the psychological processes leading to stability, those !eading 10 change,i and the
distinctions between these psychologicatl nrbcessaé and the external conditions”'
related to them.” He suggasts three categories of factors that must be identified
to explain the process of conceptuat change. These categories are:

{i} o Factors affecting persistence of preconceptions,
#i)  Factor. g*fecting the acquisition of new conceptmns, and -
(i) - Factors affecting cognitive restructuring

" The three categanes, suggested by Hashweh includes Loth the psvchnlogicai arid

sxternal factors, These categories must be attended to equally to ensure the -

process of concaptual change. -

“There are other res'ea’rchers-, -h_owever,-'Who feal that the constructivist theory has.

not attempted to address problems In Science Education convincingly. Linder
(19973} studied Posner et al's theory and raises some criticisms. Linder argues
that the prablem of sclence teaching lies not with the fact that students often
reflect alternative conceptions, but with the fact they do not d'evel'ub nEwW

“meaningful relationships with the new contexts that are being introduced to them.

According to Linder there is a distinction between the mental-modsl perspé_ct-tve

and phenomenographlc perspective, whare the farmar looks at conceptions as

tangible Inside-head constructs, and the latter looks at the same conceptions as
being characterizations of categories of description reflecting person-world
relationship. Thus, Linder concludes .,.Instead of depicting meaningful learning |
in terms of '-conceptual- change we should consider depicting It in terms of
conceptual apprécfation._._..' Solomon (1994} observes two issues that shed light
on the apparent weaknesses in constructivism, Firstiv, in 1988 Millar ralsed the
af-gumant'as to whether constructivism is a method of teaching or & coharanf
framework: this however had been noted in one of the earliest papers on
canstructivism by Drivei' and Easley (1978). so that the Issua had not baeri
resolved in the interverning ten years. Secondly, Solomon notes that at the third
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gonference on Miscancaptions at Ithaca NY in 1993 the pamclpants found i
themselves with no message to pass onto a foliow-up maetlng.

Osborne (1996) also raises some criticisis of constructivism. OSborﬁe argues that
the theory, because it concemrﬁted on the resilience of th'e:leéme'rs' beliefs and a
social construction of reality, suffers serious epistemological flaws. Accordingto
Osborne the theory fails in that it leaves important aspects of how new -knaW!edgg :
is made. Secondly, becsuse of the extent given to personal and social
gonsiderations over the obduratenass of the natural world, the theory fails to
distinguish between real and theorstical entities. This, therefore, leads to an
-instrumanta!is't epistemaiogv and a misrepresentation 'df the nature' of science..

Hawever, fully cognisant of the above criticisms, this research pro]ect takas_
cunstructnvlsm as its basic framework ' o

2.3 'Alternﬁtiire 'coﬁceptions

2.3.1 Defining alternative conceptions: |

Most scienice educators and researchars have found that children hold Ideas about
scientific concepts that are not necessarily scientiﬂt: (_Shlpstqﬁe.’ 3‘_1984). This
ob&ewétibn has negated the prior notion that childra'n" come to classiooms with
empty minds. Driver (1983} argues agalinst this ‘tabula rasa’ idea and maintains
that ‘From the very sarliest days in its life, a child develops 'bejliefs_ about the
things that happen in its surroundings.” Research has further shown that such
ideas gre not depandent on where tha research is dong but are universal,

There is disagreement about the use of the terms ‘concuption’ and “framework’
In referring to students’ ideas. Researchers such as Gauld {1988} use the term

‘framework’ to refer to studants’ understandings as ordered and schematic
| und‘ers’candings of a concept. On the other 'hand, other researchers such as
Dykstra, Boyle and Monargh (1 992} and Stantan {1990) tend to use the term
‘sonception’ to refer to students’ knowledge about how the world works or how
it Is constituted. Both these terms refer to the idess of students. Stanton {1990}
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has ndfed that Hewson (1981) préfarra_d the term ‘concepﬂnﬁ’ rather than
‘framework’ because the latter term suggests an organization of ideas rather than
the ideas themselves. Tha same observation has been made by Abimbola {1988}
who also argues why ‘alternative conception’ is P preferrad term.  However, _
researchers are in agreement that these ideas cannot or sheuld not be referred to
as ‘misdonc'eptions' because of the négative cor_mat'atipns'_af the word. Solomon - |
{1994} observed the message of the first conference on Misconceptions in Seiance
and Mathematics at Cornell Univarsity, ithaca, NY was that *Tha studénts' ideas
were not to ba considered wrong when compared with accepted ones of science,
but onty different.’ The term ‘misconception’ has the implication that the idea is
wrang. Thus tﬁe agraerﬁent that the term should ho_t be usad to rafsr to students'
ideas. For the purpcsés of this raSear‘ch report the term 'conceptions’ is seento
~ ba appropriate. Thus, by ‘glternative aonceptions' it shall he referred t0 thosa
| student ideas that are not nerassanlv scientif:c. . ' S

2.3. 2 Ganeral features of altemative conceptions' ' |
Alternative conceptions have been shown to be world wide, to be hald bv students
of all ages and pot dapendant on cultural backgrounds {Thils and Bergf 1996;
Driver, Squires, Rushworth and Wood-Ronbinson, 1994). Driver ef al. (1994) also
show that thase cnnﬁeptiﬁns are often universal and not necessaﬁly'idiosicncr_atic, g
Thijs and Berg (1996) discuss tha universality of altarnative conceptions in varlous
areas of Physics such as mechanics, heat and temperature, light and electricity.
They show that all over the world students harbour the following alternative
conceptions: |
* In mechanics:
© {a) Assoviating force and motion
(b} Asscbiating force with & single agent
{ ¢ ) Not differentlating various aspacts of motion -
* In heat and temperature:
{ &) Temperature is taken to be an extensive vartable rather than an
‘intensive ane
{ b ) Lack of distinction between heat and temperature
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' {¢) Perception of heat as material (caloric ﬂutd like Lavoisier)
*in light: | | o |
{ajlightis concewed as & source e. g an electric bulb, an effact a.4.
patch of hght. or state a. g. brightness _
( b} Light is ot recognized as a physical entity exasting in space
batwesn its source and the effect i produces _
( c } For lumincus ob]ect';, vision is explained as light coming to the -
eye; for nen- lurninous ob;ects, however, an ‘eve is activa’ model
s usad R
_' in aiactnmty* _ o o _ .
. {a)Many students seem to believe that the same amount of current
is supplied by a battery indépandent of the circﬁit connected
_ (‘Constant supply of current’), and that the current Is used up’
asit ﬂows through the bulb {*Current aansumptmn')
{ b } Instead of a way of reasoning whera all parts of & circuit are -
_ inter'ralated and influence one anoihar_, m'any pupiis think that a_
L change in circuit has only local or -seq'uent_ia'i {*downstream’)
consequences. |
{ ¢ } Clashing ~urrents: In a gircuit thare are two opposwg currants
whic:h clash in an appliance or lamp. |

e

Students’ ideas have found to be resistant to change. Hashwehuaaﬁi notes that'
studentis idaas take the form of procedural knowledge, Solamon (19921 shaws
that procedural knowledge Is embedded in mental programmes and aliows pe_ople
to talk about one thing while doing the other, 1t is this nature of knowledge fhat
makes students’ ideas difficult to change: Students’ ideas are also mads resistant
to shange by their origin, For example those ldeas that are the result of
observation and experience will be difficult to be remediated. Some examples of
alternative concaptions that are resistant to change have been given by Thijs
(1992): | o |
{a}  in a rest situation, no force (or only the force of gravity) are prasent;
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{b} when an ub]ect moves at a gunstant speed, a force is acting inthe direction -
of the motion, which is necessary to overcome counterforces,

e} a force exerted on an object is imparted to that object as an acqunred
“impotus”;

(d) the impetus of a body will gradualtv weaken, for example. through friction
or gravity; and - o

{e) an Increasing veloclty requires an mcreasmg force in the diractinn of the
motion,

Kulper {1994) studied students’ ideas on force fram a sample of students from
Zimbabwe, The Netherlands, Botwana, Lesotho, Swaziland and Mdzambicjue. The
study concluded that ‘Though the frequencies with which varlous incorrect ideas
ara found might be somewhat different from one country 1o 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 thaugh cultural background wili Jater be shown to be one of
‘the causes of the.se conceptaons

2,3.3 Origin of alternative conceptions
Students’ idsas have been reported to be caused hv a wide range of factors that '
seem 1o be commion to all teplcs in science, particularly in Physics, Researchers
such as Driver et al. (1994) and Head {1388) discusses common origins of
children’s conceptions. Amongst these are experience and observation, Ianguage
and cultural influence, and textbooks and traditional teaching. '

{a) Obseéﬁaﬂon and Expeiience: Shipstone (1984) and Head (1986} observe
- that children learn through handiing, and that this exercise starts as early as
childhood, even befora any formal teaching of the relevant subject matter,
Driver at s/ (1994} argues that ‘Children’s science conceptions are not
idiosyneratic nor are they in many cases heavily culturally dependent. They

are shaped by personal experience with phenomsna.’ Hashweh {1886) also
support this view. Hashweh argues that most of the preconceptions
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{b) .

students have afe a resuit of experience in interacting with the world.
Adcordlng to him preconcspﬁons take the form of procedural knowledge and
because of this alternative conceptions influenced by experience and
observation will be difficuit iobcirrect; Andersson {1986} suggests a theory

“which in ptincipie is influenced by the exparieﬁcas and ohservations that
_students make about the world. - He argues that in students’ observations

and experiences there is & common core, an expenennai gestalt af :
causation. Its ‘components are agent, instrument and nbject. According to
Andersson in an experiment where students are asked to form an
electmmagnet the ..‘battew is the agent, the gurrent is tha instrument and
the bolt is the object....’ '

Language and cultura: Driver et al. (1'994) _a'rgua"t;hat children have, because
of languaga, different ways of thinking and imagination. The crucial role
playad by language is also observed by Curtls and Millar (1988), According

to thern “...the learning of abstract sclantific concepts depends both onthe

child's abillty 1o use language to explore his/her existing conception and on.
the richness of the word-and the idea-associations which the child has with
the particular sciantifw ideas involved.’  Gilbert et al. (1982) argue that
students mostly make sense 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. Thay found that words which give

more problems are not necessarily those that are purely technical but rather
thasé w_hich are In use In normal English language and having specific
meanings fn seience. 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 lifs 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 withih |
different scientific disciplines. -

Baker and Taylor {1995} reviewed literature on the effect of culture on the
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{a)

learning of science. They conclude that ‘...the personal .con'st'ructiun of
. meaning in science s related to the linguistic baclcgrmmd of the 1zarner, and
' 'to the compatlbllity of the laarrsar $ language 'with that of scienca'

education.’ They further conclude that the cuttural backgmund of each

* student has a significant effect on thelr way of learning and understanding

sclentific concepts. Thus, the language used both in teaching and in
t_ax-tbobks has diré‘ctimpa_ct on the nature of the concaption a student forms _

‘about a particular scientific concapt.

Traditional te_achi__ng strategles: Recent research studies raflact that teachers

also hold alternative cunceptions (Rollnick and Rutherford, 19;90). Jegeds

o (1995} argues th'at'in'_th_e-Afriaan situation teaching s authoritativa. He

{d)

~ maintaing that 'This lo_c_us_'_ of'a‘ut_horitv of knowledge is transferred into the -
 classroom whera the sclence teacher Is seen as the. alder who “knows all™

- jn matters -r'elati'ng to sciuntific facts, "-prucessés, principles, and .
| _!aWs‘(emphas_is added). Thijs and Berg (1996) notes_Pfophat's {1888}

- obsa_rvaﬂnn that'i'ri Botswana pupils"- laéming, 1s .Unraflecti\_rfe and by rote,

that they want clear instructions of what they have to do, and that teachars -
view themselves as authority figures whose word Is not to be guestioned.

it shouid therefare be expected that teachers can transfer thelr alternative
' _.t:onceptmns 10 students. '

Head {1986} discussés, amongst other factors, the cmfusihn brought about
by analogies in science teaching and In textbooks, Head's _argum_ent is that

analogies remain true witkin certain limits but teachers and textbooks fail to
" iterate this phenomenon explicitly to students, Jimenez-Aleixandre {1992}

notes that children do not make possible transfer 'af knowiedge to new
situations bacause, amongst other raasons, the lack of attention paid by
teachars and textbooks 1o pupils’ own explanations for natural phenomana.

Qthar 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




language the traditional explanation, or what other researcher. such as
Jegede (1995) refer to as the Africen view, plays a crucial role in
uriderstandihg' and learning of sclence, especially in'--non-Wester.n-cbuntries.-. :
Head (1986) identifies other features of alternative concept-lohs; These are
the pser culture and the Innate origin of some ideas. Eylon and Ganlel
{1990} studied students’ reasoning patterns in solving problems related to
slectrostatics. They conciuded that students fall to identify the relationship
hetween the microscopic and macrdseopic variables and that because of this- .
apparent failure students end up 'with. incons_isteht reasoning.

2.4 Students’ altemn~*ive conceptions in Electromagnetism
Many researchers (Shipstons, 1984; Kulper, 1984; Watts, 1983; Thomaz,
-Malaquihs, Valente, and Antunes, 1995) havé -reported _th_at children have a wide
- range of alternative conceptions in Physics. However relativéhj few studies have
been made specifically in the area of eléctromagnetism. o

Finley {1986) conducted a study which was aimed at determining the extent to
which the Intended learning was achleved and what conceptual change had
occurred after students watchad a television programme about magnets. The
Study looked &4 the ideas of second-grade students on magnets and ma'gnétic
interactions, It reported that some students did not use the intended words such
‘as ‘attract’, ‘repel’ and ‘magnetic’, aven though they were in one way or another
introduced to them, and emphasis put on the correct usage of the wards, It also
. showaed that prior to watching the programme on magnets some of these students
'comparad the strength of the magnet with Its size. Erickson {1994} studied ideas
of approximately 120 puplis from the Province of British Columbia. He found that
younger pupils do not know that & magnet has poles which suggests the possibllity
that these pupils may not use words such as ‘repulsion’. _Arbns {1 990-) argues that
many children have experienced attraction in playing with magnets and nails, paper
| clips and so on hut are astonished to abserve repulsion between t_vﬁro magnets.
Arons {1990) further claims that '...one finds expectations such as the repulsion
of positive glectric charges by north magneﬂc poles, attraction or repuision of
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stationary éharges by the magnetic field around a current carrying wire, and a
variety of other habexiiztant effects.’ He puts the blame on the failure of
-mstruction and warns that ‘...many students have' not developed, In priur' :
experience, sufficient familtarity with elactricai and magnetio phenomana to |
d:stunguish operatiunallv between themn.’ - '

‘Selman, Krupa, Stone and Jacquette {1982} conducted a study whose purposs
was to .axplora_ the concepts and thought processes that children of different agses
Brin_g to sclantific phenémena.; They found that students at age 3-9 years explain
electromagnets in terms of the wire while older studenté referred to elactricity as
the source. “These children explain electricity as something in the battery that can
go through the wire, Selman et al. {1982) study’s results may be compared with
the Andarsson {1 986} studv‘ Andarsson (1986} reported that students think that
if an electromagnet is made with an josulated wire the insulating plastic IWHI not

allow contact batween the wire and the iron core §0 that the iron will nnt bacame B

magnetuc.

Thus, like in othsr topics in Physics, the above cited literature provides evidence
that students do hold aliternative concaptions in electromagnetism. Research does
show that the reported alternative concaptions are universal. Herrmann (1991}
purports that most students have problems in solving problems related to magnatlc :

field distributions, He puts the biame on teaching. '

2.5 Beliefs in Science teaching and leaming

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.
Koballa and Crawley (1985) define the word 'bellef’ as *...the information that a
person accepts to be true...’. Ernest (1989) uses the word to include
conceptions, values and idenlogies. On the other hand Koballa and Crawley (1 985)
define ‘attitudes toward sclence’ as ‘...a ganeral and enduring positive or negative
feeling about science * In discussing Koballa and Crawley’s dafinition, Riggs and
Enochs {1990) show that while attitudes may be looked at as *...genaral positive
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~or nagatwa feelmg toward somethmg thev may be . formed on tha basm of

baliefs, and both attitudes and beliafs ralate 1o behuvlar *

‘Because of tha 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 there can bé common beliefs about particular phenomenona, while

there might also be mény factors that resuit in people dev'eloping speic,‘iﬁc bellefs.

 Rese rch does show that praspectiva-teachers_ come far thair trainih_g- with well

davelobed sets of beiiefs about w_haf teaching Is all aboyt. Weinstein (1990}

argues that research reveals that ‘.preservice teachers enter preparation

programs with gonfidence i their ability to teach ... and a lack of appreciation for
the complexity and uncertainty of the teaching-learning relationship.’

*The relationship betwaen teachars’ beliefs and the process of teaching/learning is -

an i‘mportarit ona, for it is likely to determine the kind of iearning that is likely to
resutt. This view is supported by Rich (1990) who writes *...teachers hold beliefs
not only about the wisdom and eﬁicacy'of sp'acific practices, They also maintain
educational beliefs of a more ideological nature that imay be duractly or indirectly'
rolated to teachers’ decision making.” Hewson, Kerby, and Cook {1985) further "
support this view by arguing that the thoughts that teachers have about the
content and students they are to teach infiuence the way they will teach.

Much research has been done to study bellefs of both teachers and students in
Science Education. These studies have shown that both terchers’ and studerts’

bellefs can influence the t’aachihgllearning process. Pomeroy (1993) investigated

beliefs about the nature of science held by a sample of scientists, secondary
science teachers and elemantary teachers by attempting to establish if there is any
differences betweaen how these different samples view the nature of science and

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

expressed mostly by sclentists, _then by secondary science teachers and least by

| elementary teachers. The same trend was observed regarding the traditional views
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¢ Science Education. The study further found that there was a correlation

between beliefs about science and science education, Cronin-Jones {1991) studied

the Influence of science teachers’ beliefs on curriculum implementation. - The
study identified four major categories of beliefs, namely beliefs on how students
| iearn, beliefs on téachers‘ roles in the classroom, beliefs on the ability levels of |
students and beliefs on the relative importance of content tupics. The st_ud-y
concluded that teachars’ beliefs have influencas an the curriculum implementation
process. Yore (1991) studied: teachers’ attitudes towards and beliefs about
_scien_ca reading and textbooks. The results of this study revealed that teachers
have intuitive beflefs about science reading although they seernad to lack
kno-wledgé ‘about 'mény a‘dr:ep’ted cognitive and metacognitive reading skills.
Brickhouse (1989} examined teachars’ phiiosophies of science and their infiuence
on alas_Sroom_'lnStruotion. The results liiustrated that these philosophies ware
consistent with the teachers' instruction. o o .

The studies reviewed above ars in agreement with Rich’s {1990) coriﬁl_usiori'_that |
‘Since teachars’ baliefs about specific pedage_gical practices are heavlly grouped -
~ intheir personal educational experiences (Guskey, 1986), thare- is good rea’s_on to
gssert 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. Laderman
‘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 theoty suggests that students have ideas prior to instruction and
“that these ideas are often significantly different from the onas that are scientifically

accepted and are surprisingly resistant to change (Hewson and Hewson, 1888).

The theory calls for tzachers to be aware of students’ conc'eptions in order to be

able to address them. lgniorance, on the side of teachers, of students’ conceptions
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gan resuit in_-undesiréd- teaching/learning outcomes. Researchers In -Scienca_--
Education argue that students’ nanceptions are of criticél impe, tance to the .
~process of teaching and learritny . Driver et al, (1984} say Teachers naed 10 be’
aware of pupil’s existing ideas, ol the learning go_als and also of the nature of any.
difference between the two, when they are planning and implementing teaching.’
‘This is in agreement with Ivowi {1986) who maintains that *Teachers ability to
detect miscanceptions in their students Is ... an essential condition for any possible
corrections that -méy be achieved through instruction.’ Studies have been
undertaken to find out if teacharé are aware of students alternative cancapiians_. :

Berg and Brouwer (1991) studied. teschers’ awareness of students’ -al‘t_emative'
-conceptions in the area of force and gravity and their teaching strategies uééd 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 slso showed that some teachers had those alterr* .ve conceptions themselves.

Teachers’ strategles reflacted in this study were mainly expository, demonstration

of the desired 'cnncep'ti'ons,' analogies and questioning coupled with general
discussion. The study further revealed that teachers did not meet the conditions
suggested by the Posher et al.’s {1982) fh_aorv of acecommodation. -Seq_u_eir'a, L-aité_ _
and Duarte {1598) reported on the attitudes of science teachers in Portugal
towards students’ alternative conceptions and the use of teaching strategies
ghosen to address these conceptions. The study reported that there were some

teachers who were aware of these alternative congeptions and their possibie

negative effects towards students’ learning. But on the other hand there were
some teachers who ware not aware of the existence of alternative conceptions and
their possible effects. However even those teachers who were aware of these
alternative conceptions did not select strategies that fitted well within the
constructivist perspective of science teaching and learning. Tiese studles confirm
the results of Arons {1881} and Watis and Zylbersztajn {1981} which indicated
that teachers may not be aware of students’ aiternative conceptions. |

Hashweh {1996) conducted & study te ascertain whether ot not teachers hoiding
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constructivist baliefs

{a}  are mora likely to datect student alternatwe cunceptrans, .
(b} have & richer repertoire of teaching strategies; |
{c}  wvse potentially more effactive taachmg strategies, -

{d)  repors more frequent use of affective teaching strafag:es* and _
{8} hnghly valug these teachlng straiegies compared with teachers hn!dlng. o

 empiricist beliefs. ' -

~ The study showed that, in general, construntivism had a positive influence in all :
 five natagarias. ' B ' ' ' '

Hashw-ah had categorised his sample mto four groups, namalv Ieaming '
gor 1 tivists, knowledge constructivists, Ieamlng empiricists and knowlef*ga_
“empiricist. Learning constructivists reflect the view that knowledge Is constructed
| by indlyidual. They are awa_ra of students’ ideas and their critical role towards the
learning process, | They acknowlddge that teaching must confront students’
~ elternative concaption's. Learning empiricists do 1 beliava that students devalop
ideas In sclence on their own, and are not aware of the existence of alternative
coniceptions, SR | |

Knowledge consiructivists, amongst others, view the aim of science as being to
develop theorles to understand the world. They belleve that scientific knowledge
is tentative and invented. Knawledge ‘empiricists view the aim of sclence as"
collecting facts about the world, They believe that sclanﬁfic knowledge s
- objective, pérmanent and discoverad and emphasise the role of observations,

This study, howevsr, showed thiat the catagoriss wers not mutually exclusive.

Hewson and Hewsan (1987) have noted that it Is importar:t for teachers to be
aware of the role played by students’ existing ideas in understanding naw mataria!._'
The possible threst, as illustrated by Hashweh (1996), is that teachers not
subscribing to the canstructivist ideology are Iikalv not to he aware of studants’
alternative conceptions, and as & result employ teaching strategies that do not
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fostar meaningful learning. Studies like Berg and Brouvéer (119.9_'1.) aléo_reveal that
teachers have similar alternative conceptions as their students. If this Is the case

. "'than' it might'bé expected that taacheks' classroom behavlbur and their teaching
methods will be authoritarian rather than gonstructivist. Some teachars are likely
to '.,.rely on textbooks, emphasize memosization of facts. timit students verbal
partlcipatmn in class...." (Stoddart, Connell. Stofilett and Pack, 1993}, Secandlv, )
 they are likely to pass ovar thaar ungcientific ndaas 1o studants

Howavar;. itis noted that other resaarchars in Sciarica' Education do not think that
'‘goodt science teaching’ has to be that which is totally gnverneﬂ by the
constructivist thenrv Wildy and Wallace {1995) observed that good teaching can
be influenced bv S udmbar of themes, namely teacher confidente, the structure of
“the discipline, student motivation, trust, and ths cultu_ral context of teaching.

