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ABSTRACT

Science students come to class with pre-instruatiodeas that may influence the
acquisition of science concepts. A basic assumpifahe constructivist learning theory
is that these pre-instructional ideas should bertakto account in constructing students'
learning experiences in science classes. A numbeor@eptual change strategies have
been studied in order to alter unscientific (alabed alternative) conceptions towards the
scientifically accepted conceptions. The challeggiask of the science educator is to

select appropriate teaching strategies and techsitiat will enhance learning.

This study investigated students’ alternative cptioes about electric circuits and the
effect of activity-based instructional approaches ameliorating these alternative
conceptions. The approach took into account ther jeliefs of the students. A learning
sequence was developed, presenting a variety ofitgpexperiences in such a way and
order that learners' alternative conceptions coptdgressively be changed into
scientifically accepted ones. The sequence proggdesm contextual to conceptual to
formal activities. Co-operative learning, sciemti@nquiry, verbalisation and analogous
reasoning techniques were used to guide learngéheiacquisition of scientific concepts.
The approach was based on the assertion that tearsaentific knowledge and

understanding are socially constructed through, talitivity and interaction around

meaningful problems and tools.



The research population consisted of hundred (fiyear science students enrolled
at a South African university both from the NCS dahd OSC (Nated 550). The test
that served as pre- and post-test probed into desiralternative conceptions about
electric circuits. A theoretical framework, basedaxtivity-theory as it is applied in a
constructivist view of learning, was developed. Ae-post-test comparison group
design was followed. In particular, the pre-testipbd to identify alternative
conceptions held by the students in the reseanstplsa This was then followed by
activity-based interventions within the pedagogiealgis of OBE with a view to
alleviate the identified alternatives conceptiofisese interventions were followed by a
post-test in order to ascertain the effectivendsth® interventions in alleviating the
identified alternative conceptions. Both quantiat and qualitative data were
collected. From the quantitative data, using McNeama “t” test, the findings showed
highly statistically significant gains between thee- and post-test scores of both the
OBE and OSC groups (p < 0, 05), thus indicatingethectiveness of the intervention.
The qualitative data showed that most of the adifera conceptions appeared to have
been alleviated, No statistically significant diface was found between the

normalised gains of OBE and OSC groups.

Keywords: alternative conceptions, conceptual cbhamgjectric circuits, activity-based

instructional approaches, teaching strategiesyigctheory
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CHAPTER 1

INTRODUCTION

1.1 MOTIVATION FOR THE STUDY

The South African education system is in a phaseirmdamental reform, as opposed to
incremental reform syllabus moving from a curricaldounded on a highly specified
content-based, for each learning area in the auume, towards an outcomes-based
education(OBE) curriculum in which the developmentskills and attitudes has been

given equal prominence to discipline content (Hoh@&905:35).

Electricity is one of the themes in the sciencericulum in South Africa. Electricity
applications encompass many aspects of our everyidag. Beyond the school/
university curriculum or other module types, studeneed to understand electricity
because it constitutes an aspect of energy; eri®igyg a unifying concept in science. In
essence, this is what makes it fertile ground f@raative conceptions, in which students
develop views and imagery that are conceptuallfediht from scientific ones (Nada,
Iman &Waisim, 2009). Indeed, since electricity &'y common in everyday situations, it
is natural that students should have many altemmatonceptions about it (Caillot &

Xuan, 1993).



At the university where this study was carried oogny students have been performing
poorly in the Electricity and Magnetism module,ulésag in many repeaters every year.

The results obtained by the students are showalieTl.

Table 1: The results for Electricity and Magnetism (ESEM 03dvr the past five years

Year | Registered Students Passed Students Failed Percentage ofnttude
students Failed

2007|114 63 51 44.7%

2008| 72 26 46 63.9%

2009| 150 62 88 58.7%

2010| 213 81 132 62%

2011 227 110 117 51.5%

2012| 105 37 68 64.8%

It was therefore postulated that one of the reasonshe poor performances may be
ascribed to the notion that students have altermabnceptions and as well as conceptual
difficulties regarding electric circuits which colube interfering with formal instruction.
Another reason for the sorry state of affairs cduddineffective teaching strategies used
by the lecturer which may not promote meaningfarteng. Most of the examiners’
reports have commented on the extremely large nuwibstudents who perform very
poorly on tasks related to electric circuits, ame @f the observations has been that
students showed little understanding of certaincepts such as emf, lost volts, internal
resistance and external potential difference. Funtlore, students were also typically
unable to state Ohm’s law with accuracy. This sstggehat practical investigations
concerning Ohm’s law were not conducted with a view developing practical