2.7 Conclusions | | |
Constructlvism has been found to be an important and fundamental hasis for
‘Science Education since the theory can then be used to distinguish between _

traditional versus nontraditional mathods - of teaching, as wall as to define

traditional and nontraditional bellefs about teaching.  This chapter ﬂhﬂWﬂd that

- children hold al_ternatwe concapts_cns in all arsas of Physics including

' electramag'natlsm. It also raised the fact that teaschars do hold beliefs about the

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

some teachers employ in their teaching doss not follow gonstructivist principles,

The above literatur findings, namely thet taachars hold beliefs about their teaching

and that their téaching: may be at odds with the constructivist theory, ara used to
devalop the research instrument to be discussed In Chapter 3. I
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CHAPTER 3
RESEARCH DESIGN

3.7 RESEARCH PROJECT

3.1.1 Introduction

The previous chapter hiscusséd the thearetica 'framéwork of this Studv; namely
constauctivism, the fun\:lamental tenet of which is the undarstanding armongst
science educators and researchers that students come to classrnoms with already
well established ideas about different phenomana, and that these 1c_leas arg critical
to the teaching/learning prbcess because of their possible _inﬂuenc_a on the
accommodation of '_ new maerial. The alm of this study is to find out whether
teachérs arg awars of such gunstructivist ideas, and to what extent this influences
- thelr taaching, the learning nf their students, and taachers baiuafs about Physics
and Physics Educatlon and affact: ve tesaching strategias, This chapter discusses
the methodology employed to establish data which is t0 be_ used to achieve this
alm. The research tool used to co'lect data in this study is a questionnaire,

3.1.2 Sample
The sample consists of one hlgh school Physlcs teacher from each of 21 different

high schools in Lasotho. These schools are chosen from those schools who ofter
the following combinations of science subjects, as indicated on diagram 1 {page
11): {i} Physlcs only, iii) P-hvsics with Chermistry or Biology, and (iil} Combined
Science. A list of schools registered by the end of 1994 was obtained from the
Ministry of Education in Lesotho. The 21 schools ware chosen such that 14 were
in the lowlands of the country while seven were in the highlands. This was ddna
with the realization that the situation in both the lowlands and highlands are
different in terms of, amongst others, avaliability of equipment, stabllity of
teachers, number of students ond infrastructure In gensral. The researcher also
estimated that in general -high schools in Lesatha might be spreﬁd in the ratio 2:1,
Having divided the schools in these twa categories they ware then chosen
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- randomiy.

Each of the 21 Physics teachers were asked to-.cornplété Questionnaire 1, shown
in Appendix A, which consists of two sections. Sectinn A concerns the
backgmund of teachers, while Section B investigates the teachers beliefs. Sectian
B consists of two sub-sections. The first sub-saction consists of 24 statemsnts
N with a szx—-Paint Likert scale given for teachars to indicate ‘he appropriate: degrae
of agreemant with each of tha 24 statements. The second sub-section is an apen
- arided section wihare teachers are asked to explain their responses to esch
statement

The second part of the study is based on Questionnaires 2 {Appendix B} and
Questionnalre 3 {Appendix C}. Quastionnaire 2 was given to 10 of the 21 high
schiool _ths'ics 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
tluestionnaire there are five multlpla cholce questions whare teachers are asked to
it tick the correct response, - ' |
{ii}  choose options that are likely to be chosen by students, and

- {iif) . explain why they think students will choose that option. |

Then the same guestions were given to about 200 students from those ciassas
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 askad them to tick the correct rasponse,

3.1.3 Questionnaires

Three questionnaires were developed as indicated above, Saction A of
Questionnaire 1 was developed by the researcher and aims at establishing boxh the
qualification and axperignce of teachers taking part in this study. The section will
give information as to whether, given the size of this sample, teachers in Lesotho’s

~ high schoois are all qualified ta teach science, in particular Physics, at high schoo!
fevel and will also indicate teaching experiafnce.' Some of the statements of
Section B have been adopted with minor changes from Pomeroy {1893}, while
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others have béen .davelapecz by the researchar. | The statetnents are designed to
test the beliefs of teachers on two catagorias, namelv teaching methads in Physics
and students’ knowledge {with special emphasis on e!ectramagnettsm)

Questionnaires 2 and 3 comprise five questmns, Some af these. questions hava
" besn developed by the researcher while some were adapted from Andersson
{1986) .and Stanton (1993). The maln purpose of these q.uastionnairea Is to
establish whether teachaers are aware of the alternative conceptions students hold,
Briefly thes__q quas_tions vmre designed to ascertaln the alternative vonceptions:

Question 1: ~ Current flowing in a conductar createé an electrie field around
| “the conductor, | |

~ A stationary positive charge will aithar ba attractad or rapelled oo

by the magnetic field around tha current carrying canductor

| Question 2: A stationary positive charge is repelled or attracted by north .
. magnetic poles .
‘Question 3 Attraction is suffucient test for whether a materfal is a magnet
' ~ ornot. ' ' '
Oue_stian 4 . The presence/absence of insulatlon on a current-ca?rymg wire :
) will/wili not allow a core to be magnetised. '
Question B a stationary small charged Insulator can be repalled by a very

largs, uncharged statlonary conductor

3.1.4 Data Analysis
The study is looking at the existence af traditionai or non-traditional beliefs of
teachers in Lesotho’s high schools towards electromagnetism and its pedagogy,
teaching strategies. For this purpose questions in Quastiunnatra 1 are divided into
the following categories'
* Studants’ knowlkugn
' Traditiontal teaching vs Non-Traditional teaching

(statements 1, 15, 18 and 21)

Teachers’ view of slactromagnetic concepts
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(statements 8, 11, 12, 18, 16, 20 and 24}

*  ‘Taaching Muthods:
) General methods
{statements 3, 4, 7, 8, 14, 23)
 Use, of experiments -
- (stotemants 2, 5, 6,10,17,19,22)

Tha data from this quest:onnaire is then analysed in two waya. Firstly, thara Isa
guantitative analysis where the responses are firstly grnuped per statemant. Then
“an index of agreement (1A} is calculated as follows* o

where 7 Is the number of teachars nhooéing ona of the six -paints- on the Li'kart. .
scale, / is a multiplier corresponding o the point on the scale as foliows: 1
{strongly disagres) corresponds to -3, 210 -2, 310 -1, 4 to +1, 510 +2and
6{strongly agree] to +3. A is the total number of teachers responding 10 that
statement. Division by 3 was done to confine /4 within the range -1 and +1,

if IA Is negative the sample Is assumad to disagree with the statement, but if 1A
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 abovae i is fnllowed to calculate !A. The vatue af IA i
Interpreted as above,

The quaiitative datais analysad, for éach category, by looking at those statefnents '
which the researcher found to be agresing or disagreeing with statements in sach
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categeory. The view exprassed by the reSpondent is taken to represent their heliaf_ o
“about the Issue in question. | o

The multiple chcica questions in Questionnaire 3 are an-a_'lysed by using a computer'
program of the Physics Department at the University of the W.itwatersmn_d |
designed for such purposes. . The same data from Questionnaire 2 is analysed by
hand by the researcher's!ﬁce these are only ten respondents. The qualitative dats
from the same quastuonnaire is analvsed bv looking at explanations givan by |
| respnndents to justify thelr predictions. - -

3.2 PILOT STUDY

3.2.1 Introduction | |
Test construction Is an important step in performing research since it quarantees
the kind of data that the research instrument is fikely to produce. It is therefore
crunial, aven before doing tha actual study, to be able to answer questions such
as whether tha quastions are asking for what the researcher wants to estabiish
and if they do sg at the right lovel. it is also important to establish whether they
are consistent in what they ask. These questions of va!:dr‘ty and rel:abilt‘ty of
questionnairas are crucial. Gay (1981) argues that ‘A test is not valid per se; itis
valid for a particular purpose and for a particutar group.’ Comparing the questions
with the research alm and target sample was therefa'ra--important. A pliot study |
was therefore conducted.

3.2.2 Pilot Sample

Thrae male qualifled high school taachers were asked to participate at this stage.
Two of these teachars were Physics teachers at the Lerotholi Pol\?tachnio's pre-
entry course in Maseru. One of them holds a BSc(Ed) degree while the other holds
a BSc and a BscHons In Mathematics. The third teacher teaches at the Lesotho
Telecommunications Training School and holds a BSc{Ed)degres. Sclencateachers
of senior secondary classes in Lesotho hold these degraes as has been shown in
Chaptai‘ 1. The three teachers, one way or the other, have experience of high
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school teac_hirig and are therefore aware of high school Physics syllabuses. Thus, _
thess teachers represented the popuiaﬁon of teachers in Lesotho’s high schools
satisfactorily it is, however, acknowiedgad that some schnalq may ba have less
qualified and exparienced teachers. - '

The guestionnaires were also given to four experts. Two of these experts hold PhiD
degrees in Physics and are lecturers at the University of the Witwatsrsrand, The
other two are worklng as lecturers ln the Sthool of Science Educaﬂon of the sama
universitv

3.2.3 Procedure
The three teachers weie given Questionna:ras 1and 2 tAppenduces Aand B) and
asked to
¥ Respond 1o a!! questinns' _
*  _Explain whather the guestions ware clear to them and will prabablv bate
| .somabodv else; . _ '
¥ indicate any problem they saw with any of tha questmns |
The two Physncs experts were to study the second guestionnaire and then
¢ indicate if there was a correct response for avery question
*  |ndicate any problem they can see with any particular question B
“The other two scisnce education experts studied the two questionnalres and were
asked to make any comments or recommendations, |

3.2.3 Analysis

For Quastionnaira 1 the foilowing ware studied from the responses of the above

experts”'

* whethar the questlons/statemenis *~ould be understood by tsachers. This
would be deduced fram the respohses of the three teachers..

* whether there was any likelihood of a particular question being
misinterpreted by respondents. This would be deduced from the expetts -
comments and from the responses of the teachers,

' For Questionnaire 2 the following information was found to be necessary:
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o -whether the questian has one and Gnly one scientifically correct answaer,
f - The responses of the scientlsts was given priority at this staga. Aiso the
'pumcse of the questions were to be 00n31dered for sach case. '

% whether the ather options are posslbie. The experts raspnnsas together '
 with the teachers’ responses would be helpful, |

The *experts” adreed that mast of the statemenfs in tha first questionnaire were
clear and that most teachers would understand them and would tharefora be able -
ta raspund. Howaver two statements wara found to be problematm and werg
- aceordingly - discarded from the list. That left the questmnnaira with 24
statements. The second questiomaare wWas found not to have sanous problams '
- axcept that a faw changes ragarding word!ng had to be made.

3.3 LIMITATIONS OF ‘I'HE STUDY _
The nature of this studv and tha p!ace whaera it was to be admimstereﬂ t:arnpellad .
the use of questlonnaires as ] resaarch toul

Sax {1979} -d'iscussass problems re_lat-ing 10 the use of quastionnaires as a research
tool. Firstly, the. motivation of the respondent is difficult to check. At the time
when data collection for this study had to be started, the tescher’s union had
called for a strike to 'préss. for thair demands for better working conditions. That
- strike lasted for approximatsly iwo and ha_lf months. The administration of tha first
questionnaire had to be dulayed, and then the researcher was limitad to those
schools which were fully and/or partially functioning. MHe later -sisited those that
had been closed with the hope of seeing teachers at their homes if naed be. This
~ strike had obviously lowerad the moiale of teachars, 'a_nd it is posSibie that in
normal working conditions they might have given different informatloh. The usé
of questionnaires in this study had no way of establishing this factor. | '

Secondly, Sax {1979) argues the problem of sampling. If all questionnalres are not
all returned that gauses g possibility of a biased sampling, Because of thls and the
problem of motivation discussed above the researcher had 1o go to the schools,
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This was dohe with the realization of Gay's '(1981) argument that ‘Attenipting' to
travel to 'a_aéh' resporident in urder to administer the 'questionnairé is gan'era_liy'
impract!cable énd eliminates the advantage of being able to contact: & large
sample.’ Howevar because of the conditions at Lasntho s high schools at the time
each respondent had to be visited. That on its own did not interfere with the
“sample and samplmg method used. Although there are some advantages, the '
prasence of the raseaicher when respondents camp!ete the questionnaire maght '
have a negative influanae, as respondems fant prassurisa:i. - '

The third 'pmbler_n' 6ax(1979) discusses coneerns the issue of malling the
- questionnalre. Sax argues that thare is an éssu_.ghpﬂon made to the effect that
~ respondents are literate, Researchers of?cen assume that tééche_rs will uriderstand
_what they are expected to do, It became clear,  whilst runring tha;se' |
quasthnhairas, that this assumption is not correct. Some teachers wanted to

~ discuss _'tha- questionnaires with other sciance'tqachers_ and give ‘thaﬁret_ically' x .

correct information. In such cases the respondent s not necéssari!y-pmvl_ding the
 researcher with what he does but rather with what “theory” tells him to do, 1ri one -
school the respondent r_ef_uéed to explain why he was choosing those points,
arguing that he was only feporting what other membérs of the science department .
were daclding on. it was tharefore decided to :gnore this taar:her and school, and ”
~chogse anuthar comparable school,

Questionnaires are certainly not the parfect tool. In some cases the faspondent_
just writes ‘Not necessarily’. The Intentions of such statements can fmly be
assumed, In othar cases the explanation given clsarly does not agree with the
cholce of the respondent. The researcher is then compalleﬂ to make histher
judgement. Thus in somme cases conclusions may be based on information the
respondent may not have intended to give. |

3.4 CONCLUSION

The study hopes 10 coilect data on beliefs of a sample of teachms from Lesotho's
high schoois. These beliefs are about their teaching methods and students’
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knowledge. Equally important data concern the awareness of these taachers abnu*
the conceptions studants hold in elac:trnmagnetusm. which is ta be compared w:th
the actual students responses. “This data is analysed and interpreted in chapters
. 4 and b raspectively. ' '
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 CHAPTER 4
TEACHERS’ BELIEFS

4.1 introduetlon

The 1mpertanee of knewing how teechers thmk has been discussed by many
sducationists ( e.g. Pajares, 1882). They argue that te_ache_rs beliefs influence |

their teaching practices. This study s looking into this. Hence the first”

questionna:re asked respondents 10 mdieate, using a Likert er-ale, their agreement :
with a statement and then expleln their cholces. These respor.see are anelyeed in
this chapter. It should be noted that not all 21 respondents expiamed their ehaices

to all 24 stetements, but the majenty did.

Of the 21 teachers whose responses are analysed in this study 16 were treined

“teachers, Feur of these teachers had not been. trained to teach Physics at CQSC

leval: Two were Chemlstry and Biology teachsars, one had STC and. one was an o

~agriculture teacher, The five untremed teachers did however major in Physics In

| thelr BSG. The teaching experience (in Physies) of thesu teachers renged frem two
-months 1o twenty yeare. B

4.2 Quantitative data

" Table &4 (pege 41) shows the responses of teachers on the 24 helief statemants In
- Questionnaire 1. In order to find the general trend of responses, an ‘index of

agreement’ ({4} was calculated, A neget%ve index shows a disagreement with the
statement while a positive ene shows an agreement.

The table reflscts that tweive statements {1, 3, 5, 6, 8, 11, 15, 18, 21, 22, 23,
24) had /A in the rangs -0.3 to +0.3. This Indicates that, in general, respondents
had mixed feslings or no concrets agreemaent or disagreement with the statement.
In such cases it may not be advisable to conclude that 1eeehers hold any specific
belief. In some other cases {e.g. statements 2, 7, 10} a clear pattern Is shown, .
Theretore this sample, in some statements, reflects either a traditional view or a
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"'Respbnsas b e 3 4 15 |6 |N [ndex of agraement |

No. of Responses | 23 |32 [14 (21 |28 |6 |122]-0.153

non-traditionat view.

Tables 4(i), 4(if), 4(iii) and 4(iv) which follow present the same informtion as Table 4, but with the index of
sgreement caleulated for different categories, namely traditionsl teaching, views of electromagugtism, general
teaching methods amd use of éa&periments respectively. Table 4() shows a negligible Id. These teachers,

 therefose, hold a mixed beiief about teaching in general and in particular sbout electromegnetism. That is, some

teactiers reflect & traditionally inclined belief while others seflected 4 rather non-traditions] belief.

~ Table 41i} - indax of Agreement for catagory: traditional teaching

No.ofResponses | 14 |14 [12 |8 l2a ]9 |81 |o.oca1n

Likewise, Table 4{ii} also show a very stall /4. Thus teachers gven here hold a
mixed bslief about electromagnetism. There are those with & constructivist 'viéw |
and others with a non-constiuctivist view. it Is to be expected, therefore, that in

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

* of teaching where emphasiz Is put on students obeying and acceptl'_n_g the facts as

they are told by the teacher, while others use tairly constructivist methods,

Tabla 4{fl) - indox of agresemant -for_catagory: views on elemromégr‘iéﬂ#m

Responses 1 [2 |3 [4 [5 [8 [N [indexof agreement

'No, of Responses | 23 |27 |14 126 38 |16 | 142 [ 00211

Tables 4{iil) and 4liv) shows a similar trend as the above two cases, These tables
reflact & mixed feeling abaut teaching methods and the use of experiments. Thus
some teachers hold constructivist views while others hold non-constructivist views

in these catagories as well. |
Tabla 4{ii) - Index of Agraemeant for catagory: ganaral teaching methods

Regponsss 1 |2 J3 |4 |5 |6 [N |indexof agreement |
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Table 4(M . lndax of Aqraemam fur catagory us# of axperlmants

Responses 1 ]2 [3 |4 [6 |6 |N |indexotagresment |

No. nfhasponsas' 44 130 1138 ‘!0. 26 {18 | 141 -0.210

The sample in this part of the study reflects the existence of beliefs amongst the
teaching force in Lesotho. These beliets 'ara aither traditionalﬂ 0r'-nan-»tradltio'nal'
- The sample .irther reflects contmdicting beliefs about effective taa¢hlng methods
to be used in teaching alactromagnatlsm “Some teachers tend 1o balieve that
traditional methods, such as lecturing, are the most effective, whils athers tend to
indicate a nega'tive'-belief about such methods, ' o

4.3 Qualstatlve data
As noted in chapter 3, the statements were developed 1o raﬂect either a .

constructiwst view or 2 non-constructivist view. Thus, for analysis, the responses

are categunsed in terms of whether the respondants agrea or disagree with tha
statament. ' '

A complete list of all responses to every. statement is given iny Appandix D. fn the
discussion that follows we have omitted '

* responses where there is no useful information given, e.g. ‘Not necessarily’,
* rasponses that are too vagus or badly worded to decide the intentions of the
respondent. '

o responses that are a repetition of # rasponse glven by another teacher.

4.3.1 Studonts’ knowledge
4.3.1.1 Traditional Teaching vs Non-Traditional Teaching
Four statements were used to test the beliefs of teachers about effective teaching.
These statements are: '
1. if there must be a choice between the understanding of concapts, and
fagilitating the process of seli-discovery, then the teacher should rather
- emphagize the concapts. |
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15. For students to undersmnd the concept of the magnatic fleld they mus1:'
undarstand Fleming’s rules, _
18.  One of the things that make the concepts of ‘magnetic’ and 'electr:c ﬂelds' '
- so difficult is tha abssnge of formulag to axplain them at Ordinary Level )
' Physucs. . _ . '
21, There Is really a nesd for students to master all the formulae in
glectramagnetism because it is difficult 10 learn Physics without mastering L
such formulae '

Responses from teachers who agres with statement 1

T7 - Emphasing the concepts 45 a means 1o try to open the pupils to

discover them themselves actually helps them to better understand

these concepts other than whcn they are just said out and explamed

to them. _

T10 - This will nelp studems to get better undarstanding of the

 subject and also build interest and conf‘denee inthem, |

These _-ta_achers are agreeing that concepts must be emphasised in order to ensure
better learning. Thus, according to T10, this will give students confidence and
interest intearning sclance. The belisf underiined here is that 3mphasisfng concepts |
results in better understanding of those concepts. However, the following teachers
choose to emphdsise voncepts for the foilowmg raasons,

&
T9 - The concepts should be emphaslzed even in self—dxscovery can
only be limited by equipment
T20 ~ There is lack of equipment for necessary activities and also
discovery learning needs a lot of time,
Both see fack of equipment as a major problem, wihile T20 also argues against self

discovery because it is s0 time consuming.

The comms n thing about all these teachers' responses is that teaching should
: _cannen'tmte on emphasising concepts rather than fetting studenis discover i‘hin,qé
for themselves. They believe that dolng so enhances the learning process and
ancourages students to learn. 1t appears that thera might be a whole range of
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reasons that _iqachars. ma{f tite In support of this perceptian.

Responses from teachers who agree with statement 15:

T11 ~ In connection with electric currerts Fleming’s rule ate very
helpful as these is no formula for concluding or some thing.
T14 - If the rules are understoed the conzept will understood. _
122 - This is absolutely correct, demonstration with the Ieft and right-
_ ha:nd rules paves way for their understanding,

“These ifespons_es gannsct two things, namely understanding of rules and concepts. S

T11 says that the rules are very ha#pful and thers are no formulae for making |

~ conclusions. In other words, T11 bélitjives- that afer teaching the teacher should

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

T22 clearly state that undersranding Df rules helps to understand concepts’, in
o oth er wo rds, raaching should cant:entra teon teacﬁing rules whfch in turn will make
the understanding of concepts easier.

Responses fram teachars *ho agres with statement 18;

T6 - Formulae may help to enhance the urderstanding from
expenments =

- T15 - Some simple formulag will be always helpful _ :
T13 - Students believe that dealing with physics fieans daalmg with
formulae, - '
T10 - Formulag are really ot available but with the help of
experinents examples and applications students can understand.

Like the above situation a beilef is expressed that formulae play an 'ir_nportant role
in the understanding of concepts. T6 reflects the importance of formulas in

Physics, that is, making concepts easier to understand. Although T10

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

~examples can help understanding to some extent.

Responces from teachers who agree with statement 21:

T2 - Formuiae display mlanonshlp between quantities very easlly
T10 - Formulae or mathematical calculauons throw more light on
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- physics pmblems and hence should be mastered. '
21 - Equations help to remember the factors involved an.i how they
are related,
T7 - Formulas are basically sununaries of the concept:. dealt wnh in’
a topic so understanding them actually makes it easier for one to
understand the topic. - g . : |
‘These teachers express the feeling that formulas facilitate understanding of the
relationship between quantities and as T10 puts it they ‘should be mastered”. T7
agrees with T11 {in statement 15 above) that formulae are *...summaries of the
concepts daalt with..." The followlng responses bring another dimension of th's.
belief. .
T11 - Formulae and theories work ‘hand in’ glove.
T16 - Physics is all anut formulae and using them.
 These responses show the importance of formulae teachers give in the teaching
“of Physics. TTB expressas this bellef categorically, that is, ‘Physics is all ahaut |
formulae and using them.’ ' |

Some teachars appear to hold strongly 1o the above views { e.g teachers T, T10
and T21}. These are traditional views of sclence teaching where the whole
process of teachingllaarnmg centres around know:ng facts and being abla ta
master and use formulas 1o solve problems.

Not all teachers, as is 1o expected, agreed with all of thase statements,

Responses from teachers who disagree with statement 1

T12 - Emphasmmg the concepts brings rote !earnmg while self
discovery brings in concrete learning and adventure in the world of
Physics.

T6 - Emphasis on concepts may at times lead pupils to memorise,
T13 - Students believe that the teacher emphasize the most important
concepts.

These teachers raise the fear that emphasising concepts does not fostar what
Ausubel calls ‘meaningful iearning’ but rathar promotes ‘rote leaming’. T12
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camparas the advantaga of using self dlscaverv and the msadvantaga of
emphasising concepts, By implicatmn bath T6and T 13 believe that studaiits tend

to ‘taemedng’ whatever teachers emphasise. The following teachars express the ..

advantaga of self dlscuvary

TS - nxscovery is the. hest methnd of making smdems apprecnate

learning science,

T19 - The process of self-discovery promotes orxgmnl thinking and

~ makes young scientists,

T22 -~ When a student is allowed to discover a concest by himself the

| retenuon is evalastmg, than when the concept iser wszed upom,
The core of these statements is that nf making rhe leat. . of sgfe::ﬁé interesting
to stu_dents and thus encouraging them ta tind more by themselves, T5 slludes to
making students ‘appreciate learning of science’ whiie T18 talkg of promoting
origlnal 'thmking ‘These teachers seam tu recognise atudams ability to Ieam {in

this case thsics) hv themsalues‘ _

Responsas _fmi‘n‘ teachers who disagree with staterent 15

T5 - Flemings rules deal with the motor or generator. Magnetic field
is a property of magnets anytuane, :
T9 - The magnetic field can be understood very clearly without these
tules at High school level. :

T4 - 1 think they ought to learn abnut magnetic field before learnmg
Fleming’s rules,

TZ0 - 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 cancepts
st come before the learning and use of rules. They express the fesling that the
concept of ‘magnetic field’ can be taught with no reference to these rules and
students will still understand.

Responses from teachers who disagrae with statement 18

TS5 - We don’t need formulae to explain eoncepts. We use formulae
to apply concepts,
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'1‘9 The formulae do not make things clear they only help in
calculations, So the problem is expenmentmg '

The feeling expressed by these teachers is that und erstandmg of concapts does not
dopend o understanding of formulae. T9 implies that the understanding of
- 'magnetic’ and ‘electric’ fields is made difficult by the apparent problem m doing

- experiments. SImilar sentiments are expressed by those disagreeing with

statement 21.

Responses from teachers who disagree with staiement 21

- "T9 The students should master the concepts not forsiulae.
T20 - 1 think understanding the physical phenomena is more
- important so that pupils can use the formulae meaningfuily,

T13 - Students may master the formulae without knowing what they

are domg or laokmg for.
These taachsrs be!ieva that studants must master c:oncapts rath' *an formulaa,
ie. understandmg of concapts must cume bafora the introdue of formulae,
T13 warns that it is passible that studen*s know, and can use formulae. withaut :
understandmg of the concepts. Thus it may be concluded that these taachsrs i
believe thas teaching must concentrate on teaching of concepts rether then

emphas:smg rules and forrnulag.

The above discussion reflects the existence of twa categories of teacher in
Lesatho, namely those that can be said to hold non-traditicnal beliefs about
teaching and those holding traditional beliefs, The results agree with Pomeray's
(1992) study where both categories were observed amongst both secondary
science teachars and slementary teachers.

4.3.1.2 Teachers' views of elactromagnetic goncepts
Saven statements were used to test the ballefs of teachers cancernmg

glectromagnaetic concepts These statements are:

9. . Electromagnatism is the most difficult subject in Physics, and the most
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| diffleult to teach.

11. Students understand the differenca between the ‘elactric' and 'magnetic’_'

fields.

12, - ltis impossible 10 damonstrate the factors affectmg tha magmtude of tha _

emf induced in elactromagnetic induction,
13. . Students understa~d the concept of the magnetic field.

186, Dlstingulshing bstwaen the magr:etic properties of ircm and af steei is easv _

for students, _
20. - The transformer is the most difficult topic to teach in elactromagnetism.
24. Elec*:tc motors confuse studants. '

Statement 9 givas the -pict’ura of the genaral baliefs of teachers, - The following
prae with lt '

Due to iack of eqmpment and hmnwd synahus careful not to

| go beyond the expected,
T17 - Because it depends on the availability of equlpments

T20 - This is because there is no equipment to perform necessary

expeﬁments to make pupils see and believe what they are told. '
According to thesa__taachers- glectromagnetism may not be difﬂcult but it 'i_s
certalnly difficult to teach because of the absence of equipment. Without
practicals it may be difficult to teach electromagnetism. The following express a
different view point | | o |

T6 - Most teachers find it abstract

T19 - A students has o think well to understand the concepts. Many

students find it hart to understand the laws of e.m. induction,
These teachars find this topic absiract. Thus their teaching_mav_ba affected by
~ this belief. T19, by implication, seem to think that students need 1o put in extra
- gffort to understand this topic. ' -

Responses from teachers who disagree with statement 9

-T2 - Nuclear physics is more difficult,
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T15 - There are more difficult topics viz radioactivity, electronics, -
gte,
T4 - I think its easy because it can be shown with simple materials,
.8, a torch cell, a wire and a small compass.
T5 - It is infact facinating to students,
T16 - With adequate equipment, elactromagnet:sm can be fun and i 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,
T10 - The topic seems abstract to students at first but students tend
to love it and consider it the easiest in the end. :

Teachers such as T2 and T185 feel that there are other toples in Physics that are
more difficuli aofhpared to electromagnetism. Others feel that this topic is made
easy by availability of 'equlpmant to do experiments {T4, T13). T10 feels that
students tend to enjoy this topic, -Rega‘rdiess.of the various reasons teachers may
give they seem to all agree that this topic i$ easy to teach and for students to
understand underlying concepts.

The bellefs of teachers are thus divided an this general issue. The remaining
staternents refer to specific concapts in electromagnetism.

Responsus from teachers who agree with statement 11

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 magnatic.

;‘21 - The causes (source) quite different except the pattens may look
ike.

T10 - Experimentally the effects of these fields are understood by

students. Students know thenr existence and how differently they

function.

Teachers feel that students are aware of the ‘origin' and ‘existence’ of both
‘magnstic’ and ‘electric’ flelds. T10 feels that students know the difference
between these fields in terms of their effect. T20, howaver, suggests that *,..Jf
- axplained well students should not hava problem..,.” Thus he fasls that students
will not have any problem in differantiating between both fields if taught well.
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Resbo'nses fram teachers who agres with statement, 1,2 .

TS - It is dlfficuit 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 magmtude canaot be seen or be
demonstrated

These teachers in principle a'cceht that it is difficult to do ti_e'munst’kations shnWing

factors affecﬂr_ig the magnitude of the e.m.{. induced, T‘.IS_ claims that this is due

to the abstract nature of these factors. T5 connects the problem to the absence

of 'tééching_ aids or squipment for performing practicals, and T4 and T3 conour:

T3 - Lack of needed equipment !
- T4 - All it requires is the right apparatus and correct method(s).

Avatlability of equipma"ht to petform both dem-onstratinns and experiments appear
to be determ:ning factors for these teachers. [tis notad, however, that T4 alse
makes referenca 10 correct teach:ng method(s)' which could be used,

Responses from teachers who _agraa_with: statement 13

T9 - This one can be understood as the effects of its presence are
clear,
T10 - Stodents appreciate the exlstence of magnetic field and how it
functions.
T18 - Concepts of the magnetic field is the basic idea which needs to
explain e.m, induction, Besides that it is a vury simple concept in
magnetism,

~ 'T17 - They have done this experiment at lower levels.
T20 - This is because magnetic field can be defined with words
clearly.

- Teachers believe that this concept is understood for various reasons. Some

teachers (T9 and T10) think that studenis know ot ihe effects of the magnetic
fieid and are aware of Its existence, while T20 feels that they should understand
‘because it can be ‘defined with words’, T18 considers this to bs a 'very simple
concept’ while T17 alludes to ile fact they are expouted 1o have met this concept
in the lower classes. Other teachers, however, beliove that experiments play an
- important part in students’ understanding of magnatic fislds.
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T4 ~ It can easlly be shown using a perm'ment magnet and iron |

filings. '

T11 - Students seemed to understand by zid of experiment and their

informal knowledge of action of magnets. :
According to these teachers students should be aliowsd to do experirents on-
. magnetic flalds, T4 suggests that students understand this concept if allowed 10
do expenmar‘ltﬁ using permanent magnets and iron flhngs and thus obsarvmg the

patterns formed. T11 acknu_wle_dges the influence of ‘informal knuwledga_‘ v
-Résponses: from _teacheré‘- whdlé'g'ra'e with statement 16

T14- Since students wﬂl be hlowmg the difference between iron nand ]
steel, - B
"T22 - At senior levels it is not a problem because the percentageof 1§
carbont in both iron and steel gives them easy access to their . i
- differences in properties. E : !_;
T20 - This is under the condition that there it use of & s_ﬁnple R
activity to reinforce the understanding. - |
Teachers {T14 and T22) are of the view that students knaw that both stoel and
iron ars of different chemical structure. Then because this understanding students
are able to distinguish thelr magnetic properties. T20, however, thinks that this

understanding is enhanced by use nf a simple activity.

Responses from teachers who agres with statement 20

T7 - It is not eagy 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 understand especiaily

because we never do practicals on transformers.
Taachers feel that students do not understand this topic b-acauée of the lack of
equiprent and the abstract nature of the topic. T9, and hence T7 by implication,
seer to suggest that the main problems lle in the understanding of the concept of
induction. Thus teaching this topic becomes problematic. V13 raisas a different

reason for the same view:
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T13 - Students takes fime to understand the difference between d.c.

and a.¢. so this makes transformers difficult.
Teaching proble'ms revert back to difficulties with pre-requisita knowladge about
d.c. and a.c. ' ' '

Responses from teachers who disagre’a with statement 24

T15 - They enjoy the expts on electric motors.

'T17 - This can be shown to studenis or demonstrate.

T22 - With thorough basic background on A.C. and D.C.’s motors

the student i3 at safely to watch whatever is required in electric

motors
Performing experiments andjor demonstrations appear to be an important factor to
these teachers. T1E feels that students enjoy doing experiments on ‘eleatric
motors while T17 feels that demonstrations 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. befbrehand.

The general picture in this section is that teachers feel that these concepts of
elgctromagnetisin are, 10 some exterit, easy and as a result students understand
them well. Understanciably their teaghing should be influgnced, 10 some degree,
by this understanding. However there are some teachers who maintain that these
concepts may not be that sasy to studernits.

Responses from teachers who disagree with statement 11

T6 - Mostly they confuse the two

T22 - it indeed poses a strong confussion when these two fieids are
introduced but with time and through explunations as well as
emphisis on direction of flows, This is over(?)

T7 - They slightly confuse the two and it dows take them time to
make a difference.

T19 - Most students understand mag, field. But tney cannot

understand electric fields.
Pmwhet followod way no Jouger legibla

These trachers acknowledge that the difference between the two field concepts
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is not clear to most students. T19 feels _that' students only understand the
magnetic field but not the electric fleld. The following teachers express views that
might have implications for their teaching: | '

T9 - This are not vissible so they ae not very clearly demonsirable -

Ti1l - Students tended to confuse the concepts. In fact they

interchange them without seasons in miust cases.

T13 - Because the properties of electric field enable the stude-lts 10

reaﬁse that electric field is due to current.
‘T9 rafars to concepts as not being visible and hence not demon_sftab_le. The

problem which T9 faces is that many concepts in Physics are not visible but

nethertheless they are to be taught, T11 uses the phrase ‘...they interchange them
without reasons in most cases ', T11 cannot see why students do not underg *and
these two concepts that are clearly different and understandabie, Clearly he fails -

to see the -probl’etns affecting the learning of students. T1 ! says ‘...electric fiold

is dus to current,’ All these teachers reflect some degree .. ﬁpn-constructivist_ '
teaching. ' ' '

Responses from teachers who disagree with statemant 12

T7 - 1t is easy to arrange such an experum.nl especzally at ngh
school level.

T18 - It is not impossible - for e.g, increase the no, of turng of ooil :
use a powerful magnet, insert the magnet with more quickly will help
to show the above idea.

T20 - With well designed activities and suitable apparatus effective
demonstmtmns could be done.

These teachers do not baliave that it is Impossible to demonstrate these factors
experimentaily. '

| Responses from teachers who digagree with statement 13

T6 - Some find it as something in heaven,
T14 - Not ail will understand it at a go but they need basics.

Clearly these teschers feel that not every student understands the concept of the
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magneﬂc field Howevar, T 14 suggests that to understand students nead to be |

| givan‘ ‘basics’,

BeSpun_ses .f_rdm teachers who disagreé with s&afémen_t 16

’I‘li Some students tend 1 confuss 1hem

T16 - Sometimes it is not so easy for them to anderstand, S
_T18 ~ It is not quite easy - Most of the stuclenta think that there | is e
'dnffarence between iron and steel, _

- According to these teachars students tend to thirik that steel and iron are the same
matetials, Thus because of this .canfusiun-they co.nf_use their magnetlc propertiss,

Raspunses-from teachers who disagme with S{atement 20

i1 - Most uf my Qtudents showed enounh understandmg in

“transformers. o
Ti2 - It is easy bem.se there are many physmal s:tuauons the

. transformers are used. e
_T14 - If electromagnetism is understood there | is no wa.y sdentscan
fail to understand transformers, o
T19 - 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 {s, the topic is not difficult especialy if it
is taught to pupnls w:th a good background in electromag. atic
induction, '

T10 - It is rather the easiest toplc. Students easily uuderstand the

concepts and the calculations involved.
Teachers feel that transformers are easy for students to understand. However,
pre-requisite knowledge must be understood. According to them {e.g. T14, T19
and T2Q) .uriderstandlng these prior ¢oncepts paves the W_a.v for urtder_standing of
transformers. T10 sees transformers as the ‘easlest topic’. By implicaion these
teachers see transformers as easy to teach. | |

Responses from teachers who agree with statement 24

T2 - More éapwially if they-'.cannnt distinguish concents of a.c.

generator well.
- T12 - There is a tendency for students to a.c ,g,enu"\tﬁrs as if they are
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also motors,

TS5 - Especially if they have not understood- electrumagneuc
induction. They confuse the two fleming rules,

Ti4 - Some may be confused if they did not untlt,rah'md electricity
and its concepts, '

T11 - Too mmany underlying concepts, lack of 1e.1chmg eqmpment
T20 ~ This i in a case where thete are no apparatus to help students
se what is really happening.

Some‘teachers, e.g. T2and T12, feel that students tend to confuse al_ect'ric motors
with generators while others, such as T5 and T14, feel that the problem lies with

~ prior knowledge. There are other teachers who feel that one of the cowibutmg
factors is the Iack of equipment {e.g. T9 T'i‘l and T20}. -

Th‘e_ abova discussion .reﬂabts a pularisation- of heliefs of t-eachers-abﬁiat students’

knowledge.  Sor s believe that students easly understand electromagnetic

concepts, so that thare are few teaching difficulties. Thay believe that teaching |
always results in desitad outcomes. However other teachers belleve that

el_ec_tmm'agnatib coficepts are not easily understood by students,

4.3.2 Teaching Methods

4.3.2.1 General methods

Six statoments were used to investlgate teachers behefs about effectwe teaching
methods in ths:gs,i particularly in electromagnattsm. These statements are;

& A big weaknass of discovery activities in electrinsagnetism is the difficulty:

in getting the children Yo come up with the right answers,

4.  Because of the amount ef 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 f'nd out what ideas

students ajready have.

8.  Students do not know any thing abaut electromagnetism, so the teacher

needs 1o tell them all the basic facts.
14, Electromagnetic induction can bast ba understood bv students if teachers
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usa demonstratlans in thelr lessons, . _
23. Because it may not be passible to do expermants with transformers. tha
equation Vp/V, = NN, should just be given 1o _studentstwhe_ra N, is the
’ numbef of turné on prlmary coil, N, the number of turné on secondary coil,
'v is the vnltaga(pd} across the pnmarv coil, V is the voltage across the
- sacondarv coll). _

Statement 7 was used spéciﬁéaliv td_test "thé beliefs of 'taachers about the
fundamental tenet of constructivism which hes direct impact on the chaice of .

teaching methods. 'Aimost aveary teacher, who responded, qgr'eed with statoment |

7, thus accepting that in teaching electromagnetism students ideas rnust first be
identified, Responses are a8 follows

T4 - Siw.é they will be taught of the known to the unknown
T'7 - 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 undarsmnd it -
(when the teacher aiready knows their minds) : '
- T1Q - This will draw the attention of the students 1o the lesson. The
-~ teacher will also know where exactly to stari trons.
T18 - This helps the teacher to formulate the method for mtroducmg
the concept effectively,
T20 - This help a teacher to know the level of the pupil and if they
* have the required prerequisite knowledge. The tt.acne,r can introduce
the concept {rom the right place,
T11 - Electromagnetism {s the t0p1c which builds up on some other
concgpt, 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 the already existing
knowledge of students. This helps students to then move from the known to the
unknown, Teachers also feel that this 'w_ili 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 an insight as o which areas wﬂl
require strong emphasis during his teaching
T16 - This will enable him to structure the waork in such & way that

§7



S Y P

their m:sconcepnons can be rectnﬁed : .

“T19 - This helps the students to memorise the idia which they may .

have wrgotten. It also encourages creauve thmkmg, -
lt is smgested that know;ng students ldeas helps the teacher 1o address thosa
ideas that need particuiar attantlon, either because they are completely wrong or .
partially wrong {T4 and T16). T‘!Q raises two Issues which seem con‘tradlctaw, :

i.e. encnuragmg memarizaﬁon and creatwe thmking

Statements 3 4, 8, 14 and 23 were used to test teachers bahefs ahout the__ _

| teachmg of a!ectromagneﬂc cancapts.

- R'asponses _fmrh te_achers who agree with statement 3

"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 i8 difficult for students ta stick to. .
15 - And also getting the apparatus which work
~T13 - Most of the time they don’t trust themselves sq 1t‘s not easy
for them to come up- thh the nght answer. '
T7 feeis that if concapts are not understood by srudenrs, ‘then thav are Iess hkely
to come up with correct answers If allowed to do self discovery activities. This
discovery activities should be suppottad by some form of pnor knowledge. Sorr\‘a
teachers (e.g. T12 and. TE) feel that the problem lies with the fact that thé_
concepts in elgctromagnetism are mostly abstract and tha absence of apparatus

makes it difficult for students to find correct answers on their own, T15 had this
to say: '

T15 - In such cases the students will bL. told to repeat tha
experiments, :

Obviously T1% would like to maintain that students should always come up with
right answers or, If not, they shoulti repeat the whole experimsnt.

Responses from teachers who agree with statement 14
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'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 o observe hence improve their
understanding, -

Ti2 - This because 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.

T2] - Precise to the pomt and no waisling of 4 lot ime

Taachers 7 and T14 think that demonstratmns in seience teaching simplifv the

concepis thus_maklng it easler for students to understand them battar. T20

cdnsiders demonétrations as the best teaching . method, The fnllowmg, aven
though thay are agrealng with this statement, have a differing view:

T2 - Apphcabie in the case where appamtus are few, but students
should do expenments.

T4 ~ In situations where materials ars hard to find, demonstrations
¢an be used, But I believe guided experiments are the best, _
T9 ~ In addition to this the stadents should do some expenments on
their own,

These teachers feel that demonstration is the best maethod If there Is no'equlpmeht.

Howaever if aquipment is available than the best approach w:ll be to let students da
experiments. '

Responses from teachers who agree with statement 4

T2 - In the case of lack of apparatus and explanation should be done
to reinforce concepis.

T18 - 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.

Three reasons are advanced for using the lscture imethod - the need for a strong

theoretical framework, the time wasted in discovery activities, and the lack of

~ apparatus.
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Ha'&p‘onses from teachers who agree with statement 8

'I‘22 This is indesd acceptable. By given them the basic facts they
are equipped to research and enrich their knowledge farther.
T7 - Telling then the basic facts actually helps in building 2 strong
foundation of electromagnetism which will help them to best
understand follow the following presentation of the topic
T14 ~ The concepts should be understood so that facilitating can be
easy - - ' .
- TI3 -~ Students become aware of the things conceming
~ electromagnetism if they are told of the lm.,nc concepts,
Telling facts has advantagas according to these teachers. It helps to form a strong
foundation upor which future learning can be based (7% and T22). it also _makes' |
students realize some of the things they were not aware of (T13). Thus these
teachers feel that students must be told basm facts about eleatromagnetisrn to

famlltate thelr learn‘ng‘
Responses from teach'er's' who agree with statemént 23

TS - They have almost aIways understood it espechlly when they are
comfortable with radlos from maths lessons.
This bartlcular teacher does not see any problem with giving students pquations
as long as they have had nécessary skills, from mathematics for example, i:o 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 g_iving of equations,

7 - Through explanation has to procesd the giving of the equauon
so that they should understand all what they means,

T13 « At feast an understanding is required for the student to accept _
the equation,

T18 - Without the basic ideas about the transformers wﬂl give the
students confusion.

There are also those who feel that it is correct to give students equatidns because
equipment is limited and difficult to get,

16 « If transformers are not available
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T19 - 'I‘ransformers are expenswe and als0 they get damaged very
often

‘Some feel that transformers are "difficult to -und’erstand, but with a weli preparad"
lecture method students will understand the equations. -

T17 - Because it is a difficult topic m physics _—
T20 - With a well prepared iecture method the concept can be
leamed very well.
The following teacher feels that students at this level should have enough skills to

' perform necessary calgulations even without doing any experiments. That Is,

'equatlons can be given to students since they will understand the theory without

- anv prublem.

T10 - Physics students should be able to do such calculations and
they should know the formula even if thL.y don’t go through the
experiment.

- Agresing with these statements refiects a traditional way of lodking 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
be used to teach effectively in science, Not all teachers however agreed with
these statements.

‘Responses from teachers who disagree with statement 3

T3 - Though I have not done the expts with my students duoe 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 had enough expcrlmentanon they certainly can
come up with correct answers.
T10 - With close supervision from the teacher, students can be able
to overcome such difficulties.
Ti1 - In dlscovery actmnes students tend to pay- much attention to
' important points, _

~ Teachers believe that lev discovery activities students are able to came up with right
answars. However T10 feels that in order 10 do so students nsed some
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supervision from teachers. T4 feels that prior preparation from the side of thé |

teacher beneﬁts students. T feels that the advantage of discovery methads is
to make students -oncentrate partlcularly on Important pomts. T18 hasa differant
oplnion: - '

T16 - It is not always the case and even il children fail to come up
~ with right answers, the teacher will have the task of shuwmg them
why they wrong. ' -

He axpres’ses the responsihll’i*v of the teacher in the event that students are not

able to come up with: the Gorrect answer. That is, the teanher should explain o

students where they went wrong and probably convince them why that is wrong.

T20 feels that _it_ is not the aim_ of discovery actwmes tq come up with tha righft

answer:

- T20 - Ch:ldren du not neccssarﬁy neetf 1 come with. nght answers
but they need to be given a strorlg iden thmugh well designed
activities, '

-T20 seémstu suggest that dleoverv activities shbuid nat be 'dire'cted towards' .
getting carract answers as such, but rather towards givung students an

apprectatnon of sclentiftc methods

Responsas from teachers who disagree with statement 14

T10 - Some of the concepts are not easy to explain to the
nnderstanding -of the students through mere demonstrations without
experiments. _
T11 - Some students may not understand the underlying concepts
because demonstrations are done in too big groups, -

Demonstrations, as & teaching method, are thought not to be convenient for two
reasons: elactromagnatic concepts are difficult to be. understood by mere
demonstratlons, and secondly dermonstrations ure often done 10 groups that are

too big. T10 seems to be more comfortable with the use of experiments as the
‘bast teaching methad. ' '
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Responses from teachers who disagree with statement 4

T7 - It i3 not good rushing to finish whatever has to be offered to
these pupils before their final exanimations, The lecturing method is

a disadvantage since they are battling with the Ianguage with
“understanding the material itself.

T10 - Teachers normally use the method i’ exposition in this branch
of Physics because of lack of sufficient teuching aids.

T - ‘This could only depend on individua! teacher not that there isa -
lnt of material to be taught.

The 'feeiing these teachers express is that the Iécture niethnd ‘will not help

) students. T7 feels that the issue of medium of instruction remams a problemn to
most students and thus affects their speady understanding of concepts. The lack

of squipment is cited as a factor that compels other teachers to use exposit:on
methads’. T9, however, thinks that this is an issue which is at the discretion of
teachers. The following teachers have 2 diffarent view:

-T4 - I 'believe in making students perform experiments to discover
for themselves how ordinary magnetic materials are made into
magnets by passing electricity through themt and also see that they

 behave like permanent magnets.

- T11 - Experience have proved that studenis are confused in learning
electromagrnntisr. Practicals and experiments can usually bring more
understanding in Physxcs.

TS - This topic requires § 2cticals and even use of models to show,
say, that field lines are not on a single plane, -
T14 - Electromagnetism is a practical lopic hence 50% lecture
method wil! be a waste of time since student will not make sense of
the taught.

T16-Thisisa purely practical topic and whenever possible I.. *mnng
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 teachars’ explanations -emphasise the belinf of teachers towards practical

work., They think that electromagnatism is a difficult and abstract topic which
must be simplified as much as possible (T4 and T11). Because of this abstract
nature of -electmmagnetism, T‘i4 finds using the lecture method to teach B0% of
the syllabus as a waste of time, presumably because studenis will not ba

following. Thus where possible teachers should use practicals more often.
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Responses from teachers who disagree with  stitement 8-;.7._

3 -‘T4 X dlscoverwd that students had seen dwtmnnagnen'sm in- theu‘- :
everyday lives but did not know that it was electromagnatism
T10 - Students know something about the subject but they may not
-be aware of that fact. Few examples and applications will jelp.
TS5 - At COSC, students .already have  some Idea about

. -electromagnetism '

'T17 - Because they have done tnis topzc at lower level. :
T9 - This depends on the backround of the smdents not that they do
. not know -

- T13 - They know. What is needed is an introduction for recouectmn.

T16 - Students need not be told evervthing as they may find
' somethings for themSalves if gwen a chance, _

Taachers raalize that students dlready know so: nethmg about elactromagnetlsm
before any fesson. Such knowledge might have freen obtain .ed from thetr pravious
lessons or avaryday observations. T4 and T10 ieel that students know someth!ng

but may not be aware of it, Therafore the role of taach:ng should be that of _'

making them aware Df this knawledge and reshaping it.
Responses fram'ieashers: who disagree with statement 23

T9 - Just giving the equation will . fead to memorizing not
. undemtandmg so experimenting is still the best method.

Ti1 - 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 simplity the formula

T21 - Experimental set-ups even help to make students appreciate

efficiency of it.