competence and facilitating understanding of tle@th behind the practical activities.
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There is a paucity of research in South Africa tteraative conceptions and conceptual
difficulties regarding electric circuits, particula with regard to research within the
learning environment where alternative conceptiares used as the building blocks of
scientific conceptions. Another contribution thlaiststudy seeks to make is to compare
the performance of NCS and OSC students to determinether or not there is a
significant difference between the learning gaifighe two groups, considering their
conceptually different backgrounds. The other dbation that the study sets out to
make is to determine whether changes in the clari@and accompanying changes in
teaching approaches, effectively enhanced studeotsteptual knowledge of electric
circuits. Activity theory (AT) offers an appropreaplatform from which to provide OBE-
based instruction. One way it does this is to tyeaperationalise the specific roles of

each player /stakeholder in the implementatiorhefdurriculum.

Activity-based instructional approaches were usegether with historical developments
of concepts in electricity to ameliorate studemigérnative conceptions. In this study, an
epistemological approach was used as anecdotahement in order to help students not
to feel threatened by being confronted with “rawygibs” and also for motivational
reasons. The second reason was to introduce ppiiasd element into physics teaching
and thus to familiarize students with scientifimting patterns and the manner in which
scientific knowledge is constructed. The philosephielement is lacking in most of
physics textbooks, which deprives students of dgued a solid foundation for learning

the subject content and for appreciating the mangeivorld of physics.



Electricity constitutes an important part of theygios syllabus at secondary school. Its
significance in the syllabus is twofold: a studyetéctricity leads to the understanding of
basic properties of matter and also to the undedstg of the many practical applications
of electricity in the modern world; and the undansting of electricity by an individual

will, in all probability, help him/her to better darstand an important part of the

technological and natural world in which he/shediCaillot & Xuan, 1993).

1.2 STATEMENT OF THE PROBLEM

Students’ pre-instructional knowledge plays a @aloble in the acquisition of science
concepts in the classroom. Researchers such addlumssand Norvick (1982) have
demonstrated that students’ alternative conceptiomsy differ from scientific
conceptions and this tends to interfere with thearning of science. This finding is
consistent with the constructivist notion that thiernalisation (selective perception and
interpretation) of new information and ideas byeaspn is a function of his/her existing
conceptual framework (Ausbel, 1968). In generalstrsiudies of students’ alternative
conceptions that have been conducted, so far, amedbon assumptions that if learners’
conceptions were to grow into more sophisticatedeustandings of science, educators
must first establish the nature of their concejand then choose the teaching/learning
strategies that will accomplish the desired changethe learners’ existing alternative
conceptions. This should also be seen in lighbefitelief that alternative conceptions are

extremely resistant to change (Scott, Asoko, & Brj\1992).



Learning and teaching science involves more thanplgi substituting everyday
knowledge with scientific knowledge (Hewson & Thieyy 1989; Crespo, 2004).
Although numerous perspectives about conceptuaigshhave been proposed, the one
initiated by Posner (1982), is amongst the mosuénitial models and has gained support
from research literature and teaching practice @tew&Thorley, 1989). According to
Posner (1982) students would not abandon theirctensly held ideas and beliefs and
accept new ones unless they were dissatisfied thiéh former or found the latter

intelligible, plausible and fruitful.

Science education researchers have found thataatikex teaching strategies such as
enquiry and problem-based approaches result inehigiains in knowledge and
understanding of scientific concepts (Hake, 1998h&pinar, 2004). In a learner-centered
science curriculum, such as the one advocated dyN#tional Curriculum Statements
(NCS) in South Africa, science learning is mandatedoe active and constructivist,
involving enquiry and hands-on activities. In sualrricula, the purpose of learning
activities is to develop critical thinking and pleim-solving skills by posing and
investigating relevant questions (Department of dation, 2003:2). In so doing, it is
envisaged that the use of a wide range of leareatered activities would improve both
the learners’ attitudes towards science and theahatognitive learning of science
(Ramsden, 1994), which includes factual recall ali as knowledge of process skills

(Taraban, Box, Myers, Pollard & Bowen, 2007).



This study focuses on outcome—based education (Of#n that it was the official
pedagogic orientation of the country’s educatiosteyn before CAPS can be introduced
in 2012. Some of the current first year universiiydents have been exposed to this way
of teaching during their school years. These stisdeuld have brought with them a
number of challenges to universities, particulavith regard to the instructional
approaches in universities which still remain l&ydeontal, content-based and lecturer-

centred— and taking place in large lecture halls.