These teachers believe it is possible for students to do experiments on
transformers. T12 faels that transformers are available for practicals at this level.
T9 warns that glving aquatidns runs the danger of students not really knowing the
- concepts but rather memorising them, |

These teachers, therefore, are divided on their beliefs about effective teaching
methods. Some are ¢learly non-constructivist, while othars reflect some degree
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of constfuctlviém. it Is howevar difficult 1o clearly separate these catagoriés, "i‘he’ |

section that follows looks at the beliefs of these teachers about the usé of -

experimsnts in Physics classrooms

4.3. 2 2 Use uf axparlmants

Seven s.tatemems wers used to test the beliefs of teachers about thB use of
experlmants in teaching. electromagnetism. These stataments are particularly
testing teachers be!iefs on the importance of expenments In thesr teaching The

statements are:

6.
10.l

17,

19,

22,

Because Students do not like experiments on the design and use of
nermanent magnets and eiectmmagnets l slmply do not let them da such
experimants. '

A big probiam in teaching eiectromagnetlsm today in that it is so expenswe '
to do meanmgfui Iabaratorv expanments at all levals,
_In parforming experimants in electromagnetism, the best learning i rs likely to

take place If students are ahle to work alone,
Experiments help students to better understand e!ectmmagneﬂc concepts '

sush as ‘magnetic field’ and magnetlc induetion’.

Having fun or structured plm ,! with magmts in Physics Iessons is a waste of
lime. _

My students enjoy doing practicals on a. ¢. generators.

it is not advisable to allow students to do practicals on transformers because
transformers are very dangerous to work with,

All teachers who responded to statement 2 di'sagree(_i with it. Some of those

teachers felt that experiments make the learning ¢f -t:oncepts easier:

T2 - Students learn better when doing experiments

T14 - Students learn best by doing rather than by being told

T3 - Berause it is through experiments that stadents learn more
effectively and the way the teacher intraduvees it

T7 - Experiments are on their aim, the best was of making the
students understand theory and the convepts invelved. - '
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720 - Expenments generally form part of learning which.interest
pupil most and reinforce their understanding of concepts.
T12 - Te get the concept of another metal attracting another 1s

: dlfﬁcult to explain: w1thout a physical example,

The above respt_:mses express the view that 1he best ‘way students can learn
Physics is by dolng experiments. The vilew that experiments simplifiaé abstract

concepts has been implied {T12). There is ancther 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 domg expenmems
T9 - The students like experiments a lot it could only be that they

- sometimes do rot have enough time or equipment.
- T11 - In general students seem to have great interest in expenments

T17 - Because students like playing with magnets and like to do
expenments.

There is another group of teat.‘;nrs who fee! that it is the responslbi!ztv of the

teachuar to make surg that students enjoy doing exparlmants, by trying to make

them as enjoyable as possibie:

10 - The teacher should try whatever means possible within his
capacity to let students know and accq)t the impottance of- these
expts.

T16 - This will ot help them understand the coneept, so if they do

not like the expenments a teacher has to try and make them more

interesting,

T18 - Experiments must be periormed by the students thh the
assistance of the teachers. It helps the students to catch up the
concept easily, .

Responses from teachers who diSagrea with statement 5

T4 - Improwsmﬂ labaratory material can help solve this prob:em

T22 - 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 do a lot to- studa s, so using

“available matarials éxperimenis ¢an be done,

T19 - Apparatus for expts on e,lectron.aunensm can be-got at low
prices. _




g

The feeling expressed by seme teachers (T4 'md T22} is that it is possibie to
perform soms basic experiments by using inexpensive !eearly avallable materials,

This requires teachers to put in some mlmmal effort, T13, however, seems (o feel

that in the absence of such r:heaply evalleb!e materual teachers can stiil reserf to

demonstrations.

Responses frem_ teaehers- whe'eg:r'ee with statement &

TE But ueacher h«s to be around to clarity where problems arise -

-T'16 - Students should work under close supervision of the wacher as

- they may semetlmee t.ry dangereus things, .
Altheugh theee teachers agree that students working aiene in practicals are hkely '

to reflect the best iearnlng, they also feel that the hetp of the teacher from time- 1o

time is neeessarv T8, however, seems 1o be sceptical that if students are left
alone they mlght trv 'dangereus things, s0 they must be closely superviead by the .

teacher. Other.teachers _express other advamege_s of Iettlng studquts work alene. '

'T9 « This s 50 because students should e able to thcuss;s thmgs on.
their own,
‘T13 - Because they are able to discover sume congepts whick enable
them to understand what they are doing. -
T14 - Since they will see most of the things by tlxemselves and they
will comié up with questions to the teacher.
T7 - 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, '
T10 - The student will get full kaowledge and understanding of the
expenment from his own observations wrl conclusions.

The responses above express the view that when students are working alone thay

are able to discuss and urdarstand concepts because they can directly cbserve
things that shouid challenge their understanding of the concepts. T7 implies that
th_e presence of the teacher ¢an, at times, have a negative influence on students’
ability to perform experiments and make observations. '
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Responses from teachers 'Who’agree with statement 10 |

T6 - They learn from what they see. :

T9 - They gan never be understood if they have never been seen,
T15 - Only through experiments they can find it themselves,
T22 - Yes indeed. What the eyes see is retained in the brain for a
longet time than what is heard with the ears.

The teachers fee_l that students hardly understand unless they see things_.mTQ’s
argument is even stronger; i.e. /f concepts "...can never ba seen.” fth’ey LGN
never be understood ', Thus, atcording to T9, unless students perform experiments

they may nqt'ba expected to understand the concepts. The f'cilt:wi'ng had other .

reasons:

- T7 - Even though we don’t perform experiments at this school
becavse of inadequate facilities, exper:menm do help students
understand concepts. ' :

'T10 - Experiments make students get those physical concepts WhICh
seem S0 abstract and imaginitive, '
T11 - This are rather abstract concepis which without aid of
experiment its very difficult for students grasp the concepts.
T13 - Because students start to compare the magnetic field of the
permanent magnets and electromagnetic field,
T17 - What the students have done is not easy 16 forget,
T20 - Thess are concepts that pupils cannot imagine or see around

- hence why ati experiment can reinforce the understanding.

'A-s_ with the other statements above, the view is once more expressad that -
experiments simplify the abstract nature of electromagnetic conecepts and hence

make the understanding of such concepts easier. T16 sees the importanca of
experiments from a completely different ground; that of culture, However, itis not
clear whether he foels that -electramagnetic concepis cannot be explained by the
African {Basotho) culture, or that students from these cuftures will not have any

~ idea about these concepts because they do not exist in their culture:

T16 - These conecepts do not exist in our culture so without
experiments students may not understand nor belief.

Responses from teachers who disagree with statement 17
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T18 ~ It is not a waste of time providecd that if you have enough time
- 10 spend, '

T19 « It is not a waste of time. It creates a cieep liking for subjects

T6 ~ Playing does help students to Tearn.

T4 ~ Students learn more this way

T11 - This is the most important part of learning as what ane does

is not easy to forget.

T9 - 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 are told of.

T10 - Constructive fun or structured play will help make students

understand the lessons. _

T22 - When you organise a structured play or fun stidents easily

adapts an underatands faster as well ag rewain all they have Jearnt in

the process.

T15 - 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.

Teachers feel that playing with magnets is helpfu! to students, and is not
necessarily a waste of time. However T18 says this is only the case if the teadher_
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 struetured
plays are smportant to the teaching/learning pracess

‘Responses from teachers who agree with statement 19

T10 ~ They are excited to know that such simple experumnt can Jead
to the production of electricity.
T13 - Because they are supprised of how a.¢. can be used to do a
certain job,
- 'T6 - They find them as attractive machines.

Ti2 - This because they are kept on the alert by the way the s.m.f.
causes the pomter of galvanometer to deflect.
T9 - Students enjoy doing experiments un everything pmwded there
is enough equipment,
T22 - They do not always enjay it but ubout 70% of the students
have intentions to further in science enjoy it especially the club
members

. T14 - Since they pracuca that has been fectured,

Teacher T 0, and T13 by implication, feel that students are interested by seeing
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electricity being broduced by such simple experiménts. T22 feels that students are
influenced by thelr ihtehtfons fbr futurs swdie-s. Gene_fally t:hes_e teachers feel tha.__t'
students enjoy practical_s.' However T14 seems to believe that's'tud_'erits must db. N
practicals in oi’der to verify what they have already lea_rriéd.

Soma teachers helieve that experiments interest students but they {teachers) do =

not conduct such expariments bacause of lack of equipment:

T4 - T have tad to do demonstrations in this topic due o lack of |
apparatus. '
T5 ~ 1 think they wuuld enjoy that if they had the ch'mce . We did
not have strong magnets and sensitive ﬂa!vmometer

- Responses from taachers 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 transf‘ormers are not. dauwemus, even the students can
designof.
T3 - Because teachers wide know}edg,e of dangers can pruvls.le a safc
surrounding.
T10 - With the close supems:on uf the teacher students can safely
perform such practicals,
' T15 Not very dangerous as we can help them and be with them,
Teachers belisve that students can do expe_rnments on transfor,meré, e,
transformers are not dangerous (T4, T6 and T18), Others {T3, T10 and T15} feel
‘that with the help of the teacher and strict supervision students should be ableto
do such experiments. T3 believes that teachers do have a wide knowledge of

. possible dangers.

The above discussion once more underlines the importance some teachers give to
experiments in their teaching. That is, these teachers beiie-.e that the best
teaching method in Physics education is the use of experiments. The foliowing
discussion reflects a completely differant view, Soma teachers do not show such
‘emnthusiasm for letting students do experiments. |

70




Rasponsas from -te'achers who agree with .swtamént 5 -

T‘? 1 agree with this because these t.*qmpments!apparatm # realiy
expensive _
110 - Experiments on electromagnensm are $0 expenawe that schools
can’t afford, Authorities should try to provide the necessary
_equipments or apparatus for such experiments.
TI1 - There is a lack of apparatus parmulally at COSC level but ic
~ level the apparatus is not that expensive.
- 'T14 - 'The apparatus use are not avmhble in most schools hence

expensive

T17 - Because many schools have ne hhomtory and no eqmpment.-
These taachers admit 'that aquipmr:mt is expensiva and that schoa]s cannot affard
electmmagnetism eqmpment. Therefore such axpenments are not dnne at their
schoals, T10 rnakes 8 plea to authontnes to. help schools with neces'sary

eqmpment. R

'H'esponses from teachers wha -disa‘greé ‘with statement &

- T4 - Working in groups helps students in that it enabies them to
discuss their observations and share the often dnncult task of -
drawing conclrisions from observations.

TZ0 - Learni®2 in most cases take pl'lcn. effectwely in g.ruup work

- discussions. .

19 - Most students are more active when they do groupwork A

-student does not like to stay in lab alone,

‘T3 - Because at secondary level their knuwledge is 100 very litile
'regardmg the topic

: According to thess teachers learnlng Is effective If students wark in grcups. @, it

helps them 1o share ideas. T3, 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 statemant 19

T15 - It is a difficult expt to perform at ordinary level.
T17 - Some are afraid of electricity being choked,

T15 feels that &.c. generaturs are diffioult for students, while. T17 fears the
~ dangers of doing practicals at this lavel, '
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Responses from teachers who agr'ae with s atament 22

T2 - 1t is better be handled by the teacher for fear of high voltages
that may resuit.
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 themselives -
if not cause death,
T17 - Afraid of being choked. They can just be showu and explmned
to them, Voltage is very high -
111 - Demonstrannn shou!d pe preferred here,
Thesa teachers are agr'euahza that some axperiments can be dangerous. T17%, and
T17 by implication, suggest, ns an ulternative method, that the teacher should

- rather do demonstrationr.

The _abave résu&s refies 5 . W i{ssues, Firsi-ly, diffarent views about
teaching methods ai’a__-inré?:.:aa._ _.zchers can be divided iInto -éategories
depending on thelr beliefs chout «fie. .+ teaching methods. We agree with
Hashweh (1996) who catagorisé teactia2 as learning constructivists, isarning
grupiricists, knowledge construntivists and knowledga smpiricists. We also agree
that the categories cannot easily be separated: indaed they are nat mutually
exclusive.  Secondly, different teaching methods - such as lecturs,
axparimentation, discovery ~ have beeon reflected, hut the use of experiments has
proved to dominate the choica of these teachers.

4.4 Conclusion

This chapter revaals the following:

i) Physics teachers_ in Lesotho reflect both non-constructivist as well as
constructivist bellefs about Physics teaching and Physics itself,
Traditionalists belief that Physics is strictly bound by rules and facts that
must be known by the student. Some teachers showing traditional views
_baﬂov& that for students to understand they must know rules and formulae
because of thelr importance to the L:ndérstandirig of concepts. These
teachars balisve that Physics Is a body of known facts that must be
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_accepted by their studants. Teaché‘rs are seen as having this knuwladga.

and their fundamental role is ta tell it to their studem‘s, who m turn must
accapt it. - ' ' '

The study reflects that some teachers are aware, 10 some extent, of the
possible ideas of students, while others may not be aware. Those teachers
_ who seem not to ba awara of students’ aiternative conceptions tend tﬁ think
that students -ralatmly easily undersiahd concants, Ther'efuke thereisreally
‘na reason why students cannot understand such ‘easy’ congepts. '

_ The study slso reflects teachers’ beliefs abaixt effective teaching methods,
“There arg same teachars who. mgm 10 beheve In trad:tmnal mathads, such
as lecturing, because, amongx,)ether things, the subject is difficult and

students misst be given more basie knowlgdge. Others seem to beliave_that

there is no -nther WEY ex{;ep’c to use experfments. Likewise thev also raﬂact __
8 belisf that alectromagnetic concepts are abStract and the anly way to
---undarstanﬂ them is by use of expenments, '

N
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|  CHAPTER 5 : |

TEAGHERS‘ AWARENESS OF ALTERNATIVE CONCEPTIONS -
5.1 !ntreduetion | |

In - this chapter an analysis of data obtained from the secand and thivd

questienna:ras is made. Ten teachers, w;th a total of 235 students. agreed to
par‘ticlpate in this part of the studv. -

“fhe chapter discusses teedhers' predictions of thelr students’ responses. This

analysis assumes that if teachers are unable to predict responses of most of their
students, or predict incorrectly themselves, then they cannot he aware of the
pos-sibie: responses of their students‘ This then means that the\k are not aware of
students’ ideas, and hentce of pessible alternative conceptions heid by students,
This further means that such teachers are unlnkeiy to ba. usmg constructivist

strategaes slnce they falt to appreciate the fundamental tenet of the constructivist

theory, l.e, each learner comes 10 classroom wlth already existing ideas ebeut a
specific phenomenan. '

The analysis in this chapter Is done by Iooking at both the quantitative and

qualitatwe data independently of each other

5.2 Quontitative data
The tables to be discussed in the following pages summarise beth the teachers
and students’ responses on the second and third questionnaires respectively. The

- tables show the’_ percentage of agreement betwean each teacher _and his/her

students for each of the five questions. Each question is analysed by two tables
(e.n. Question 1 by Tables 5,1} and 5.1(i)). The first table shows the following:
a} - responses of the teacher, i.e. the response that he TH!NKS is correct,

b} his predletlon of studants answers, and

c}  the answers of his students, . .
The second table cormpares the teachers’ predictions of students answers and the
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actual responses that students chose mbst. _ '

Ft‘:i Question 1 , Tables 5.1(i} and 5.1 {ii} {page 76) reflected the following. Table
5. 1{l) shows that teachers D, F and G did not predict possible answers of students.
Teachers B and H predicted that mast of their students would choose the ‘correct’

 answer {i.e. the s_tudents would give the same answer as the teacher). Howaver

none of the teachers chose the correct answer! This indicates the possibility that -
studants are taught what is not scientifically acceptable; This in turn .im;ilies that
some of the afternative conceptions thet students have are due diﬁ_actly to puor
teaching. o |

Tabije 5. 1(if) reflects five teachers (B, C, E, F and H) téorractlv f:radicting' the :_
osslble chmcas of students while others either could not predict er pred:ctad '
(nc_orre_ctlv. The students, and likewise their taachers, think that a stationary

. positive dharge will move becausa_-of the force due to magnetic fleld created

(though there is an indic-ation, in Question 2, that some may be thinking that it Is
electric field). The alternative conception held is that there s force experlenced by_ g
the charge which either pushes or puils ;he charga.

 Question 2__ was not entirely diffarerit from Quésthn 1. Inboth ﬁases the tﬁhargad"
 body Is placed in magnetic field. Table 5.2(i) {page ), as in Table 5.1{1) reflects not

all teachers being able to predict their students’ answers., Two teachers (B and E)
faal that most of their students will choose the same answer as they do. It also
shaws all teachers, except three, answering this question correctly. Seven out of
the ten teachers were now able to'ansWar the question correctly. This is probab‘ly |

“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 realisa that a current-cartying
conductor sets up a magnetic field around it,

Table 8.2(K) { page )reflects three teachers (B, C and 1} predicting the responsas of
thelr students correctly. The other teachers either could not predict or predicted
incorrectly. This table reflacts 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 5.4: Analys'iis-_nf Qué‘éﬂpn__ 1 |
“Table. B - | . a

[ Bohool | No Studens | Teachers Anewer | Teagher's Pradiction | Shudents'responses (as %) |
. n ' - 8 b e d @ f o
e 59 00 00 00 412 118 235 176
0.0 3.8 7.7 34.5 154 231 38 115
|00 00 37 185 7.4 208 370 37
26 53 53 447 105 13.2 184 00
0.0 24.4 88 111 267 156 6.7 67
0.0 40.0 0.0 0.0 20,0 200 0.0 200
_ 100 10.0 0.0 450 50 200 100 100
10.0 16,0 4.0 28.0 320 40 80 80
17 0011860 176 59 383 118 118 |
. - _ 67 67 00 267 200 67 333 00 |
: Ke,'r Nompm ; S . : . "Bold type indicates most froqrently chosen response -

' ..17
26
27
28
45

5
25 -

- 1Y

2

c-’.--:cr’.)'-nmuolm>

a.ulxn.tc':.-.nexg.;oo .
L]

Jrom | =ik { F

Tabie 5.1(H)

T | Toaghers Prediction of | %students answering as | Most frequent responses given
School | No Students | most likely responses teacharpradicted | - bystudents {as %)

17 ' - 18 - —__d@4
.28 - B } .34_3- ’ . e
2r i B [ a7 o
., . : : LW o oD .
45 - di S - & AN . d
5 . : ' - . - * . : . a{‘}o‘m
20 : - ' . * o 5 (45.0)
17 - B - 118 - . g (3583)
15 _fi _ 333 - i '
No Pradiction by teacher. ﬂnmfora no % cplEed (') - _
nlnd mmmwmmmwwmnammmmn

| gr-_':z:m-'iimluo'ui BT
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- . Table 5.2: Analysis of Question2
 Table 52) ' D

Schaol | No Students | Teacher's Answer | Teachers Prediction | Students’ responses (as %)
- - i~ a b v _d e f 4o
A 17 g _d_ 59 00 60 412 00 00 00 529
B 26 9 g 100 7.7 38 268 115 115 7.7 308 _
B 27 g _© 0.0 148 0.0 444 74 74 111 148
D 38 g - 26 00 00 526 132 53 53 211
E 45 d d {00114 00333 BY 22 00 444
E 5 d - 0.0 800 0.0 40.0 00 00 00 0O
6 20 - - 0.0 00 50 550 200 DO 00 200
H 25 ' b |00 00 80 520 80120 120 80
1 17 9 e }gg 59 59 363 412 50 00 59
J L S D d_ 0.0 _00 00 433 200 133 0O 333
Key: —No reoponiae .. — Boid typs Indicates most frequently chosan response -
*Gomectresporse ' : o o '
Fable 5.2(1)
] .. | Teacher's Prediction of | % students atwwering as ;| Most frequent responses glven
School | No Students ; _most likely responses teacher pradicted by students (as %)
A 17 d _ 0 . g (628}
e 27 - ol 444 : .
D 38 - - | " ¢ (52.6)
E 45 _ d o 3.8 1LY
E 5 1 - et _ a (80.0)
G 20 | - " . e ¢ (55.0)
H 25 b _ 8 L ' ¢ (52.0)
| 17 ' ¢l 353 €
J | i85 d 20 1 _clg (333)
Rey: - No Pradiciion by tancher, Hierelora o % caicuied (1) : '
1 indicates agreamant batweah prediction and students’ most common tesponse
7




think that the charge will move. |

Questions 1 and 2 shdw an aiternative conaéption, held by both students and t'heir'
‘teachers, that a magnetic vleld atz‘racts/repe!s a stationary charge. It also reflects

a possibility that teachers, like their students, fail to see current as a source of _
magnetic f_iel_d. This implies that the teaching process may have contributed tothe
acqulring of aliernative conceptions. - ' -

For Question 3, Table §.3li} (page 79) shows that all teachers, ekdept d_ne_, were
dble to predict students’ answers. Three teachers (A, F and H) think that their

‘studerits are going to choose the correct response. All these teachers, excepttwo,

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

ar not.

Table 5.34!!) '_(pége 80) shows four teachers fa‘iling'to predict correctly the
responses of the students with two of ther: (A and F) predicting that their students
are golng to answer correctly. The table shows that In all ten schools most
studants chose option ‘b’. This shows clearly an alternative conception that
attraction can be used as a test for whether a materisl Is a magnet or not.

The response to Question 3, therafore, refiects that some teachers are not aware
of the possible responses of their students. It also shows the existence of
alternative conceptions, held by both teachers and students, that attraction can be
_used as a test of whether a material is a magnet or not. -

For Question 4, Tabla 5.4() (page 80) shows all teachars, ekcept one, predicting
the studants" responses. it is once again noted that teachers A, B and F believe
that most of their students are going to choose the option they consider to be the :
correct answer. The table also reflects four teachers answering this questlon
correctly '
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o Table 5.3' Analvsls ofuuest!on 3 S o
 TableB3) | S

School | No Students Taachsrsmmwer Teamersmedicﬁon amdem w(&s%} B
' jeom b e 4 e f g
[0 DO 10600 00 60 00 GO
0.0 00 76977 154 00 08 20 | -
oo 00 92837 37 06 00 00 |
lo0 0b 84228132 00 00 00
|no 04 #8944 67 00 0O 0T
_loo 00 $00 20000 60 00 00 |
100 00 900 50 50 00 90 00 |
oo 0.0 888 12000 00 00 00
00 00 84.7 235 118 00 50 00
Ien 00 58,3 40.0 400 67 00 00 00 |

N
-t [

B

'fo'u-1er_p4o'a.riam-:ﬁ;

:CB‘rllm
Flalmislolslsin g
ocar oo ja ol o_o'a_

Tuble 8.3(i)

1 - ' ".T?aac'l'iar's Prediction of |% studanis ailrhfwarlnd e Most frequant Tesponses gmn
School | No. Students | _most likely respanses | teacher pradicted hvsmdants (as %)

o e b B0
. 1 . 92:6 . S
IE SRR YY)
d N 88 __bissgy
e . 20 B b (800)
L . . b
i : - B8 : b
I N b S I 8Ly | B b
15 11 T . 533 _ b
" o Pradiction by Weasher, therdiors bo % coiouad ()
1lmwwmwammmwmmmm

:@8m585®$ 

gt—- =R RmEIGE ST |
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Tabla 5.4()

Table 5.4: Analysis of Question 4

| School | No Students | Teacher's Answer | Teachar’s Prediction _Students' respor.es (as %)
A 17 8 a: 15.9 528 00 11.8 294 0.0 00 00
- B 28 . N c. 100 11.5 83.8 308 3.8 0.0 0.0 00 -
c 27 b B 00222 185 51,9 7.4 0.0 00 00 |
D 38 - 8 - 126 158 528 211 7900 00 00
- E 45 b g 0.0 200 244 26.7 288 00 00 &0 |
F 5 8 a 100 200 200 60,0 00 0.0 8.0 00
) 20 & b 0.0 250 480 250° 5.0 00 00 00
H 25 b a_ 140 00 200780 0000 0.0 0.0
1 17 b 8 59 55 235647 00 D000 00 |
J 15 b 8 0.0 267467 267 00 00 00 00
i(ay - No response demmwnmmmcmm
. * Corract rasporise
Table 54
Teacher's Prediction of | % students answeting as | Most frequent responses given | -
School | No. Students | _mostlikely response _leacher predicted by students {as %) _
1A A7 al 529 a
B 28 ¢ 308 b(63.8;
c 27 8 222 ¢ {61.9)
D 38__ - Y h{52.6)
IE 45 g 26.7 d {28.9)
e 5 B 20 ¢ (80.0)
G 20 bi_ 45 b
H 25 a. 0__ L o{780)
| 17 d 58 c8dn . |
J 15 ' 26.7 b 8.7y i
Key: ~ No Prediction by teacker, m'aforenu%ubulnled(') : '
§ ndieates ngr*armnl betwean pradiction and stuisnbs’ mmcnmh respam
80




e

T e TR I SR A TR R S ST PR

 Tabie 5.4(ii_) (page 80} reflects only two teachers (A and G} predicting correctly,.

Studants tend to choose two options ‘b’ 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 cat only result in a permanent

magnet if there is contact between the wire and tha core or visa versa. {If a wire
is covered with insulation then they believe such ‘direct contact’ is impossible}

Table 5.5(1) (page 82) shows one teacher not predicting the possitle respbnse of

students for Question 5 and four choasing the option thay think is correct as the -
one that the ma]ority of students are gning to choose. Three teachers fafled to '
chuose the carrect option. However, it is to be noted that option ‘¢’ can be argued

to ba marginaily correct if the charge Is assumed to be very ciosa ta the canductor.

Tabla 5.5{ii) {page B2} refiects three teachers nat predicting students’ responses
corr.ect_ly.- The -ma‘jority of students from all tan schools chose option ‘g’ as the

correct answaer, 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 fallure of some teachers to predict the responses
of their students. They alsa show the existence of alternative conceptions held by
both teachers and students. It should be noted, hawever, that although the
arialysis here is doyie only on teachars’ predictions, and the responses mostly given
by students, the first tables aiso reflect other possible alternative conceptions.
That is, further analysis of students’ responses Is likely to reflect more students’
Ideas that are lively not ta be scientifically accepted. '

Tables §.6(i) and B.6{ll) {page ) summarise these data far the 10 schools whose
teachers agreed to participate in this section and their 235 students. The tables
compares the predictions and answaers of _taachars with responses of students and

the peréentage of studants, taught by teachers responding in a particutar way,
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- R Table 5.5:-Aha‘ly3is,_of Que'stion-s
Table 5.5(1) | o I

School | No Students | Teacher's Answer | Toacher's Predicion | Studants’ respenses (as %) |
' ' ' ' i« & b © d e f g -
A 17 & g 118176 0.0 59 176 0058 #.2
B 2 g g 00 38 00115 115 38 00 9.2
- c g 00 74237222 18574 47 310
o .38 g - 28 0028342 002678 500
E | 45 g ¢ 100 44 87 22 228700 778
F | 5 g g 0.0 200 0.020.0 0.0 0.0 0.0 600
G 20 g g 00 0.0 50250 5086000 800 |
M 25 g g 80 8040280 400040 40
1 7 e g 00 5800235 690000 647 -
) T em 9 - dic 0.0 00 00200 13300 00 867 |
" Koy: ~ Noresponse o : : - Boldtype indicstes most fraquarndly chosen respatice
L * Cornect responea : : _ S T .
Table 5.5(1) .
' Yencher's Pradiction of ; % students answering as | Most frequent responsus given
| Suhool | No Students | _most likeiy responses teschar predicied _ hy studants (as %)
. | i . . ro
1A 17 al 41.2 g
B 28 . | SRR 89.2 . Y _ ;
A —Sy T - — e —
D 35 - X Y e o 9500y
Ik 48 1 ¢ _ k2 " g(778 - ‘a
E 5 . al. - 60 ' 1
i 28 | T 44 ' Y ' -
{ 17 ' gL O BAT _ ") 1
J : i

- Kay: = Na Pregiction by teachar, Tiemsfon nb. 9 caicumted ()

15 e 132200 0887
I indicates agreesnant betwean prediclon and shidenta’ most common tespongs - ' -
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Table 5.6: Analysis of the Questions

‘Fable 6()) - Comparison of teacher’s predictions and stuilents® choice

Question No. | % predicting - teachers %of students taught | %% chioosing - students

~abecd efgiji- a b ¢ d = fg_-'.-.-:a. b .oe d e f B

1 300010201030 0[268 0 0 151,298 72 251 6 | 13111 43 251 183 174 153 72
2 30 0102030 0010 {268 0 106 187 328 0 0 111109 64 21 417 128 60 43 260
3 1106602010 00 0 /162 0 55394 191 0 0 © |00 00858 89 72 00 00 00
4 10601020 0 00 0 |16245185302 0 0 O O | 17187323 366 106 00 00 00

s V00100 00701226 0 0 191 0 ¢ 0583 {2151 30 187 72 34 126 579 |

Table 6{i) - Comparison teacher’s choice and students’ choice |

QuestionNo, | % choosing - Teachers % of studers taught % choosing - students

o ~-abcdefgi- a b ¢c d e f g |l- a b c d 8 f g
1 10100 3040 0 10 D |85 72 0 345 305 0 184 O |13 11 43 251 183 174 153 72!
2 W00 02000 70(850 0 0 213 6 0 702 {09 64 21 417 128 60 43 260
3 0 0205000 0 |0 0208720 0 6 ¢ (000088 89 72 00 00 00]
4 | 04050100 00 0 |0 30549141 0 0 0 D |17467323 366 106 00 00 00|
5 looo300070{0 04 2660 0 0 748 {2151 30 187 72 34

34 28 5781
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Table 5.61i) shows that in the first two questions teachers reflected no ag regment
as to which option majority of students are likely to choose. They however reflact
an agreernent 10 the effect that students will think that the charge wili move. “The
table also shows that students tended 1o agree that tha charge wul move bt they
do not agree on the direction of motion. These responses, at laast 1o this axiont,
reflected an agreement between teachers’ predictions and students’ answers,

| Howevér, as will be ihdicated below, teachers also had the same alternative

conception that the charge wiltmove. For Question 2, however, students reflected
some tendency of agreement that there wiil be a motion eway from the magnet.
In Questton 3 the majority uf students refiected an anderstanding that W should
bea magn&t, thus rsﬂacﬂng an undarstandmg that attraction can be usad asatest
for whether a material is a magnet or not, The predlt:tions of tuachers and the -
response of students for this question did not tally very well, The cnmparison of

the percantaga of studlents taught and of the responses of students clearly reflects

that some teachers did not predict correctly, For Questian 4 studénts tended to -
agree that one of the set-ups Is going to be a magnet, This did not tallv well with
the predictions of teachers who thought that the ma]oritv of their students would '

- choose the correct answer. For Question 5 students agree that there will be no .

motion, Like for quastion 3, the percamage of students taught shaws that there
are some teachers who did not predict correctly.

The table, therefore, shows two questions (3 and &} where pradictions of the
teachers agree with the responses of their students, However, even in these cases
the percentage of students taught reflects that some teachers pradicted
incarrectly. '

Table 5.6{ii} compares the teachers’ answers with the students’ answers, Three
questions {1, 4 and b) éhowsimilarities between the teachars’ answer distribution
and the students’ answers distribution. That is, where teachers tended to show
a possibility of the existence of alternative conceptions, students equally raflected
the same tendancy. The table, therefore, highlights the possibility that surﬁa of the
alternative conceptions are transferred from the teacher to his/har students during B
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the teaching/learning process.

Téhle B.7 {page 86) compares the predictions of the ten teachers, It shows that
- | some taa_dhars_ were able to carractly'pradict students’ ideas whereas others were
. not. The table reflacts three teachers not being able to predict students’ ideas
correctly and only ona teacher sat:sfactnrﬁy predzctmg students’ ideas. T he pther
teachars gither pradtctad two or three cases carractly, which doas net reﬂact :
satisfactorily the awareness of students’ answers, Thus ning of the ten teachafs_
~ could not be said to be aware of their studants possibla responses in this study.
Teachar B, the only taacher roflecting awarenass of students’ pussn!aie responses,
~ thaught that his\her students wera gmng to chcose what {sihe thought was tha
correct answer, except in one case. S : _
The sampla cﬁ' *[taachers in this studv has ieflactad that thav could not all pradiut
the pnssibi& responsas af students, and so seem not to be aware of students’
f ‘idbas. ltis siso hightighted that both teachers and swdents hold similar. a!tarnative
. conceptions in this 'topic. :
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.. Table5.7: Analysis of predictions for each teacher

;

[N TRV P

Teaches Quegtion 1 -
' X

Question 4 Question 5
| v

A
B
C
D
E
F
G
H
L}

1

XIS X i iXix{xisjsix
'ﬂ.'\\'kxx*x&s.xg

dx Ik x s ixix ixixIx s

wixinxixix|xIxis
IxIsisisicix (x s is

‘i:ey 3 « 138 not predict correctly (;M' -
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5.3 Qualitativa data . S

Teachars weare askad to expla.n why they thought students wuuld choosa the
options they (the teachers) indmated Their explanations are discussed below for -
each question. Some of the views express clearly a lack of awareness of studants
ideas while others refluct some degree of éwaraness of these ldeas. B |

For Question 1 the machers had the following views. Unly teacher Bthaught that o
hls students would choose option ‘c’, This is his explanatlan' _ -
" BL. Unlike charges attract, The charge will be atiracted towards the
conductor _
The resnonse ackawledges the existence of two different charges inthe questinn
Since current is flowing in the conductor teacher B assumes that students are
golng to think thai. the cond uctor is charged negatfvely and as a result the posntive | -
charge is going to be attracted. The alternatlve conceptlcm reflected is that when
current flo ws ina ccnducror then at any moment the conductor Is either negar:vely
or positively char;ged B, however, also thinks that this ‘aption is the correct
answer. The expianation given could be the reason why he thinks so. The
majority of studants answered as he predicied. If these students chose this option

_for the reason given by thelr teacher, then there is the distinct possiblllty that ths

alternative idea was ohitainad from the teaching/learning procass.
Option “d’ was chosen bv two teachers and these were their explanations:

El. Without considering the movement of charge in the conductor,
the repulsion force will be assumed perpendicular in the object €
X1, Like charges repel as +ve charges the duectlon of repulszon is
away from the wire

Accordlng to teacher H, studants will think that the flow of current will cause the
conductor to be pos/tively charged and thus result in the charge being repelled.
Like B above, H chas'a as his correct option the same option as ha thought the
students would choose, Thus simiiai‘ comments apply. Acco'rding to E, students
will not consider the movement of charge in the conductor. This implies that the
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movement of the charge inside the conductor is found to be crucial in determining
the direction of motion of tha positive charge outside the conductor. |

Only teacher A thought that étudents would chousé option ’a’: !

‘Al, They might think that because I is -ve charge So it have an -
‘opposite dtrectxon o +Q _

Teachar A states that students ragard current as a flow of negatwe charges in the

conductor, and that they therefore wlll thmk that the positiva charge muyst move

In the oppos:te d:rectian. o '

Three ’taachars thought their students would choose option ‘" |

cl. Because the direction -shown"'by the arrow may lead thewn to .

think that g is going to be repelled in the seme direction

11, This is likely to be chosen by many students because they know -

a negative terminal or charge will be created at the end of the

conductor hence the positive charge will be attracted northwards,

J1, They will assume that motion is in same direction as the current
Taacher C thinks that the srrow showing the direction of current in the question
will mislead students, while teachers | and J think that the flow of current will be
used to indizate a possible direction of motion of the charge. Teacher | thinks that
students might think that at the end of the conductor there will be negative :
charges created which will in turn attract the positive charge, That is, students
will think that because elactrons 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 tesponses of their students. However they gave the
following explanations:

D1. Positive charge attracts fhie electrons

F1, They will guess. We have used the idea of a ‘free’ north pole in
a magnetic field and not a ~+vely charged particle

G1. N/A since I have never taught this topic '

Teacher D was perhaps axplaining why he considered option *¢* to be the correct
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answer for this quastion. This is similar to the responses of B and H, i.e. the flow

~of current causes the conductor to becom eithar negatweiv or positively uharged. _
‘Teacher F hmts at a possnbie confusion batween chargas and magnetic poles, or
that students ta,ke over ideas from magnetlsm d:rectlv into _e_lectrostatic_s.

' Thus teachers generallv agres that students are golng to think that the chame wiﬂ.
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 @ conductor, it charges the conductor either negar:vely
or positively. Some taachers use the same reasonmg to jl.lStIfY thelr ‘correct
answers’. |

For Question 2 the rasponsas ware as follows. There were two teachers chaosing
opt_ion ‘e’ and thelr axplanations were as Indicated below: .

C2. Magnehsm has effect on electnclty not rwhsmg that the magnet

is stationary :

I2. Students may think & negative charge may be induced at the end

of the magnet close to the positive charge and will attract the. posmva

charge in that direction.
Teacher | 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’).

Only teacher H chose option ‘b*“:

‘H2. They may think of the motor effect created on 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 Flaming's rule. He agrees -
with C above that students are likely to think of charge in terms of moving charge.
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- Optiont “d’ was chosen by three teachers.

A2, They will assume that +Q wxll be:epe!led by the north pole of
4 magnet,
E2. Since the force of repulsion considering the quality of charge
- induced, the repulsion will be absolute as they are not consecutive
J2, 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 forco pushing the charge in the direction of the magnetic field,
The other two teachers feel that students assume that positive charge will be
repeiled by the north pole. According to E, students assume that there is a charge
induced which wili result in the repulsmn. Becwse E chose this option as the
~ gorrect answer it seems he regards the notlon of an induced charge as plausible.

. Teacher 8 pradintei:l"that students wo.uld choose optioh -‘.g':

B2, 'I'heseisanordmarymagnetandwﬂlhavenoeffectonacharge o
placed near it. = - o

Teacher B thinks that students are going to choose thfs option because they know
-that the magnetic field has.no sffect on the charge, Bis cnnfident that students
will answar correctlv.

Three teachers did not predict their students’ responses. Their explanations are
as follows: |

D2. Magnet attracts magnetic substances only (ot insuiator)
F2, Same as in 1 sbove(l.e. students will guess)
G2. N/A since I have not yet treated this topic

Teacher D explains why the option he chose Is the correct one, i.e. magnets only

" attract magnetic substances. He emphasises that the charge is an Insulator and
g0 it will not be attracted.

All teachers, except four (B, D, F and G}, predicted that their students think that
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the charge will move, The reasons glvéh by these teachers nevertheless indicate
ihat students thmk that the two situatlons, i.6. Questions 1 and 2, are d;fferent.
Some teachers also reflect the same aitarnatwe conceptann. '

For Ouast!ah 3 tha__ p’redi_c;tions wei?é as folibws. _ -

The majonty of taachers thnught that their students would ahnose upticm ’b'
The! xplanations were as follows: '

B3, They only know that unlike poles attract and hence the fact that
; © . Wis attracted to N of M. This means it is a magnet with its S pole
1 © . facing the N pole of M. (They won’t easily be able to realise that not -
3 o . only magnels are attracted or repelled, butevena magnetlc matenal
- can be attracted by a magnet),
C3. They may think of the conce:pt that the ‘hke poles repel and
unlike poles attract”
G3. Because they only know that for a magnet hke 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 chatge.
H3. Like poles repel therefore applymg unlike poies attract each-
‘other '
13, The attract wﬂl ogcur to the students that Wisa magnet with its
o southpolefacmgthenorﬂtpoleofﬂlemagnetM S _
i - 13, They may assume that it is a correct since they know that unhke
P o poles: affract. N- pole attract § - pnle .

These teachers agree that studems think that because the magnetie object w is
attracted then it must be a magnet, Teachers B and G emphasise that their

’ students may not know that attraction is not a sufficlent test of whether a material
is a magnet or not, This_may imply that the problem could result from teaching
iy where this idea was not dealt with. Teacher H chose this option to be the corract

| response; this reflects that some teachers hold the same ideas as students. fathis
' question teachers reflected some degree of awareness of possible students’

answers.

Twao teachers thoug_ht that t'heir students woixld choosa nption et

A3 They know that attraction does not only Goour between two
magnets : ' | -
_ . o _ _ o
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"F3. They know that o test for a magnet we look for- repulsion -
between the magnet and material to be tested ' '

The taachers feel that their studer**s ‘know that attraction does not oniv result )
betwaen two magnets. Thls could imply that these teachers discussed this issue

~in class, But looking at the responses of students it does not seem like students _'

roally knew this. This therefore reﬂecta that these taachers 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 Gpuon dis
the nght option

This teacher feels that the issua nf poiaritv is crucial for students to correctiy_

‘answer this question. He feels that the ‘attraction’ observed is insufficient

tnformatinn.

One teacher did not predict students possible responses. The expianation given'
anly expiains why he thlnks Optlun ‘e’ is the correct response:

D3, Repulsmn is the only test for magnet. Magnet attracts magneuc

substance
Responsés to this guestion raflect that some teachars ware aware of possible
students’ responses while others wara not, They raﬂact the possible influence of
teaching/learning on the acqulsition of alternative conceptions. They also reflect
that some teachers hold the same aiternative conceptions as held by students.

For Question 4 the following are tha predictlons of teachers. The majority of
teachers opted for option ‘a’ as the response which most of their rtudents are

- going to choose. Thair reasons are as follows:

Cd4. Because the current is applied in 2 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 it wﬂl
conduct electricity instead of been magnetised
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14, Students may not be able to undersiand that the insulation of the
wire is necessary for mag «.igation in the above arrangement,

J4, They may think that «. .ong as the wu'e woun arcmnd the bar

that will become a suspect, -

These teachers think that students. will think that tha two set»ups are similar and
attach no irnportanca to the insulating material, The argument raised by teacher. B
H is only relevant if the core has a lower resistance than the wirs. It should be.
noted that all four of these teachers thought b was correct, i.e. they think that

the wire’ must be insulated {which Is an alternative concaption} Teachers A and

F gave ‘the- following raasans, which ccmﬂrm the existance of thls a!ternative _

toncaption.

) M Malung an electromagnet does not consxder the insulation or nio

insulation they have seen
- F4, They will assume that there is no contact betwaen the umusulated
coil and the soft core o

vt

‘They feel that their students know that the insulation is not that impartant in order B .

10 magnetica the core; i.e. that students know that as Iong as they can get current
flowing around the coll then the core will be magnet:sed Thus they balleve thiat
their students would answar correctly. L

Only teacher G thought that the ma;onty of students would choose nption ‘b

G4. This is because the descnptien 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 i3 not insulated. _

_ This teacher fesls that most students wili get this quastiun wrong because of the

description gwen in the textbook. The impression textbooks give is that the

_ insulation is necessary and without it the core will not be magnatised. He further

suggests that teaching must take care of this explanation otherwise students will
be misied. |
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Two teachers predicted that most of thelr students would choose aption ‘¢’

B4, Wire A is insulated hence it won’t be easy for magneusm to be

induced in that material '

EA. If they assume insulation as prevennon of the flow of currmt

then their thoughts could be likened to that of d
Teacher B believes that students think of the insulated wire as an obstacle for
magnetisation. However teacher B himself considered “c’ as the correct option, so
has the same alternative conceptiom. Teacher E's response is contradictory: he
gither wanted to choose option ‘d’ as indicated in the explanation, or ‘e’ as
indicated by his choice of option.

Only teac. ~t D was not able to predict the responses of students. His explanation
is as foliows:

- D4, Current passing thtongh the insulated wire and the other wire
This teacher; as in the other questions, is explaining why he thinks aption ‘a’ is

gorrect,

This question, like others, reflected some teachers not being aware of possible
responsas of their students. It also reflects some teachers holding the same
alternative ideas as their studants,

For Question b all teachers except one wers able to predict the responses of their

- students. One teacher thought that students would choose option ‘¢’ and the

explanation given Is as follow3'

-

ES, Consideting the neutmlity 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 ‘¢’ and ‘d’

students will take. The explanation Is as follows .
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15, Because qis pomtwely charged it would move such that it is _

attracted by a conductor or repelled by a conductor, _

" The axplanation, however, does not Indicats why studant_s waulr._i think that the
positiva charge sither will be kepa!led or att'racted it can anlv be sssumed that this
teacher thinks that students would think that there will b charge induced in the

~conductor which wili either repel or attract the positive charge g.

T-he majority af teachers thought that their students wbuld choose option ’g-" The
follewing exp!anatmns come from the three teachers who thought that tms optmn_'
was incorrect:

A3, They might not see that the chargs +Q whith cause -ve charge
{0 move to its side so that it can be attracted,
€35, They will not think of atiraction due to induced charges
15. Students may not be able to know that negative charge will be
- induced c¢lose to the posuuve charge to attract the: posltive charge :
“towards it _

These teacher_s think that students are unaware of a charge induced on the
conductor which will cause attraction or repuision. The above discussion, in 5.1,

proved those teachers to be corract. The following explanations are glven by thosa
teachers who thought that this Is the correct rasponse'

BS. "The conductor is neufral hence it won't affect the charge in any
way : _
F5. They should guess that there iy no field around an uncharged
body
G35, Because they know that movement is the result of the force felt
by the object.
- HS5. They may not recall electrostatic induction in C to cause
opposite charge net to g

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
expeorience as the conductor remains unchargad,

One teacher did not predict the students’ responses. The expianation glven
explains why option ‘g’ is the correct one: '
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D3, Unchmged ccmductcsr does not attract posmvnly charged

msulator
The above disqussion of the explanations givan by feachefs -r_eﬂect_s that there are
teachers who ar, to sorne extent, aware of possible responses studsnts are likely
10 give Whﬂa others are not. This study interprets the unawareness of the
students’ responses to mean that the wac_her is not awars of th'a students’ ideas;
The discussion has aiso 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
gonceptions which are due to the taac_hingl!earning process, | | |

6.4 Conclusion:
This chapter reﬁects tha followin, .
i} There are teachers who could not predict students' responses or who wera .
 not aware of thair students’ pnssibia responses. This means that some
teachers are not aware of students’ ideas about coneepts in
elactromagnetism. This _lmphes that some teachers aro unaware of the
existence of aiternative concaptions that thelr students hold. |

i) The sample of high school students in this study from Lesotho also reflects
the axistence of alternative conceptions on alectromag'n'et_ir: concapts as
indicated in Chapter 2, Ths study also reflects that soma teachers had the
same alternative conceptions, This means that some of these alternative
conceptions which students have could have beeni transferred from teachers -
to students, ‘This tharefore varifies that some of the alternative conceptions
are caused by the teachingllearning_procass._ |

This chapter, therefore, suggests that the teaching strategles used by these.
teachers do not remediate uhscientlfic_ideas that students hold, but rather promote
those that alréady exists or even introduce new ones. Such teachers use non -
constructivist strategies that pay no attentlon to aiready existing students’ ideas.
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CHAPTER 6

FMINGS, IMPLICATIONS AND RECOMMENDATIONS

6.1 Intraductlon . _ B
The aim of this study, as discussad in Chapter 1, was to investigate taachars |

thinklng about their subject lPhysics). and their students. This was donﬁ by .

investigating bellefs of teachers on two main categories, namely
. * : Studants’ .knowlgdge - divided into the following sub-categories:
§) “Traditional Teaching vs Non-Traditional T-.aaching_' -
) - Teachers’ view of eiectwmagnet(sm
*  Teaching Methods - divided into the fnilowing sub-categories
it Genera! Mathods | |
)y Use of experiments

" The atudv sddressed the followmg research quastions' |
) I What bellefs about Physlcs and Physies teaching da high scnoul |
teachers, in Lesotho, hava eSpeciallv about the teaching of
~ electromagnatism taples taught at high schools? |
Lt ~ What strategies do teachers amplov to teach concepts of_-

' electromagnetism?, and
i} ' Are teachers in high schools, in. Lasotho, aware of studants’

alternative con_ceptmns?
The sarmple consisted of high school thslcs teachers from Lesatho.

6.2 Findings |
The findings of this study endeavour to answer these research quastions,

Anéwaring Research Question {i) - Teachers’ beliafs

In Chapter 4 we concluded that:
Physics teachers in Lesotho raflect both nan-constructivist as well 85 cunstructivlst
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bellafs about Physics teaching and Physics itself. Traditionalists believe that
Physics is Strictlv bound by rules and facts that must be known by the student.
Some teachers shaWing traditional views beiieve that for studan-ts to understand, -
they must know rules and formulae because of their importance to the
understanding of soncepts. These teachers believe that Physics is a body of
kriown facts that must be accepted by their students, Teachers are seenashaving
this knowledge, and their fundamental role Is 1o tell It to their students, who in turn
must accept it. | '

Although these belief categories are reflected In this Study' it is not possible to
draw a separation ling between teachers falling in either of them, For instance a
tasicher would show a non-constructivist belief in statemenit 1 (if there must be a
choice batween the understanding of concepts, and facllitating the precess of self-

discoveryi,' then the teachers should rather emphasize the concépt&} and a

~ completely different view in statemant 15 {Electromagnatic induction can best be

understood by students If teachers use demonstrations in their lessons.).