The NCS science students come out of an OBE legpanadigm and four cohorts have
already written examinations based on the NCS. &irity lecturers will need to make a
paradigm shift from traditional lecturer—centeredstiuctional practices towards
approaches akin to OBE in order to accommodatelgaming experiences of these
students. An understanding of the alternative cptaes that students bring to the
tertiary education sector will serve as a very ingat input into the recurriculation of
university programmes. These alternative conceptiorteaching strategies, which may
lead to the required conceptual changes, must bdiest in the science education
modules by prospective science educators. Addilygnacience education lecturers
must, themselves, use these approaches so thatuithent teachers learn from experience
regarding the constructivist ways of learning aeaching. Students come to university
with various ideas about science. This is shayea fumber of factors, one being school
instruction, and university lecturers are usualhaware of the alternative conceptions

held by students.



1.3. RATIONALE OF THE STUDY

Research on science learning has shown that stidente to science classrooms with
pre-instructional knowledge or beliefs about themdmena and concepts to be taught
(Novak, 2000). In most cases, these ideas areandistent with the scientific view, or
may even be completely opposite to them (2witl, 2002). Furthermore, research on
alternative conceptions has shown that such alieenaonceptions are very difficult to

change; they are stable and well embedded in stsidmynitive schemata.

A basic assumption of the constructivist learrtimgory is that learners’ pre-instructional
ideas should be taken into account in the premaraif current instruction (Bransford,
Brown & Cosking, 2000). A number of conceptual @ strategies have been studied
with a view to alter unscientific ideas (called eaftative conceptions) into more
scientifically accepted conceptions (Scett al., 1992; Duit &Tregust, 1995). The
challenging task of the science educator is tocsdlee appropriate teaching strategies
and techniques that will enhance the learning @f ¢brrect meaning and usage of

scientific concepts.

Maloney, O’kuma and Hieggelke (2001) have noteat ttleveloping instruments for
assessing students’ ideas regarding electricity rmagnetism is a more different task

compared to other areas of physics.

Since electricity is very common in everyday siioas, it seems almost natural that

students would have many and diverse alternatineegations about it. Although almost



all textbooks start their sections on electricitythwthe concept of electric charges,
students tend not to have a clear understanditigeotharge’ concepts (Eylon & Ganiel,

1990).

Given that alternative conceptions are very staibles not easy to replace them with
scientific conceptions (Novak, 2002).This is parféc so in cases where traditional
instruction is used, as this approach tends notrioourage meaningful learning.
Changing alternative conceptions does not simplammadding new information to an
individual’s mind, but rather taking care to accodor the interaction betweenew
knowledge and the existing knowledge in order tovjgle for the new to replace or
modify the existing knowledge. Replacing existing (often faulty) knedde with
scientific knowledge is one of the aims of concaptthange strategies (Novak, 2002).
Many researchers who study students’ alternativeegations in science have noted that
traditional instruction, based on the notion oihgfer of knowledge, is ineffective in
correcting alternative conceptions, and does nagllys result in meaningful learning

(White, 1992).

Research has also established that students wehacademically and/or economically
disadvantaged, benefit from activity-based prograsr{Donnellan & Roberts, 1985),
particularly where the activities are designed nooeirage active learner involvement;
and where students are organised into collabord¢i@ming groups (Ramsden, 1994).
The greater the student involvement, the bettermaoii long-lasting their learning tends

to be (Donnellan & Roberts, 1985). The task of ¢deicator as facilitator is to create



learning conditions in which students actively eygan experiments, interpret and
explain data and negotiate understandings of frings with their peers (Tarabaet

al., 2007).

Activity-based learning places particular emphasgisthe use of everyday contexts as a
starting point from which scientific concepts aeveloped and scientific ideas explored
(Ramsden, 1994). In this way, learning starts fretodents’ experiences and can be
guided towards an understanding of concepts, metlaodl structures of physics as
required (Lemmer & Lemmer, 2005). A sequence ofivdigts from contextual to
conceptual to formal learning can be establisheshc@mitantly, an effective shift from
students’ alternatives conceptions towards a cdoeépnderstanding of the scientific
concepts can then be formalized. If educators wereaof students' learning experiences
and the ideas they hold about science, then theeiter able to design instructional
approaches that are in line with policy imperatjvassd which are guided with current

understanding about the way students' learn.

1.4 OBE

According to Spady and Marshall (1991:34) OBE iduacational philosophy organised

around several assumptions and principles as expdtbelow.