We therefore conclude that

* Some teachers, in Lesotho, hold constructivlst beliafs about Physics and
Physics teaching while others hold empiricist beliafs. | '

* Empiricist belleve that students must know rules and forrmulae [n order to
understand Physics contepts. They view Physics as ¢ hody of well known
facts which must be accepted by students without quastioning. They also
see memselves {teachers) as having this knowledge, and their fundamental
role as being to tell students this knowledge., These teachers reflect a
“tabula rasa’ notion whera students are assumed to have *empty minds’
which must be filled with unquestionable knowledgoe of the teacher,

* Constructivists balieva that students need to understand concepts, rather
than an emphasis on 7498 and formulae. They believe that Physics is a
dynamic subject where what is known can be challenged.
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Answering Rassarch Quastion {il} - Teaching sirategles

in C‘napter 4 we concluded that |

The study also reflects teachers’ befiefs about effectsve teaching methods There '
are some teachers who seem to believe in traditional methods, such as Ieot_uri_n_g,.
because, am angst other 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 use axpseriments, sspacially for electr_om&_gne’_tic'concepts which.a_re saoabstract.

: Taia'chers are dis)_ldad abo;-it _wh!ch‘ _strétagies they would use '_tu teach 'd'i_fferantr j__
- concepts in Physics, particularly ‘slectromagnetism, Some teachers opted for

empiticists strategies while others opted for constructivist strategles. Empiricists
believa in taaching mathads which emphasisa concepts so that stuclents can
understand betier.

' We tharafora concluda that;

* ~ Soma teachers, In Lesotho, tend to use teaching methods that are non-
" constructivist while others. prafar 10 uge teaching mathods that are in line
with ponstructivism, - '

* Non-uonstructivISt be!:eve that Physics concapts are d!fﬂcuit and tharefore

"mnust be lectured to students in Qrdar to give them more basic knawladge. '
‘Thus, emphasising conc_epts was more important to them,

Answaring Research Quostion (Ul) - Awareness of Alternative Conceptions

The following conclusion was made in Chaptet 5: ' _
There are taachars who could not predict students’ responsas or who werae not
aware of thelr students’ possible responses, This means that some teachers sre.
not aware of students’ ideas about congepts In eledtmmagnetism-. 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 refiacts that some teachers are awarg, to some axtent, of the passibie
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ideas of students, while others may not be aware. Thoss teachers who sesm not
to be aware of students’ alternativé conceptions tend to think that students
relatively easily understand concepts. Therefore there is really rio reason whv
students cannot undarstand such ‘easy’ concepts.

Ws tharefore mncluda that: .

* . Some teachers in Lesotho's high schools are nat aware of the existence of
students’ alternativa conceptioﬂs

* Bacause of this, it seems loglcal 10 assume that teach:ng in some high
schools does not address these ideas. '

In Chapter 5 we also noted that: '

The sample of high schoul students in this study from Lesotho also reflacts the

existence of alternative conceptions on electramagnetic concepts as indicated in -

Chapter 2. The study also reflacts 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 concaptions are caused hy the

| teaching/learning process,

Amongst t'ha alternativa conceptions reflacted by both teachers and students the
following couid not ba found in the iiterature
When there is a current in a conducror, the conducror is charged either
negatively or posttively. '

- According to this, If electron current is conslidered then the conductor will be

charged negatively and if conventional current is considered then the canductor s

charged positively,
it was alsa noted in chapter 5 that the teaching strategies used by these teachers '

| do riot remediate unsclentific ideas that students hold, but rather promote those

that already exists, or even Introduce new ones, Such teachers use non-
construstlvist strategles that pay no attention to already existing studerits’ ideas.
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| Concludmg remarks

Answaering the three research questions reflact 8 lmk between teachars thinkmg

and their practice. The study shows that: _ | o

* There are teachers who have empiricists beliefs and sﬁme who hold
constructivist beliefs. | | .

* Teachmg in some high schoois is dommated by the use of emplriclst

teaching strategias. :

6.3 implications and Becommendaﬁons

- The intention nf this study is not to attempt to ganerallse tha prasent findings, but
rather to get an Idea of the puss:ble mtuatlan regarding teachers’ thinking in
Lesotho. The answers to the above research questions has implications for

researchara, teacher trainars and teachers.

The researcher’s contention is that teachirig should 'r'ecngriis‘e that each ind Ividual
cunstructs in his mind concepts aven before baing expased to anv formai teaching.
This means that each learner comes to classroorns with well defined ideas about -
concepts in that particular sub]ect. Thesa ideas act as frameworks for the learning -
of new concepts. Therefqra teachers nead to be aware of pra-existin‘_g idéaé. This

‘study reflects that teachers may not be aware of thess Ideas. It can be expected
~therefore that their teaching does not take this fundamental idea behind

cunstructivism into account, and as a result does nat remediate altarnative
conceptions. '

The issue of baliefs is also an important aspect in the teaching/leerning process.
Some teachers in this study have reflected non-constructivist beliefs, These
teachars seem 1o believe that some concept 4re 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 thelr
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 thi_s',-siudy support the view that some of the salternative
‘concsptions originate directly from tha teaching process. |

~ Since most teachers participating in this study are trained to teach Physics, then _

teacher suppart programmes in Lesotho need to be improved in order to address'
possible shnrtcomings in teaching.

* T Accoss to such programmes must be made easier, gither by increasing their

- fraquency, or by spreading the venues to cover all schools.

o '_ Workshops must be organimad‘which- amongst other things address the issue .

of students’ alternative conceptions, and thelr Influance on the
teaching/learning process. . .

This study also shows that téac_:hers'. a¢ well as students, hold alternative __

ponceptions. The design of this study dogs not allow for a clear pieture of haow

- deep these conceptions are. Use of = _d-iffarent design to ascertain these

conceptions is neceésary Few studies are available which suggest possible

: remad iation stratagles. Rasearch studvl ng such mathods wtll be highly apprecfated

by teachers and teacher educators.
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: : S APPENMXA
- QUESTIONNAIRE 1 i
BECTION A ' o
INSTRUCTIONS: Please msyond to the fnlluwmg questions. Whera there are opitona
please tick correct responsa(s).

The resesrcher intends to use thesa diaia in his MSc ressarch project ha is undertaking.
The data you give will be of importance in a number of ways. For axample it will be

used to confribute to the body of knowledge. The data will tharefcra be handlad with

confidentiglity and mammum ragpact.
4. Sex: Male!Female_
2. Nationality: Lesotho
- RSA
o India
' Othat o : _ : L
Jf other ploass spaclfyc. EheE A TS ET e RSN S (RAC SR FEATAL EP AN SR B AR A BRI A 1RS48y ban R
2 Age ranga : 2125 years '
o . 26-3Dyears
31-35years
36-40) years
4145 yaars
46-50 yonrs
-61-55 years
_ 55 years and above
8.0 Last High schaol attended( a3 8 Sehool PUPI.u s i crses s
3.1 Which subjects did you do for qur school feaving cerlificate’? :
Mathematios
Biology
Physical Science
Human and Sm:lal Biclogy
Others
I other pleasa BPBOITYE coveiririanirncasmm e s e sreta s vt A st b
3.2 H:ghast examination passed. COSC
OCE
GCSE
MATRIC from Republic of South Africa
OTHER :
|53 nthar please spsmfy ...........
3.3 Indicate symbol obtained in the following subjects, whera applicable:
Mathematics
Biology
Physical Science
Human and Social Biclagy
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APPENM:A

QUEESTIONNAIRE 1

. SECTIONA

INSTRUCTIONS: Please reSpand to the follcwmg quastmns Whera tl“:ere ara options
please tick correct resporse(s).

The researcher intands to use thess data in his MSc research project he is undartakmg

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 knowladge. Tha data will therefore be hand!ed with
mnﬁden‘lalzty and max:mum raspsct : '

- 4, Sex MaiefFemale

2 Natiunahty Lesotho
: RSA
India
lf other please specifyi...w... BrerrsaIve Lt IS a b sesas ROt RN PR PR R SR SRRSO SO 8

2. Age range: | ) 21-25years |

2630 years
. 3138 yeurs
340 years
- 4145 yeary
48-5) yoars |
. 51586 years
' 55 years and ﬂbava

3.0 Last Hngh schm! attendad( as a school pupil) ............................ S
3.1 Which aubjacts did you do for our school leaving certifcata? .
‘Mathematics
Biotogy
- Physical Science
Humen and Bocial Biology
Ofhers _
I other plaasa speclfy- ................................................................................ bevismiesvarsas

ccccccccccccc

3.2 Highaat examination pessed: COSC
GOk
GOSE
MATRIC from Republic of South Africa
QTHER - _
If other Plesse SPACHY ... s e reievans
3.3 Indicate symbol obtainext in the following subvjects, whéra applicable: '
Mathematics
Biology
Physical Science
Human and Social Riology
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If other pleasa SPACHY.....cci i s aaasaanes braes cbresrnns AR \,.
4.0 Pcst~Sacondary Qualification: STC ' ' _ L ‘
Dip. Se.Ed.
Bsc. Ea
_ Other : ; B
if other p!aase BPBRHY....cvis e nrerierne o s erenss eoteaearatean thaare ey vetreesetararasasesae e anie -

- 4.1 Institution fram which you obtamerd your quahfzcatmn........_...-. .................. - -

Mathematics
Chemistry
. Biology
| | ~ Other - | |
If other pleasa apacify ......... ey s s ees rresenrns verraenenes Cevsressseesesrersncssiensesservens
5 0 How]ong haye been teaching - 05 years.
_ &( _ - 610 years
] . 11-15 yoars .
! . i8Z0years
: - . Morethen 20 years _
' _Hntharplaasaspacify ......................... mirresvereasenarsbesasan sevssveniniin srarsine s st ansns
5.1 How long have een teachmg Physlcs {or physics within physlcal scaance)
5 years ,
6~1Dyears
oy o - 1118 years
o U T .~ 16-20 years

Other Sciance sub;ect(s) o '\iﬁ

T e T R T T T e T T E R L R ey A e P A L L

4 2 What wera your ma;or suh;acts Physics

R _ _ - More than 20 veurs . _
Pl%sa .spacify:lil‘o. - \il"f‘!l!ll!l’t'.. .ll.!.llililit||ll‘liiilul!.II'C.Q..l;tdilntl(t_‘ll.lli‘! 24 l.t-ip‘QIiIQ“lll‘l‘t!tl.lcli
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- SECTIONB

Please respond to the foltawmg a:atamants by choasmg the appreprrate number on the
scal:

1 - swrtngly disagres, 2 = disagres, 3 = s!ighﬂy disagres

4 = glightly agree, 5 = agree, 6 = strongly agree

1. If thers must be a choice betwaen the understending of 123 456
- concepts, and facilitating the procass of self-discovery*, .
then the teacher shouid rather ‘amphasize the concepts.(*

seg fooinutes) _ : _

Please explain. ... resereietss i srsetaerae  ovarevis peseseensessonns

[ EEEES LT RETERLLL] LA EELE LS LT LR LE] AFBEARN LELL LTI RS IEEL L] ARRTLEV AT IR NN ARSI AR R A by Bl T AVARARASs ARNEEEERAYRICUNEEASRAE LLLE LY

LATRI LR E R TR AR LA R LR LRl PSRRI Ll LEY 1Y -lll. llllllllllllllllllllllllllllllllllllllllllllllllllll

2. Because students do nnt like expenmams an the deslgn 12 3 4 5 6
- arduse of permanent magne.s and electromagnets | smxpiy_
do niot let them do such axperimeants. : _ o _
Please axplaini........c.. wesreneeee Gy srne reseereasenesses .

3. Abig weaknass of discuvery activities* in alactmmagnehsm 1234686
is the difficulty in getling the children to coma up thh tl-m
tight answars.(™ sea faatnotas} - : o
Plaaaa BXDIBIN 1o vhisestossiainre s issses resrama st e sb s s arat e steies  bobttResbotRARRe TR AR

|||||| P T T T Ll LT L L LT T P T P T T PP TP P P P PT PO PR ST P PPy EELT L Y e ey PP T 1T N

---------------------------------------------------------------------------------------------------------------------------

4. Bacause nf the amount of specific information to be taught 12345 6
- in electromagnetism, at least 50% of the course should he _
given using the lectura mathod _ _
Plaasa explain ....... T RTEe eI AR aseaRR N T LR R AR En Fremesinseseey aesereresssnerseanis verene

Anksndd LEL TR AT RN RIS S AR RINAI R A LR ERFRT A PN AR F I F UM PSR AT R I AP B F IR RS F AT S RASEETALBAN RN TNESRA N AN LEL]

AR TR T A RS R A A L NN A AU LA AP AR RN ERR R RN R A b T T L Ly T Y T Py P L P YR T Y P T

5 big pmblam in teaching elactromagnatism foday inthatit 1284 5 6
is 80 expansive to do meaningful labnratow expanments at -

Pleasb axpiﬂln- BN AR R A AN R u AT R AR AR RN R RN T AR toi!n;..nqon'-- mpphurpde  vanuvEannd BUEINRARLATUREY
T T LR L L R L LT e T L L L Ll i R T T T T B N T T TP JamundrENavenavas

[PETITITLIET] EETTLIT] AqTERAREARIRRRAEY L L e T TP TR T YL Y Y P T dnana iR R adEREr- sudanay

"« yefors to activitien standed fo halp studants cucover concepis) w
{hemsahyes

ur




b e e s

8 In 'peﬁdnnmg experiments in eleciromagnetism, the best

!earnlng is Iikely to take plaue if students am atsia to wnrk
‘alone,

- Please axplaln...........,............ ehasseseranasriaaraus sstsa N e bRS Ee Ot abe

ERT TR RE S I ALY TR SR i Na SRl TR LY ) ll‘il‘."."lltl LE LRl I ERAN A FTIE IR EL IET] It..ibob.l HARPAFENNEE .

PPN T AR ARSI NS B N Ak A AN AN FA TR U'll!"!?'illl.l'l"lll AR ERR AN ENP R B LAV I L N SNy

7. When teaching slectromagnetism the teather must ﬂmt
find out what ideas students already hava -

Ploass EXPIAINt.. ettt eassisasseners

LI Y L T YR TYE R !cé!oanuu!ullllo\‘ndnt»--ll L N T T e L P Py T T FYRiTT I

B Ty T Iy L Ty T T T T T e T Ry L T P T T T T T T T

8. Students do not know any thing about electromagrietism,

so the teacher naecss to tell them all the basia facds
Pleass Expiain R,

AR AN R TR AT RN LAY AR AT AR R RGN TR ETANA BT AR wrsenvhaRuRa uoraanllnlbtntuoultuut

L FITEL LA ST LN lul-t‘t\"!t"u"blhtnl“t!!..llit IIl‘Il‘t"ilI- -

9, Elestromagnetism is the most difficult sub]et:t in Phyelcs,

and the most difficult to teaf:h
~ Please Explaln

AR NANASTIAYTRE P A raATaNRN lllt‘l PO T T T PP PPN P -tlutiﬁﬁl AL ST I LI L] T

FAR AT AR RA N AN A A A AR F Y s FA R AR LA AR A P R R TV R Rk Bl AF P T LU VAR VAP R AR TR A B

10. Experiments help students {o better understand
electromagnetic coricapts such as ‘rnagnaﬁc ﬂalnl’ and
‘magnetic induction’. -

Plaase EXRIIN. ... s

L L L Ty L T L T L N T T L e TR T YT T L LSS LRI

BTy AR R A A P A A A A A N T AR R AR IR LA RN b r N PR ARl b AR DI N F VRS A BT A R ANk a N

11. Students understand the difference between the ‘slectriy’
and 'magnetic’ fiekis,
PlOBSE EXPIIL. ... vt s

EL TR AN RS AN R A AR R AR TR NN R h R F s AR b v s b LA RS B RA AR TS Ao s b N A I NL

LRI T N T T L T Ly T Ly ey Y R Y R NP Y T S YT L Ll LA T

12, # is impossible to demoristrate the factors affecting the
magnitude of the emf induced in-elactromagnetic Induction.
PIRESE EXPIBIN....co i isventssccorsisscrssranscssensarsstoseronsessasssnssbasins

AT e AT WA E N RNV AR A AR RS AR S LSRN P M P AT N AR NSy WD lt'tlti"i_!l- LATELAEL I L )

Itlutllnlltvono TNy LT LY [ T O P P PR S PP pu P

13, Students underatand the concapt of the magnehc ﬁeld
Ploass BXPIBIN. . .coveveinnsereersmressnsissresasrssssrssronssaviosssnsrsases

LTI F LT I I ||a|¢“|.||.4|.l‘t‘.llll|lllll'it.l..il“lltl.hli LI LY T e P P Y T R YIS

P LT L L L Ly T T Y L T Yy T T R T T P T PP P P PP P PP T PP PIeY

‘1234586

TRarANIEENTRA R B TR RA AR
AR ARERRAL YRR o

BEAARSNAE AN YA PR ARNRRE

123456

LTI T F Y I T P P T Y )
FrgsmamRaNtRrIEER bR ARARN Y

L L I R T LY LR

123456

AR TARRNARARB IS NI e
EL T T L P Py TS P Y LY

AVURAANARATHIAN LSRR TAARRES

1234586

T  LI Y P TPE IA RN L LT
LT T e TP TP Y T

ARPARLR R AA RIS AN T ART AN

123458

RATIAVE RSN T PRt basanThate
AT TIT LTI TR R LN

LR L T ISR LT YT YY) I 8 2

1283456

AbppakttrtriT LT T ASb R R Ay
ATHARRTRI RNV RTINS aa e

Ay rARERFASp e iR aRRRa AN

1234586

ENamadavabapan Tl AN Ry
T T T L Y P L P T T T 1Y
L R R P T L LT L
FeasannddrERnsrind praaRhny
LLE IR R TR AL LR LY RL Y

RAREANEELEE AN AR
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14. Eiectromagnatic induction can best bs undlerstood by
students if teachers use demanstratmns in their lessons.
- PIease EXPIBIN....o i msotsssisesmesonisiees

LRy L e S R A LT TP PP RS S e

renmien olal|sotn;¢'¢- AT AR A AR NN A AN AR R AR AR R SR N AN L TR R TR

18. For students fo understand the concept of the magnetic .

fietd they must understand Flaming's rules.
Please Exp]alnu- L T L R T _uun rrerraniaey l‘c.I.Q'g'.-oc'ov‘o.qto-nilbl

L L D e N Ty L T Y P T L T T e P T TP e L e Y )

R R P P P FL S AP PO PP PP PR PR,

16, Distinguishing batwaen the magnetic properties of irun and

of steel is easy for students.
Ploase EXPlEIN. ... muimi s

T E L L L L T T L T P T T T P PP TY L Y PR YT,

P R T T I L R P T T P T T P T PP e PR TIE Y FIE T ¥ TP T T

- 17, Havingfunor structurad play with magraats in Physws
. lessons is a waste of time.,

Pleage Explain:.ii..........

FanaBrabpieunbinaviasanbviawihdbnn 11‘|o¢luuaro LY R Y Y e e R e T P P I T

MR P AN T A r R N AR bR TR PR AR IR A AR N AT RN eV n s PR R ARS R A na U AN nn RN R b R I ak

18. One of the things that make the concepts of ‘magnetic’ and

'glactriy’ fislds 5o difficult is the absence of formuiae to -

explain them at Ordinary Level Physics. _
P]aase Explain)dti.tl |‘t»‘.}‘.al)lll‘.1.‘.'l.‘llllx“.'ll)O‘lblt’i.t.“.i(ll‘i\li

B L T T e T T T T P Y PR PP TR TP P T T R TR T TSP B

L WhaReRsRREbRBALARIATRIREES k\"l‘llbqnlillt L L AR T T T IR WYY T P T

189. My students enjoy doing p'actlcais ona s ganeratora.
Please Exp!am.

FiaANAFRnsURY AR RRAD AR N AT AR R AR AN AR A RN NRLEA R A A I TSR EA YL SRRt AN A RN G I NNARLF PRI N

LR T R L R L L L T T P PR T Y 1YY |a.nnt|o. snnut".ntlu YIS

20. The transformer is the mnst dlﬁicult topic to teach in
slectromagnetism.
Please Explain........

L R e L Ty L R e T T L R N R R P IR A LT Y

R L NN P LN N A F RN BN T Y AN NN LA NN TR AN B A R b A A bt b AR anbn b b nn T T a b Sy

21. There is really a nead for students to master ali the formulae
in electromagnetism because 1 is difficult to lean Physics

without mastering such formutae, _ |
Piaasa Emlalnlliiiﬁ LLA T L AR L] ‘lli iil.! “‘0!!!!“".lI.'ll.."'.“‘ll‘i\lli!.‘ll‘._!

L T T L T T L L Ty N N L Ry I Y e I T TR YRR Y

T L L LT e e T e T TP T I T L I T AT R T e

123456

Wparbanate devivinsarratRy oy
Ensmpavi st b n LI R AR AL

ApamnAcuTAREIANR bR adnhry

1284586

ERREREERIAANEINCETEA N b b En
LT Y T Ty e FT T IV YV Y

T e L T PP e L Y E Y T

123456

LT Y LT N T P T LT YY)
PASAVAFANARAATNRRNNARE ARSI

L I PN TSR TR e R I T

1234586

AT AR NIRRTy
LT e P T P LY L)

Traskansdnd b iavadnadady

123466

N T L e ]

L e P T Y I P LY YT I

AFRTARFAN R IR N AR

123458

L LR L L T R TN T N I T 1Y)
I EETTLAIT RS AR AR RLLE JY TS

Tridusd by alAt s bbb A

123466

AREPRFARRE BRI ML R A r ATk
LAELTRLRA RO R LR L L L]

LEALER LI IR RS TR R RN )

123488

LT L T R T R Y T Y
e LS R kAR A AR AR

ERABANAAT NS ER AR A A b

Y <
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22, Itis not advisable to aliow students fo do prmticals on

frangformers breause transformrs are very dangamus o wok

AR R RNV AN R AR NP R AN b R L n At AR RN AP IS U AR RN RI PRI AT AR Ry A RAnF BT AR AR

23. Because it may not be possible ta do experiments with
transformers, the squation VgV, = N A should just be

given to studenta(whers N, is the number of ums on primary
coil, N, manumbarafturmansaoondary coli, V is the.

_ vcltage(pd) across the primary coll, V, is the voltage #0108
- the secondary coil), :
Plaage Explam

'Q.‘l-‘«.‘.“. LT T L T T P T TR LT SRR T YT e | !“Ol‘ LRI LT ERANE TR ELET )]

R ERERNANRE AN TR ‘1IOl‘l‘.-l‘llIl!"!¢i‘nl‘ti!|!)lv\¥§ii‘hli &tnt:ukrno)oltﬁltbclloir!!l"ll

24 Electtic motors canfuse students.
plﬂa” Emla‘niI!'ttt“l‘.ltInlI).li‘-‘ll*i ‘.ul""‘.‘l.l'llll.p.‘i‘!‘||g“l.l‘nhit L]

L L T T T T L T T T T L Ty T T T TP P T TP oY O T
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APPENDIX’B

Questlonnaire 2 : '

This is a questionnnairs, it is NOT A TEST. The mfcnnatsnn ynu gwe is going tc be
usad for the purposes uf resaach study only. PLaase giva as much :nfannation as
possible. - _

- QUESTION 1.

‘A stationary pos:twa chargé q, is plaoad near a current carrymg conductor c carrylng
conventional current I as shawr: below. _

il

In which direction is the charge i:keiy to mcve? "

g, Inthe direction -X
- 1. In the diraction +X:

¢. In the direction ~Y

d. In the diraction +Y

&. In the direction -2

f. In the direction +2 .
‘g. Tha charge will not move

{i} tick the correct responss

(i) Choose an option which is likely to be chasen by most students...........
(it} Explain why yuu think students wﬂ! choose that response:...... weereenens -

T LRt L L L L L L L T T T T R Ty T L B e T T T T T T T T L T )

QUESTION 2.
A small charged msulator q ls placed closetoa strung %tatmnary magnat M as shown,
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In which direction is the charge «q fikely to move? -
a. In the directior -X
b. In the direction +X
¢. In the diraction =Y
d, In the diraction +Y
8. In the direction -Z-
{. In the direction +Z
g. Tha charge will not move
(i} tick the correct response
(i) Choose an option which is likely to ba chosen by most students:.........
(ili) Explain why you think students will choose that TeSPONSe...ccvnririvines

QUESTION 3. _
A magnet, M, is placed next to a magnetic object W, as shown balow. 1t is not known
whether W is a magnet itself or not.

M ' W

- An atfraction is observed, This means that

(a) W is a magnet with its North pole next to the I, pole of the magnet.

(b) W is a magnet with its South pole next {o the N pole of the magnet.

(c) W may not be a magiet.

(d) W is a magnet but we can not know which side is the North or the South pole.

(1) tick the correct response
(if) Choose an option which is likely to he choséen by most students .......... .
(iil) Exp!ain why you think students will choose that rasponse ...............

R T T L L T T Ll T Ty T T Y T L L L S ANt L L L R L L r T Y ST L LI T LI T T LY T PR
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QUESTION 4,

Somebody has two wiras; wire A is msulated and wire B is not insulated. Ha makas an

slectromagnet with the wiras as shown below.(The wires are wound as solenulds(coil)

araund soft iron cores)

Which of the following statement is tre?
(a) Both A and B will becoime magneis.
(b} A will become a magnet and B will not.
(c) B will become a magnet and A will rot.
{d) .Neithar A nor B will become a magnet.

(i) tick tha correct response |

-(if) Choose an option which is likely to be chosen by most students....

(iti) Explain why you think students will choose that responsel...

Y L L T Lt L L LT T L LT L T T LT P e L Y T T T L R T Y P YT P I

T L L L L L L LTy L I PP PP PR L S U PP PP TP PP T P P T PP L PPP T TT PP

LR LR R RPN NN TR R 2

QUESTION 5.

A small charged insulator ¢ is placed close to a VERY LARGE, uns harged(neutra!),

stationary CONDUCTOR € as shown below.

&
& ; W
9 \|
- X

" in which direction is the charge g hkely 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) 'n the direction +Z
(g) The charge will not move at ail.
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'.(i)tick'meoarractréspénse L o -
({liy Chuose an option which is likely to be chiosen by most students...........”

(iii) Explain why you think students will choose st respanSel........
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- APPENDIXC
Questionnaire 3 o :

This is & questionnnaire, it is NGT A TES‘T The information you give is going to be
- used for the purposes of reseach study aniy Please give as much information as

possible,

QUESTION 1.

A stationary positive charge q, is piaced near a current carrying conductor G canymg
conventlonal current | as shown below. _

q .

|

£ X

In which direction is the charge q likely to move?
a. In the direction -A

b. Inthe direction +X

¢. In the direction -Y

d. In the direction +Y

&. In the diraction -Z

f. In the dirsction +Z

g. The charge will not move

QUESTION 2. _
A small charged insulator o is placed close o a strang stationary magnet M as shown.

4
']s N

|
/j "‘

- In which direction is the charge q likely to move?

a. In the direction -X

b, In the direction +X

¢, 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
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: QUESTION 3 - o -
A magnst, M, is placed next to 2 magnetic 0bject W as shown haluw it is not Known'
whather w is a magnet itseif c:r not . _

W '. w

An attractlnn is unservec! 'l“ms neans that
(a) W is a magniet with its North pole next to the N pcle of the magnet i
{b) W is a magnet with its South pals naxt to the N pole of tha magnet.
- (o) W may not be a magnet.
{dw is a magnet bt we can not know whie.h s:de is the Nurth or the Sou#h pole

. QUESTION 4,

el L T WL LTI T L s e

h’?-g,.—:,_..;}.'_...’;-';_-q,*.;.'_._: R

Somebody has two Mres, wire A is insulated and wire B is not insulated Hie mekesan
electromagnet with the wireg as shown ba!aw (The wxres are wnund as soienoids(cml)
-_around soft iron cores)

Which of the following statement is true?
~{a) Both A and B will become magneats,
(b) A will become a magnet and B will not.
(c) B will become & magnet and A will not.
(d) Neaither A nor B will become a magnet.
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QUESTION 6. | o |
A small charged msulatnr i | is placed close toa vERY LARGE unchargeﬁ(nautra!), e,

stationary CONDUGTOR c as shawn balnw

In which dlrechan is the charge g lmaly to move? _
{@) In the direction -X

(b} In the direction +X
- {6} in the direction =Y

(d) In the direction +Y

© {e) Inthe direction -Z

{H) In the diraction +Z

_ (g) The charge will nnt mmva atall,
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o APPENDIX D '
EXPLANATIONS OF TEACHERS ON SECTION B OF GUESTiONNAIRE 1

Statement 111 thare must be a choice betwaen the understandlng of sor\cepts,'
and facilitating the process of self-discoverv*, ‘then the teacher shauld rather
emphagize the concepts. _
T2 - Concepts are well emphasised through the use of experiments

T3 - Understandmg concepts is better done using experimental mathod

T4-

TS5 - Discevery is the best method of making students appreciate learnmg science.
T6 - Bmphasis on concepis may at times iead pupils to memorise.

T7 - Emphasing the concepts as a means fo try to open the pupils to dxscover them
themselves actually helps them fo better understand these concepts other than when

- they are just said out and explained to them,

T8 -
T9 - The concepts should be emphasmed even in self- dlsoovery can only be limited

- by egquipment

T10 - This will help students io get better understandmg of the subject and also build
interest and confidence in them.
T11 - More understanding will follow after understandmg of concepts

'T12 ~ Emphasizing the concepts brings rote learning while self dnscovery brmgs in

concrete learning and adventure in the world of Phys:cs‘

T13 - Students believe that the teacher emphasize the most 1mportant concepts,
'T14 - The concepts can only be facilitated when emphasized and understood, -
T15 - A basic knowledge of the concepts will be always helpful. :

T16 ~ This ja because the pupils will not fully understand and may S00R forget.
T17 ~ Because it gives that tsacher to do more discovery.

- T18 -

T19 ~ The process of self—d:scovery promotes original thinking and makes young
scientists.

T20 - There is lack of equzpment for necessary activities and also discovery learmng _
needs a lot of time, -
T21 - 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 emphasxzed upon,

Catagories:

1. Disagree

T2, 13, TS T6 T12, T13, Ti6, T19, T22
2. Agree

T7, 19, T10, T11, T14, T15, T20

3. Xotention of response uncertain:

- T17, 121

4. No rasponse:
T4, T8, T18
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- Statement 2: Eecause students do not like experiments on the design and uss of-
- permanent magnhets and e!ectramagnets ! sn‘npiv do not let them do such
axparimants - '

T2 - Students learn better when ﬂomg expenments

I3 - Because it is through experiments that students learn more effectmly and the
. way the teacher introduces it. _ _
. 'T4 - They actually enjoy doing expenments | | o
TS5 - Students like doing expeirments especially with magnets an& electromagnets
'T6 ~ Youngstets like to learn by experimenting - o
~ T7 - Experiments are on their aim, the best was of making the students understand
- theory and the concepts involved, : o
- T8 - Its not true that studenis don’t like expts - - o o
©'T9 - The students like sxperiments a lot it conld rmly be that they somet:mes do not
- have enough time or equuipment.,
- TI10 - The teacher should try whatever means possible thhm his capamty to let
“students know and accept the importance of these expts. =
~T1% - In general students seem to have great interest in experiments, .
. T12 - To get the concept of another motal attracting another is difficult to explmn o
- without a physical example, _
T13 - Students believe and understand by domg szperiments even if they do not llkc
~ them, _
T4 - Students learn best by domg rather than by being told
'T15 - Students like best experiments on magnetism ” e
~ T16 - This will not help them vnderstand the concept, 50 if tlmy do not like the

experiments'a teacher has o try and make them more interesting,

~ T17 - Because students like playing with magnets and like to do expenmants _
T18 - Experiments must be performed by the students with the assistance of the

teachers. It hielps the students to catch up the concept easily.

" T19 - Students like experiments on magnets and electromagnets, _
" TJ0 - Experiments generally form part of learning which mtemst pup:l Tost and

reinforce their understandmg of concepls.

T21 - Students enjoying first to play about or after the expenments thh matenals
T22 - This does not make the student self reliant but ties him to the ?

Strings of the tcacher The approat.h counts most here.

Catagunes*

1. Agree:

T2, T3, T4, TS5, Tﬁ T‘?, T8, '1‘9 Tlﬂ '1'11 TIZ, T13 T14 TIS T16 T17 TI8, :

T19, T20 T21, '1'22

s
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Statement 3; A big weakness of discovery activities* in electromagnetism

is the difﬁculty'ir_t getting the children to come up with the right answ ars.

.I|2 - . . o
T3 - ’l"h(mgh 1 have not done the expts thh my smdents due to lack of cqmpment 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 fo come up thh the right answer.
TS - 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 o them, then they wili af R
course htwe dt{ﬁculty in ge.ttmg the right angwers. _

TS~

T9 - If they have had enough expeﬁmentatmn they certmnly can come up wn:h correct
ANSWers.

T10 - With close supervision from the teacher, students can be able to overcome such- -
difficulties. . o
T11 - In discovery actwmes students tend fo pay much attention fo :tmportant points.
T12 - This because the field causing the effect cannot be seen-and a]so the electmn'
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 acttviues is mcommcnded smoe make.s students to understand and
creative. .

T15 - In such cases the students Wﬂl be told to repeat the axpenmcnts _
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 wnth the angwer.

T18 -

- T19 - Children very ofien make mistakes whes they give answers.

T20 - Children do not necessarily need to come with right answers but th'ey need to
be given a strong idea through well degigned activities,
T21 - The right answers can always be developed from the pupils vague answers.

. T22 - lterative methods could be introduced and this lead the students to surprises at

his potentials e.g Production of eurrent through HNO3 ‘electroplates the ? Electrode. -

- Catagories:

1. Disagm. '

T3, T4, 19, T10, T11, T14, Ti6, T17, T20 T21, 122
2. Agree:

TS, T6, 17, T12, T13, T15, T19

3. No response:

T2, T8, Ti8

124




e

PR ST B

Statement 4: Bacause of the amount of specnfic information to bs taught in

electromagnetism, at least 50% of the course should be givar ussng the -

lecture method.

T2 - In the case of lack of apparatus and explanatmn should be done to reiforce ‘concepts.
T3 - .
T4 - 1 believe in makmg students perform expenments to dxscmfer for themselves how
ordinary magnetic materials are made into rivagnets by passmg electncxty through them and
slso see that they behave like permanent magnels, _
'T5 - This topic requires pmchcals and even use of models to show, say, that field imes are .
notonamngleplane : : _ S
T6 « Students will find it abstract, =~

T7 - It is not good rushing to finish whatever has to lm affered to these puplls before their

- final exanimations. ‘The lecturing method is 4 disadvantage since they are batthng with the‘ o

language with understandmg the material itself,

T9 - This could only ﬁepend on individual teacher no; taat there isa 101 of materml to be
taught, '

T10 - Teachers normally use the method of expomtwn in this branch of Physxcs because of v

iack of sufficient teaching aicls.

T11 - Bxperience have proved that students are confused in Laammg electromagneeasm
Practicals and experiments can usually bring more understanding in Physics.

T12 - The specific mfnrmannn in electmmagnetism actually needs a practwal 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 bc a waste of
time since student will not make seise of the taught, _

T15 - Always activities and expts. will promrote their Jearning, o
T16 - This is a purely practical topic and whenever possible lectunng s‘nould be kept
minimum,

T17 - Becuase the topic n‘ught be dnfﬁcult to come out of good answer. :

T18 - Theoretical knowledge is essential to perfonn the experiments acurately, :
T19 - In elestromagnetism it is: difﬁcult and also time consummg for a student to discover
ideas by himself,

'T20 - I think practxcal methods should be employed whenever possible, The only reason for
not doing exp. Is Jack of equipment.

T21 - Fupils appreciate the facts 35 practical bet(?) It demonstrational is poing on,

122 - Teach a child the way to follow so that when he grows he will not depart from it.
apply this when the students are optimaty developed.

Catagories:

1. Disagree

T4, T5; T&, T7, T10, T11, T12, T13, T14 T15, Ti6, T20

2. Agree;

T2, T17, T18, T19

3, Intention of response uncertain:

T21, T22 _

4, No response:

T3, 18,
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Statement 5 A big pmbiam in teachmg electromagﬂattsm today_ is that it is S0
- axpensive to do meanmgful laboratory exper.ments at ali leveis.

T2 -

Lo o
T4 - Improv:sed laboratory mamnal cati h.lp solve this problem : '
T5 - 1 have found the problem being that the electromagnets are not vsnally strong enough L

T6 - Difficulty in procurement of some equipment

T7 - 1 agree with this because thess equipments/apparatus are reatly expensive S
T8 - I agree but this does not apply to our school bioz ours has a well eqmpped fully

equipped lab
T9 - At COSC 1t is pOSSlble to do meaningfyl expenmenis if there is enough eqmpment

- T10 - Experiments on electromagnetism are So expensive that schools can’t afford.

Authorities should try to pmvxde the necessary equipments or apparatus for such’ |

- experiments.

T11 - There iz a Iack of apparatus. partlcula:ly at CosC level but JC level the appamtus is
not that expersive. ;

T12 « If the {eacher is creative (not just waiting to use only the models eqmpment) then sorme -

learning can be carried-at 50 - 80% level.
T13 - At least demonstrations can do a lot to students, so using avaﬂab1¢ matenals

- experiments-can be done.

T14 - The apparatus use are not available in miost schools hence expenswe

T15 - Not 50 expensive at urdmary Tevel '

T16 - There sdre some experiments which used expensive laboratory equipment hut most of
them require cheap and easily available materials.

T17 - Because many schools have no laboratory and no eqmpment :
T18 - To explein simple concepts of electromagnetism we need only few thmgs “ cml of
copper wire, strong horse shoe magnet and a galvanometer,

T19 - Apparatus for expts on electromagnetism can be got'at low prices.

20 - This is because it seem our economy does not allow us to have well aqmpped

laboratories hence why we cannot do such expsriment.
T21 ~ there must always be excess materials to be present in case of accidents.
T22 - Improvisation superseeds the cost involeed, if any at all, ‘Magnets and magnetic

~ materlals are readily available hence as well as electricity low cost is involved.

- Catagories:

1. Disagree: '
T4, T5, 19, T12, Tl3 T15, T16, T18, T19, T29, T22

2. Agree:

T6, T7, T8, T10, Ti1, T14, T17, T21

3. No response:
T2, T3
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" 'and share the often difficult task of drawing conclutions from observations. .

vl o e 5w e s

. 19 - This is so because students should be able to discusses things on their own,
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Statemmt &: In performmg exnarimants in elactromagnetism. the best Iearning is .
likely 10 take ptace if students are able 1:0 wnrk alane‘ o _

T2 - E‘J.t teacher has to be amund o cla.nfy where problems arise _
T3 - Becanse at secondary level their lmowiedge is too very little regarding the tapm _
T4 - Working in groups helps students in that it enables them to discuss their observauons _

TS - Not necessaxily demonstrations and groupwork can also be effmnve

'T6 - If they are given enough guidanez - -

- T7 - 1 agree with this bevanse if they are able to- work on their own those they all the -
opportunity to adventure into things they might have not had the chanoe to realise under my

direct control. .

. 'T8 ~ They need to discuss

- T10 ~ The: stiddent will get full knowledge and understandmg of the experiment from his own
- observations and conclutions, = '
T11 - It better for pupils to work in groups dunng expmmmtal work so that they can shm
ideas and knowledge there come up with possibly common strong apswer.
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. - .
T13 - Because they are able to dnscover some Loncepts which enable. them to nnderstand what
they are doing. '
T14 - Since they will see most of the things by themselves and they will come up with
quesnons fo the teacher, _ , :
- 'T15 « with the assistance of the teachers ' o
T16 - Students should work under close supemsxon of the teacher as they may sometlmes
- try dangerous things, _ . ]
 T17 - They nesd guidance and help where necessary o ' R
~ 'T18 « Onge they have the theoretical backvound, it is advisable. ' : : .*
‘T19 - Most students are more a.chve when they do g supwork, A studenit does noi Tike to_ .
staymlabslune L -
T20 - Learring in most cases take place. effectively in group work dlscussmnm o 3
T21 - Pupils will follow all the steps procedures withuut distructions. . ' o
T22 - Students must be sparsely supervised and guided to enable the desued results acha.u f’d
Otherwise intmpretation of their findings might be 1mpeded ' _ '

1. stagree -_ : S . o o
T3, T4, T5, ’I‘B Ti, T19, 1‘20

™, 6, 17, 9, 1:10 TI2, 113, 'r14\, T15, *rus m TI8, T21, T2 o
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T2 - " ' _
T3 ~ To hmld on - “lamm to unknown" .

Ts.‘.

- T6 - This will be the baisc on wluch they can absorb new ideas - S
77 - This makes it easier to the feacher to best present the iopic to the studen:s in sus:«h a way

that will help them to best understand it(when.the teacher already !mows the:r minds) -
Ts -

them,

T10 - This will dra.w the attentton of the students to the lesson, The ;em:her will alsn kaow
‘where exactly to start from, -

'T11 ~ Electromagnetisim is the to;nc which huilds up on some other concept Therefore 1t is

~wvery impao.tant to know the prerequisite knowledge of the pupils. -

T2 - 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 especxaliy

T14 - Since they will be taught of the kaown to the unknown
T15 - Previous knowledge should be assessed as far as possible.

be rectified, :
T17 - They may have an idea and lead them fo discovery method

: Statement (L Whan teaching alaqtromagnmism the teachar must ﬂrst fmd out what_ »
- ideas students alraady have. e .

T4 - This will give the teacher an msxght as 1o wluch areas will reqmra strong emphasls
‘during his teaching .

. T9-Ttis of wtmost 1mportance to ﬁnd how much students. a]mdy know to avoid boring

- 'T16 - This will enable him to structures the work in such a way that their nusconceptxons can

- 'T18 - This helps the teacher {o formulate the method for introducing the conecept effechvely .

T19 - This helps the students to memorise the idea w’ﬁch they may have forgotten. It also

encourages creative thinking. -

T20 « 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.

T21 - The students ideas can be a basis for medeling to the correct facts, - '
T22 - This will form the bases for an introducting approach. The basic knowledga of students
in relauon bo a subject tnpic ? quick results, . _

Catagonas'
1. Agree:

13, T4, 'I'.6 T7, 19, TlO, T11, T12, T13 Tl1, Tl2 T13 T14 TIS T16, Tl?f

T18, T19 TZO T21 T22
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Statement 8: Studants do not knuw any thmg about eleatmmagnatism, 80 the s

- teacher needs to. tell fhem all the basic facts,

T3 Depends on the back gmund and general knowledge of the student
‘T4 - I discovered that students had seen electromagneusm in their everyday lsz but did not
know that it was electromagnetism _ '

- T3 - At COSC, students aiready have some idea about electromagnensm

T6 ~ This again gives viabl foundation

- T7 - Telling then the v facts actually helps in bu:ldmg a strong ;ua,:datton nf .

- electromagnetism which will }11: them to best understand fodow the followmg presentatxon .
of the ropic SRR . . '
T8 o

T9 ~ This depends on-the backrovnd of the students fiot thae the.y do not lmow |

- T10 - Students know something a\@t the subject but they may not be aware of that fact.
.Few examples and applications . X
"T11 - It is not necessarily the case ‘t\they do not anyzhmg 2.8, ? students are famxixar thh'

elp, -

action of magnets on other materials \
T12 ~ Teaching electromagnetism is not unique from other topics in Physics, Students when
asked lending questions can establish their own basic facts needed,

- T13 - Students become aware of the: things concemmg electromagnetism if they are told of .

the basic concepts. -

. T14 - The concepts should be understood 5o that facilxtaung cani be easy
~'Ti5 - They know. What is needed is an introduction for recollection.

. 'T16 - Students need not be told everythmg 4g they may find somethmgs for themselve\

given a chance, _ S

T - Because they have done this topm at lower level..
TiS§ -

TS - = They knnw many basic facts,

T20 - This fact should be reinforced bj' eﬁpenments hare posmble "

T2l - To start the students to experiment the facts,

T22 « This is indeed acceptable, By given them the basxc facts they are equlppad to research -
and enxich thelr knowledge furthar

Catagones
1. Disagree:

_ _TS T4, 15, T9 TIO Tll TIZ TIS T16, '1'17 'I‘19 'IQO

3 Agre'eo

T6, T7, TI3, Tl4, n___l, ™
3. No response: :

T4, T8, T18
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- Statement 9 Electromagnetism is the most ﬁ ifﬂcu!t subject in ths:cs, and the mast _
difficult to teach, - S . _ . '

T2 - Nuclear phySICS is more dtfﬁcult

T3 - Due to lack of equipment and limited sﬁllabus carefu! not to go beyond tha expectet!

T4 - I think its easy because it can be shown with sxmple matena!s eg.a toﬂ’:l' ccll a wire -
_-andasma]lcompass o _ Y
T5 - Tt is infact facinating to students. ' _ o

T6 - Most teachers find it abstract : L
T7 - It is not necessacily the most difficult in physics, tingh o that easy, to  relate it o |

- pupils because of the depth with which one has to 80 into 1t to get thf: concepts.

TR -
T9 ~ The onl;y difficult part is the induced magnet[elecmmty because it is abstract, .
T10 - The topic seems. abstract to students at fitst but studente tend to iove it and consider
it the easiest in theend, .
Tii - It i nipt necessarily that it is dlfﬁ(:lﬂt but the its mustly that there is madequate"
teaching aids for the topic,

T2 « It becomes only difficult if the teacher is domg it without requ:red equipment. .
T13 - Because a lot of expznments wluch can be eamly done enable thiy teacher to pass Lo
- conecepts to them.

T14 - Not really but teachers have that beheve that the sub_lect is d:fﬁcult hence make tham

 teach in a difficult manner, = _
~ - T15 - There are more difficult topics viz radmactwity, electromcs, etc. L
T16 - With adequate equipment, electromagnetism can be fuh and is not necessanly the most :

difficult to teach, -
T17 - Because it depends on the avmlab:hty of eqmpments.

- T18 - It is not difficult 4o teach if you have proper lab. facmtleé. : o
. 'T19 - A students has to think well to understand the conccpts Many students ﬁnd it hart to

understand the laws of e.m. induction, :
T20 - This ia because there is no equipment ta perform necessary expenments to make pup:ls -

- see and believe what they are told,
- T21 - Hiustrattive experiments always simplify the tf:aching pmcess

T22 - This is absolutely not a fact. At C.0.8.C. it does not follow. I in terms of

- Spectrometer basic natural concepts could be emploved to facilitate this.

Catagories:

1. Disagree:

T2, T4 TS, 17, T9 TlO T13 TlS T16, T18 121, '122

2. Agme

T3, T6, T11, T12, T14, T17, T19, TZO

30_ NO l‘espﬂllsav
T8
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| Statement 10 Experiments heip studenis to better understand alectmmagnatis -
. concepts stich as magnetic fleld’ and ‘magnatic induction’, :
_ '1‘3 Through expenence

T4 -

TS « With ‘magneﬁc field® even models are helpful B
T6 - They learn from what they see. -

T7 - Even, though we don't perform expenments at this s"iaool because of inadequa.te |

- facilities, expenments do help students understand concepts -

T8 -

© 'T9 - They can never be understood 1f they have never been seen

- T10 - Experirnents make. students get those phySICa.l concepts which seem s ahstract and
imaginitive. - -

~T11 - This are rather abstract ooncepts whlch without md nf expenment ity very chfﬁcult for

students gxasn the concepts,
T12 - Thig is because its easy to visualise. t:ha twty cd‘ncepts on ;paper as weIl a8 mstmments .
- yE

: used L
- 'T13 - Beeause students start to compare the magnetxc ﬁeld of the permanent magnets and
- electromagnetic field. .
- T14 - Since they see most of the thmgs durmg their practtcals.
- T15 - Only through experiments they can find it themselves.

T16 - These concepts do not exist in our culturesa wuhout experiments students may not o
vunderstand nor belief,

© T17 - What the students have done is not gasy to forget. =
- T18 - Cutting the magnetic lines of force will produce an emf and this prooess is called e,
- induction, Therefore students will get the idea about both the condepts. > o
“T'19 - Concepts such as mag, field and mag. mductmn are easily undcrstood when they are

demonstrated,

- T20 - These are concepts that pupﬂs mnnot 1magmt= or see around heace why an expenment |
* can reinforce the understanding,
‘T21 - Vissible results with ivon filings make the concepts eastly understood

T22 - Yes indeed. What the eyes see is retained in the brain fora longer time than what' is
heardwiththeears o S

- Catagories:

1. Agree: |
T3, 15, T6, T7, T9, TIU Ti1, Ti2, Tl3 T14 TIS Tiﬁ TI? TIS Tib 'I?O
T21, '1'22

2. No response:

A
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Statement 11; Studants understand tha dlﬁaranca batween the 'elactri and'
‘magnetic’ fields, |

T2

T3 - .

T4 - Its very hard to cxplain

TS -

T6 ~ Mostly they oonfuse tha two

T7 - ‘I‘hev slightly confuse the two and it does Iake them t:me ta make a d:fference
T8 ~

T9 - This are not vissible so they | are not very clearly demonstrable

- T10 - Experimentally the effects of these fields are understood by s&udents Smdems knuw

their existence and how differently they function,
T11 - Students tended to confuse the concepts In fact they mterchange thern without reasons

- in most sases.