1.4.1 Principles of OBE

The three key assumptions of OBE are that:

v All students can learn and succeed, but not osdhee day in the same way;



v" Successful learning motivates and encourages #nedes to strive to learn more
and mentally stretch themselves; and
v" Schools control the conditions that directly affettccessful school learning

(Rapule, 2005)

1.4.2 The Key Principles of OBE are that:

v" Educators need to establish a clear picture ofeaming they want students to
absorb;

v' Student success becomes the top priority for ptaprieaching and assessment;

v A clear picture of the desired outcome (result)e tstarting point of the
curriculum, teaching, assessment planning and imghtation, is necessary, all
of which must match the targeted outcome (finalligs

v' The teaching process should ideally begins with teacher sharing and
explaining the outcome from day one onwards, sonheurprises' philosophy of
OBE can be fully realized;

v One needs to design down, which means essentiahlkimg back from the
desired final outcome to plan the teaching andi@uum to reach it. This
consists of:

v" Culminating outcomes or exit outcomes - definingatvthe system wants all
students to be able to do by the end of the legrexperience;

v' Enabling outcomes - the building blocks for thentinlating outcomes, essential

to students ultimate performance success;
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v' Discrete outcomes - curriculum details that aree'o know' but not essential to

culminating outcomes.

- Expanded opportunity, which means that:

v Time should be used as a flexible resource, naedgbined absolute, in
order to cater for students' different learning@sadnd aptitudes;
v Educators should deliberately allow students mdrantone uniform,
routine chance to receive the necessary instruetthdemonstrate their

learning successfully.

« High expectations, which means that:

Outcomes should present a high level of challeomgestudents, which all should
be expected to accomplish eventually and be giveditcfor their performance at

the stage during which it occurs (Rapule, 2005).

1.4.3 OBE principles applied correctly will leadgccess in that:

v" Time will no longer control the learning processdaall learners will
succeed, but by being able to develop at their page
v' Outcomes will be measured continuously in variows/sy not only by
examinations
v’ Assessment is an integral component and applieddbroto cover
different aspects of ability. In addition to sulij@ontent, creativity and

critical thinking are assessed
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v Learners are encouraged to take responsibilityhieir learning, they must

know what they are learning and why.

Activity—based instructional approaches adhere ®EQprinciples in that they are
student-directed and transactional that is, they lagically occurring antecedents and
consequences to develop functional and generdktills By embedding interventions of
students’ individual goals and objectives in roatiplanned or student-initiated activities.
In activity-based instructional approaches, cleaxalg and objectives, which are
functional and embedded in play activities or noes, are developed. The educator
mediates the students’ environment to facilitagrrieng with the student directing the
educator on the pace and duration spent on thectokgs (Dada, Granlund &Alant,

2006).

1.5 OBJECTIVES OF THE STUDY

The objectives of this study were to:

1.5.1 Identify the alternative conceptions heldibgt year university science education

students regarding electric circuits;

1.5.2 Develop and implement curriculum intervensiobased on pedagogic aegis of

OBE principles, with a view to redressing the idiged alternative conceptions;

1.5.3 Compare the learning gains of NCS students agtiose from the OSC.
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1.6 RESEARCH QUESTIONS

1.6.1 What alternative conceptions do first yeaivensity science education students

have about electric circuits?

1.6.2 What curriculum intervention based on pedagaggis of OBE principles could

redress the identified alternative conceptions?

1.6.3 What are the learning gains of NCS studeomspared to OSC students following
any instructional intervention using activity-basettructional approaches, couched

within OBE principles?

1.7 HYPOTHESES

While the first research objective above generktgge amounts of descriptive data, the
latter two objectives were tested statistically.cawlingly, the following threeoriori

hypotheses are formulated:

1.7.1 An OBE-based intervention will significantglleviate alternative conceptions
about electric circuits held by first year scieeckication students who have been

admitted from high schools that followed the NCS.

1.7.2 An OBE-based intervention will significantglleviate alternative conceptions
about electric circuits held by first year scierckication students who have been

admitted from high schools that followed the OSC.

1.7.3 Students who studied under the NCS will destrate significantly higher

learning gains after exposure to an instructiontdrvention using activity-based

13



instructional approaches, within pedagogic aegi©BE, as compared to those

who matriculated from the OSC.

1.8 RESEARCH METHODS

In this section, the research design and instruatient as well as research sampling

techniques used in this study are explained.

1.8.1 Research Design

The pre-experimental one-group pre-test-post-tes¢arch design was followed with a
view to determine the effectiveness of OBE-inteti@n A test was undertaken in order
to develop instructional materials aimed at addngsslentified areas of difficulty in the

field of electric circuits to the students. Durithge process of developing the instructional
interventions that were used in this study, a Reseand Development (R & D) protocol

was also used. Activity-based instructional apphheacwithin the pedagogic aegis of
OBE were then followed with a view to alleviate tidentified conceptual gaps in the

students’ understanding.