T12 - Before we normally Jook at Magnetic fields, the idea of electric charges hawng an
attraction among themselves, nature are looked at. Mature of their fields discussed.
113 - Because the properties of electric field enable the students to xeahsc thai electric field

~ is due to curvent,

T14 - Not all studenis see the difference between the two
715 - Through experiments they discover.

- T16 - It is not always the case,

T17 - Not all students can understand this dlffen'ance

" Ti8 -

T19 - Most studenis understand mag field. But they cannot understand eiectnc fields, -

- 'T20 - The terms themselves are self-explanatory and if explained well students should ilﬂt.

have problems in understancing the two, Electric implies charges in contrast with magnetic.

- T21 - The causes (source) quite different except the pattens may look alike.

T22 - 1t indeed poses 4 strong confussion when these two fields are introducsd but with time
and through explanations ag well as emphasxs on direction of flows, ‘This is over(?)

: Catagones. -

1. Disagrees
T6, T7, T9, Til, T13, 'I‘14 'I‘16 T17, '1'19 T22

2, Agree:
'I‘lO-.-'I‘lZ 'I'Zﬂ '1‘21

3. Intentlon of response uncertam
T4, TIS _

4, No respnnse.
T2, T3, 15, T8 T18
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Statement 12:1tls mpossnbte to d emonstrata the fat:turs affectmg the magnituda - |
of the emf induced in alectmmagnettc induction. )

1.

T3 - Lack of needed equipmant

T4 - All it requires is tho right apparatus and carrect method(s),

TS - It is difficult to get magnets of differant strengths. Also to move the coil at dlffemnt '
speeds in the field and detect the current. _

'T6 ~ The apparatus which can be used is simple.

T7 - 1t is easy to arrange such an experiment. espactaliy at High school level
T8 -

be demonsivated, - :
T10 - The effects of these factom can he proved expenmentally to the full understandmg and
acceptance of students. - o
T11l - It is not that lmpOSSlble as doing as reqmred materials for deron“tration are B
ava.lablc(but inmost cases they are not enough), -
T12 ~ By using a solinoid, Magnets, a galvanomater the factors are vmdly observed by
students,

T13 - Becanse factors affectmg the magnitude cannot be seen or be demonstrated

“T'14 ~ No impossible but something difficult, they can be demonstrated

T15 = It is possible with the help. of right instruments,

T16 - Sometimes.

T17 - There are some experiments that can be demﬁnstrated to show this. -
T18 - Tt.is not impossible - for e.g. increase the no, of turns of coil, use a powerfuil magnet.- -
insert the magnet with more quickly will help to show the above idea. '
T19 - It is easy to demonstrate the factors prowded ‘we have coils of wire and magnets and
g.meter, L
T20 - With well desxgned actmttes and suitable apparatus effectwe demonstrations cnuld be
done.

T21 - Materials and equipments ave available _
T22 - Since the parameters for measuring e.m.f. are there in the labs it is not dxfﬁcult except :
for 111 equipped schools .

- Catagories:

1. Disagree:
TG, T7, T9 T10, T11, T12 Tl4, T15 Tl? T18 T19 ’1'20 T21, T22

2¢ Agm.
T3, T4, T5, T13, T16,

3. No response:
T2, T8,

133

T9 - They can even be discoved hy the students themselves, not nccessary that the.y should o




e Y

 Statement 13: Students understand the concept of the magnetic field.

12 -

T3 - Through expenment done by them . :
T4 - It can easzly be shown using a permanent nmgnet and iron ﬁhngs .

Ts‘. v

~ T6 - Some find it as somethmg in heaven.

T7 - They slxghtly understand this cornespt,
TS -
"T9 - This one can be nnderstooci as the effects of its PIESENCE 4re. clear.

~ T10 - Students appreciate the existence of magnetic field and how it functions.

T11 - Students seemed to understand by a:d of expenment and thmr mfonnal lmowledge nf

- action of magnets. -
 T12 - Bspecially when lookmg 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. -

- T15 - Te some extend,

T16 - With sufficient expenménts studeénts witl understand the concept of magneuc ﬁﬁld "

~ T17 - They have done this experiment at Jower levels,

Ti8 - - Concepts of the magnetic field is the basic idea which newds to explain e.m, induction,

- Besides that it is a very simple concept in magnetism.
- T13 - Since mag. fields can be demonstrated.

‘720 - This is because magnetic field can be deﬁndd w:th wurds clearly

- 'T21 - Force through invissible but its effects are very noticable eg attraction of irou ﬁlhngs
- T22 - Very well, as the regwn w:thm which a magnenc influence is ie.lt S

" Catagories:
1. Disagree:
T8, T

- 2. Agree:

TB, T4, T7, T9, TI0, Tll T12 TIB TIS T16, 'I‘17 TIS, Tl9 T?.O '1‘21 122

3. No. response

12,15, T8
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_Statemeat 14; Electramagnatie induction gan best be understaod by students if

tefachers use demanstratwns in thair legsons.

T2 - Applicable in the case where apparatus are few, but students sheuld do expenments. '

T3 - sxpenenoed = -
T4 - In situations where materials are hard to find, demmstmtlcns can be used, But ! believe -
guided axpenments are the bcst _

TS ~

T6 - Demonstrations with equlpment : ' ' -
T7 - Pupils can better understand the ooncepts zf they are demontrated to them whcn o
possible., - . o

T8 -
T9 - In addition to this the students should do some expenmems on their own,

T10 - Some of the concepts are not easy to explain to the understandmg of the studénts _
through mere demonstrations without experiments,

* 'T1! - Some students may not understand the undcrlymg ccncepts bacause demonstrations are

done in too big groups, -

- TI2 - This bacause there are facts ‘which cannot be just comprehended by studeénts by behef a

but by seeing,
T13 - Demonstrations enable the students to ﬁgure out whax m gc»mg on so teachmg becomes

. easy,
- T4 - Demonstrat_mns in Physms put forth- the best understandmg of toplc not only

electromagneuc.

T15 - Demonstrations and acuvzhes will help .

T16 - In the case whereby the 2quipment i scarce dcmnnsuauuns van ‘work pmvided thc
teacher involves them as nite's as possible, :
T17 - Bxperiments help stud” ats to understand better o
T18 - If teachers demonstrate the expt defenetely it helps the students, but 1f the students .
perform it by themselves it helps thein far better understanding. :
T19 - Students are fascinated by the idea that electricity can be got without a cell or battery.
T20 - This is because demonstration is the best teaching method which gives pupils 2 chance _
to observe hence improve their understandmg

T21 - Precise to the point and no waisting of a lot time

T22 - Yes demonstrations opens way 10 activate the students apenite io the lessan as well ay
the topic in question.

Catagories:
1. Disagree:
T10, T11

2. Agree:
T2, T4, T6, T7, T9, T12, T13, T14, T15, T16, T17, T18, T19, T20, 121, 'I‘22

3. No response;

T3, 75, T8
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Statement 1 5 Far students to understand the cnncept of the magnetic field thav

st undarstand Flemmg 8 rules. o

T2 - In prder to determine direction of force, field and current,

T3 - Can be shown through other relevant experiments.

T4 - 1 think they coght to learn about magnetic fieid before Iéaming Flemmg s rules,

TS - Flemmgs rules deal with the motor or genérator, Magnetic fi f‘eld isa property of
magnets anyumc _

T7 -

T8~

™ - The magneuc ﬁeld can be understoud very clearly w:thout these rules at High school |
level,
T10 - This will throw hght ok the subject but the tmx:her cﬁuld alsn make them understand .
the conecept thmugh other ways, I°
T11 - In connection with electric cﬂrrents Fleming's mle are very helpful as these is no
formula for concluding or so. : “'mg

- Ti2 - Fleming’s rules are §¢: : “’mations af magnetw fisld

T13 - Fleming’s hand rule i x)‘ -~ if the concepts are lmown alteady

- 'T14 - If the rules are underm ® 511 understood

T13 - Always the rules are very . Sy
T16 - Not nenessarily

L TI? -

T18 - It helps them to undersland the cohmf :‘i 'nagnet:c ﬁeld clearly, smce it tells about

- the direction of mag. field.

T19 - Mag,. fields can be demronstrated w:.th the hdp ofiron f;mgs or compass needles

129 - The rules help to determine the directions in electromag,. etic induction. Direction of
- curfent or field say, so it does not interact with the leaming of magnetic field. :
T2 - 'The rules are to guide to understand the concepts but not the other way round.

722 - This is absolutely correct, demonstration with the left and right hand rules paves way
for the:r underssanding. _

Catagones.

1, Disagree: |
T3, T4, T5 19, Tlﬂ, T12 T13, T16, Tl9

2. gree.
TZ Til, T14 T15, T18, T21, T22

3. No respnnse
Té, T7, 18, T17
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Statemant 16: Dimnguishlng hatwean the magnatlc propertias of iron and ai‘ steel

is easv for siudants, -
B

T3 - Because it can be shown thmughexpenmems L D

T4 - Basy to demonstrate

T5 -

. T6- Bquipments used is simple for them

T7 - It is made easy by the demonsttaﬁnn done in dzstrmgmshmg between the two
T§ »

19 - This 1 is very easy w1th experimentation or dammstmnon and by bemg told.

T10 - Through siriple expenments students easﬂy understand and appmczatz the dlsunction
between the two,
T11 - Some students tend to cﬂnfusa them

'T12 - Students tend 10 think that Iron is the same as 'steel Thus due to zheu' pnor knowledge

of Iron exitaction and how steel is made.
T13 - If and only if they know that iron and steel are metal at‘ dlfferent material,

* T14~ Since students will be knowing the dif  jce berween iron and steel.
" 'T15 - They do the activities right from the juaior level.
‘T16 - Sometimes it is not so easy for them to understand,
- T17 - For iron because it shows better propertiss, - :
- T18 - 1t is not quite easy - Most of the studcnts think that there is no diftmnae betwaen iron
. and steel,

T19 - Since this can be mught with the help nf iron filings,

T20 - This is under the condmon that thers is a use of a simple activnty ta reinforce the
understandmg

T21 - They are matanals of t‘he same nature except for reeamtm power of magnet;sm. -
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 propernes o

_Catagories'
1, Disagree:

Tll !2 T16, T18
2. Agree

T3, T4 T6, 17, 19, TIO T13, ’?‘14 TIS, T17, T19, T20, T21, 1‘22

3. No respunse'

T2, T5, T8,
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Statemsnt 17: Having fur or structured piav with rnagnats in Physics lessons is 8
_'wasta of time.

E T2 - Because students are able to discover many concepts.

T3 - Because that would mean least exposure to the discovery bi‘ stade.nts

. T4 - Students learn more this way.

TS =

- 'T6 - Playing does help student.s to lean,

T7 - It is niot & waste of time gince this make students leam more about magnets. .

T8 -
- T9-In mos: cases students nnderstand things better if they have had tme to play thh such

ideas, -
T10 - Constructive fun or structured play will heIp make students understand the Iessons

~T11 - This is the most important part of learning a3 what one does is not easy to forget

T12 - If it is on discovery of some facts then its necessary,

©'T'13 - Students know what they have done than what they are toid oE
714 - Students learn best when havmg funr with the topics. .
 T15 - It will oredte more interest in them if we have somie fun to.

T16 - This will promote the students interest while they are also learning,

-T17 ~ Becanse magnets are useful in our lives Physics is a good subject,
T18 - It is not a waste of time provided that if you have enough time tor speml

T19 - It is not a waste of time, It creates a deep liking for subjects,
'T20 « N/A since I have never taught or carried out such activities.

- "T21 - Discoveries are sometimes made aceidentally or while having fun.
~ T22 « When you organise a structured play or fun students easily adapts and understands
- faster as well as retain all they have Jearnt in the process.

Catagoﬁw

1. Disagree:
- 12, T3, T4, T6'I7 T9 TIO TII TIZ T13 ’1'14 T15 TIG Tl? T18 T19,

T21,T22

R No respnnse

T3, T8, T20
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Statement 13 One af the things that make the cuncapts of magnem’ and.

elestric’ fields so difficult is the absenca of fnrmulae o expiam them at Ordinarv -
- Level thsics. o . . o

r2-

T3 - Formula: is hmught by/from’ lcnowledge uf the thao:y

4 - . .
- TS - We dow't need formulae to explain ooncepts We use fonnuiae to apply concepls

'T6 - Formulae may help to enhance the understanding from experiments

- T7 - I agree with the fact that it is not easy to understand these cnncepts at ordmary level _

eventhough the absenca of formulae is not necessanly a factur

- T8 - '

- T9 - The formulae do mst make things claar they only hielp in calculatnons So the problem :
- is experimenting. -

- 'T40 - Formulae are really not available but with the help of expenments nxamples and B

applications students can understand.
T11 - The concepts tend to sourid more ﬂzanreucat than practically to some extend.

T12 - It iy because of the confusion of the sources of nagrietic and electric fields,

T13 - Students believe that dealing with physics means dealing with formutae.

T14 - Formuiae are there but difficult to understand at the level stated.

T15 - Some simple formulas will be always he.lpful

- T16 - Not necessanily

T17 - Recause formulae can be discoved by usmg expmmants o
TI8 ~ In O-level Physics we are not going ‘o the. ooncepts much deeper.

. T19 - They can be explained without formulze.
T20-NA -

T21 - Stating of the facts seem to be abstract without relanonshxp : ' -
T22 - If one 1§ inovative, nothing is difficult. Formulae could be invented a thorough
Imuwledge of the basms are nenessary and :t does solve the problem

'Camgones.
1. Disagree:
_ 'I‘S TS, T7, ’I9 T12 T14 le Tl"f T19

2.

TS, Tw,'m, ’I‘13-, T15, "_12'1? T2

3. No response:
T2, T4, T8, T20
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- Biatemant 19: My students 'an]ov dn’ing practicéls"on_-a. c. ge'neratnrs.' -

) P A T L o s A i
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T2 - Not sure becauss we don’t have apparatuse

3 T3 - I.do not know - never done - lack of equipment

T4 - 1 have bad to do demonstartions in this tepic due o !ack of apparatus

T7 - Refertom

T8~

T9 - Students en_loy domg expenmmts on everything provxded there is enough equxpment.

T - ’I‘hey are excitad to know that such simiple experiment can lead to the production of
© 711 - There was lack of equ:pmemt and this was difficult to make students fo understand. o
- T12 - This because they are kept on the alert by the way the .. f causes the pcnnter of '
galvanometer to deflect. - .

T13 - Because they are suppnsed of how a.c. can be used to do a. oertam Job

 T14 - Since they practice that has been lectured. -

TiS =1Itisa difficult nxpt to parform at ordinary level

CT16 - N/A - .
~'T17 ~ Some are afraid of electnc:ty being chukad
T18 ~ Not all but some.

Ti9 « No comment 1do not gwe practicals on generators __
T20 - N/A

T21 - Without oscilinsaopc the A.C. properhes can not be seen. May be difficult o

~ appreciate on (Motors).
-T22 - They do not always en;oy it but about 70% of the students ‘mve mhenuons to further

in science nnjoy it espeually the club members.

B Catagmes‘

T2,T3 T4, TS Tﬁ T’? T9 T10, Tll TIZ T13 T14 TIS T19, TZI '1"22

2. Agree-

‘T15, Tl’?

3. No response _
T8, '1_‘16, T20

| TS -1 think they would enjoy that if they had the chance We dzd not have stmng magnets S
 and sensitive galvanometer, o | '
T6 - They find them as attractwe machines.
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Statement 20 The transformer ls the must difficult tnplc ta taach in - .

' alectromagnatism _

T2 -
T3 - Basy to understand even wlthout pracucal

‘T4 - Simple hand - made transformers can solve this problem,-

T3 ~ The problem is that a simple transformer made in our laboratory did not seem 1o work. B
T6 - Most teachers do use it,

- T7 - tis not easy for the pupils to understand the step. ag up and down nf the transformer B

and this makes it notthateasy to teach

TS -

T9 - It is diffi cult bacause this emf on the secondan' co;! is mduced a.nd it is hard to
understand.

T10 - It i3 rather the easiest topm. Smdents easily understand the concepts and the o

ealcutations involvead.

Tl - Most of my students showed enough understandmg in transformers,

T12 - It is easy because there are many physical situations the transformers are used.

© T13 - Students takes time to understand the difference between d.c. and 2,c. so this makes

transformers difficult, _
Ti4 - If electromagnetism is understuod there is no wny students can fall to understand o
transformers, . _ _

T15 - The students understand it betber : .
TI16 - Sometimes siudents find it difficult to understand es;:ecxaily becausa we never do

practicals on transformers.

T17 - Because it nieeds a ¢lear éxp!anatmn and pracﬁcals o understand
T8 - - §
T19 - The most d:fﬁcult toplcs are AC,and D.C. Ifa student has understood A.C he can
easily understand transformer.. N
T20 - As interesting as it is, the topic is not difficult especxally 1f it Is taught to pupﬂs with
a good backgtound in electromagnetic induction. -

121

T22 - The transformer is the easiest tomc to teach in Physics as a whole. The taachers '
capability is tested here -

- Catagories:

1. Disagree; _ _
T3, T4, T10, T11, T12, Ti4, T13, T19, T20, T22

"Z.Agree:

T7, T9, T13, T16, 'r'rz

3. Intention of response uncertain:
TS, T6

4. No response:
T2, T8, T18, T2l
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‘Stetement 271: There is really a need for studants to master all the formulae in

elactromagnatism becausa it is diffieult to lsarn Physics without mastermg such =
formulae. . . o . -

T2 - Formulae dusplay relatmnshtp between quanUes very easﬁy.
T3 » Because 1 do not understand how formulae is connected to mastenng 2 subject
T4 - _
TS - Electromagnatzsm formulae are not necessary for studymg all Physics,

T6 - Not necessary to teach it using formulae L
T7 - Formulae gre basically sumaries of the concepts dealt with in a topic so understandmg _

 them acmally mikes 1: easier for one to undersmnd the topm.

T8 -
T9 - The students should master the conoepts not formulae. o
T10 - Formulae or mathematical calcxﬁatmns throw more. hght on physics problams and

hence should be mastered.
111 - Formulae and theories work *hand in’ glove - '
. _T12 - All Physics concepts are not only based on formulae of eiectromagnahsm . s
~"T13 - Students may master the formulae without knowing what they are doing or looking for,
~ T14 - There are some that can be mastered by students without formulac mastering 100%

715 « Formulae are always required but to understand thejr cuncepts formulae is not & must.,
T16 - Physics ig all about formulae and using them, . :

. T17 - Because the students ke usmg them Iasy to discover them.
- TI8 - - '

T19 - Phivsioy can be understoud w:thmlt formulae. o
'T20 - Tiaihk understanding the physicai phenomena is more important so that pupﬂs canuse
the formulae meaningfully. : '
T24 - Bquations help to remember the factors involved and how they are related.

T22 - Many formulae in physics are-interrelated hence should they know the basic concepts

- it will be easier for them tu denve the rest of it from there.

| Catagnnes*
1. Disagree:

T3, TS, T6, T9, Ti2 'r13,_'r14,._'r_15‘_, T17, TI9, T20

_2. Apree:
T2, T?, T10, Tll Tlﬁ '121 m

3. No response; .
T4, T8, T1§

10
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_Smtement 22 It i nat advisable to allow students to do practacals on transforrnars :
| because transformers ara very dangerous to work with, '

'I‘2 It is better be handled by the teacher for fear of high voltages that may result. _
T3 - Because teachers wide knowledge of dangers can provide a safe surroumdmg.

- T4 - Lab transformers are not dangerous to work with
" 'T5 - Especially 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 expenments they can harm the students -

~ because of their effect on the voltage. of the current. _
- T9 - Ifitis a small t:ansfomer there shuuld be fo problem Se they can make tha:r own.

transformer. . -
T10 - With the close supervimon of the teacher students ca.u safely perform. such practxcals )

. T11 - Demonstration should be prefered here, _
© 'T12 - Transformets which are expected to be used for expenmfmts at thzs Ievel of Physws
are of low a.c input and definitely also output.
* T13 - Transformers are not dangerous but the voltage which the supp}y is providmg iz the

one which is dangerous, -

- T14 ~ Since students like to touch hence: they may injure themselvcs if not cause death
- T13 - Not very dangerous a3 we can help thew and be with them.

T16 - They ¢an increase or lower the voltage therefore not a guod idea to'allow stuclents tu

. do these practicals,
T17 ~ Afrald of bemg choked, They can Just be shown and expl&med " them Voltage is

© wvery high -
T18 - Simple transformers are not dangerous, even. the students can deslgn of,

T19 ~ Transformers are sometimes dangerous,..
120 - Bspecially if high voltages are involved,
T21 - Most O'level physics expenments do not need very high voltages

© - T22 - When very high KVA's are in use they are riot expected to carry out experiments | here :
bui for any type of transformer with very Inw voltages 'Ihere are. no hazards. o

CatagoneS'
1. Disagree:
T3, T4, TG,T9 T10, T12 'I‘13, '1"15 T18, T21 '1‘22

2. Agree.
TS T7, T11, T14 T16 'I‘I'? T19 TZO

3. No response-
TS




N

B
 d
9

Statement 23: Because It may not be possible to do experiments with transformers,
the equation V. /¥, = N,/N, should Just be given to students(iwhere N, Is the -
number of turns on primary coil, N, the number of turns on secondary coii, V, s

'_'the voltage{pd) across the primary cml V,is the voltage across the secondary co:l}

'I‘Z -
T3 -1t depends
T4 -

TS5 - They have almast always understood it eapec:ally when they are comfortable w:th radios |

from maths lessons.

. 76 - If transformers are not available : ' o
T7 - Through explanation has to proceed the gwmg of 1he equanon 0 that they should .

understand all what they means..

T8 - L _
T9 - Just giving the eqnatmn wﬂl lead to memorizmg not uuderstandmg so expaﬂmennng is.
- still the best method.
T10 - Physics students should be able to do such ca]r:ulat:ons and they shmﬂd knuw the -
* formula even if they don’t go through the experiment. AR
T11 - It is possible to do experiments using coil of dszerent tnrns That is students should o

not necessarily be only given formulae,

'T12 - There are already build tmnsformers of vanous tars rauo and even mmple ones can
- be made to simplify the formula . . '
T13 - At least an understanding is reqmred for the student to accept the equatmn. R
- T14 « i is possible to some pracucals if thete are apparams -
T35 - The same as above(22) R

T16 -

T17 - Because it is a difficult mpxc in p'xysws

T18 - Without thé basic ideas about the transformers will give the students confusmn
T19 - Transformers are expensive and also they get damaged very often,

“T20 - With a well prepared lecture methiod the concept can be learned very well, |

T21 - Experimental set-ups even help to make students appreciate efficiency of it.

“§22 - The formula is & basic one, for a transformer that does not waste power, what ahout |

where voltage has to be compansated for or reduced The formula is not enough

Catagones

-~ 1. Disagree:

T9, T11, T12, Ti4, T15, T21, T22

2, Agree:
TS, T6 T7, ‘I‘IO T13 T17, T18 T19, T20

3. Intention of response uncertain;

13

4. No response:

T2, T4, T8, T1S
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Statemnt 24 Electric motors confuse studants

'I‘?. More especzal!y if they camot dxstzgmsh concepts of a c. generator well, .

- T3 - Not done,

T4 - It requires good explaining.

TS - Especially if they have not understood e!ectmmagneuc mduction They confuse the twn

Heming rules,

“Té - Simple apparatus

T7 - The concept of elecmc'motor under d.c. current is not that easy to grasp for these
Students. ' _ .

- T8~

T9 - This could be becauses they not very avaiiable to dlsmentle $O that students can actually

- see them..
- T10 - Students find it a bit difficult to unde;mand the concEpt of electric mators but with the
- help of experiment they overcome the problem.

T11 - Too many underlying concepts, lack of teachmg equipment. '
T12 -~ "There is a tendency for students to a.c generators as if they are alsp mntors

" T13 - Because it’s not easy for them to accept that motors equires electric currept.
- T14 - Some may be confused if they did not understand eleciricity and its cnncepts.
T15 - They enjoy the expis on electric motors,

T16 - Students sometimes find it difficult to undéfsmﬁd how the electm motor works

'T17 - This can be shown to students or demmxstrate
Ti8 -

T19 - The theore,ncal concepts of electric motor confuse students '
T20 - This is ina case where there are no apparatus to help students see what is really -

~ happening,

T21 - The make up of mators are the same as dynamo only initial energy supphed and final

~ energy obtained may confuse the students,

T22 - 'With thorough basic background on A.C. and D.C."s motors the student is at safely _ |
to watch whatever 1Y requ:red in uelectric motors : . '

* Catagories:

1. Disagree: )
TG, T15, T17, TE).

2. Agree:
T2, T4 T5, T7, 19, T10, T11, le '1‘13., T4, Tl& T19 '120 T21

3. No response:
T3, T8 .
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