1.8.2 Research Instrument

First, a pre-test was administered to studentsliagnostic purposes, i.e. to determine
their alternative conceptions about electric cisuiThe biographical information

collected included the names of the previous schtiwdé students had attended, their
gender, and the year in which they completed Gi2dd he intervention strategies based

on activity-based learning were developed. A vgriet activities were chosen and
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sequenced so that students’ conceptions could gssiyely be changed from their
alternative conceptions into scientifically acceptmes. These were based on succession
of activities and discussions, and were aimed tece progression from contextual to
conceptual, to formal understanding of the concepizost-test, the same as the pre-test,
was administered at the end of the interventiomrigler to ascertain the effect of the
intervention. The results were analysed using tHestt and McNemmar test.
Additionally, normalised learning gains were ca#tal in order to cross-validate the
effectiveness of the intervention. The gains ofistus from the NCS programme were

compared with those from the OSC curriculum.

1.8.3 Research Sample

The study involved hundred (100) first-year uniutgrsscience education students

enrolled at a South African University, both fronetNCS and the OSC.

1.9 LIMITATIONS OF THE STUDY

The limitations of the study were that:

a) The lecture rooms were not ideal for OBE institdl approaches as they have

fixed seats;

b) One group was used;

c) The participants are exclusively from the Facuftfducation; and
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d) Most of the participants have completed their héghool education in under-

resourced schools, where OBE may not have beerpydmplemented.

1.10 DEFINITION OF TERMS

1.10.1 Alternatives conceptions

Students’ own ideas and understandings of condbpts which are contradictory to, or
inconsistent with, the concepts as understood Bnssts, are referred to as alternative
conceptions, if these ideals and understanding haveeasure of robustness and
persistence across all ages and levels of scho@Wesi, 2001).There are numerous
synonyms for alternative conceptions, such as misgations, preconceptions, or
alternative frameworks. The term misconceptionsasyever, felt to be judge mental and
sine it implies that prior knowledge of studentsidounded and irrational (Wesi, 2001).

Therefore, the term alternative conception is usetle current study.

1.10.2 Outcome-Based Education (OBE)

OBE forms the foundation of the curriculum in Soifincan schools and the assessment
framework of the NCS for Grade R-12 (DepartmengEdtication, 2003).CAPS has not
yet influenced those students who are enteringeusities; therefore, the focus in this
study is on OBE. "OBE encourages a learner-centaretl activity-based approach to
education (Department of Education, 2003:2)."OBEars approach in an education

system where everything is defining, designing|ding, focusing and organizing on the
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things of lasting significance that we ultimatelyant every learner to demonstrate

experiences”(Spady,2008a:7).

1.10.3 National Curriculum Statement (NCS)

This statement embodies and upholds a democraionviof society and citizens that
should emerge from the South African school systBsn.means of the learning area
statements, the NCS identifies the goals, expectstand outcomes that need to be
achieved through related learning outcomes andssissnt standards. In the Revised
National Curriculum Statement (RNCS) for both then€ral Education and Training
(GET) band and Further Education and Training (FBaid, specific outcomes have

been replaced by learning outcomes.

1.10.4 Old school Curriculum (OSC)

OSC was highly structured, prescriptive and notlyaslaptable, and left little room for
education initiatives. Furthermore, the curriculwas content-based. It was also teacher—
centered, as opposed to being learner-centeredOB@refers to Nated 550 which was

teacher centered.

1.10.5 Activity-Based Instructional Approaches

These approaches place particular emphasis orsthefleveryday contexts as a starting
point, from which scientific concepts are developadd scientific ideas explored

(Ramsden, 1994:7).
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1.10.6 Learning

Like teaching, the notion of "learning” has diffleredefinitions, depending on the
particular perspective or viewpoint that is usedainber of theories have attempted to
define learning. In the didactical situation, aruemtor uses various methods and lets
learners take ownership of learning. According ® Wet (1971) (quoted by Vreken,
1980) the educator and learners in teaching anuiten respectively, achieve this by
means of applying a variety of teaching and leaymiredia. Vreken (1980: 132) aligns
himself with the work by Mackenzie, Eraut and Jo(E%70) where learning is defined

and categorized by Perlberg and O'Bryant as a dimand interactive process in which:
v" The role and experience of the learner are vitalganents in which he should
contribute, as well as receive;

v' The learner's perception of what is happening isrg®rtant as the perceptions
of his/her teacher; and

v' The assessment of whose value may be more relthaanthat of the learner's
examined.

Vreken (1980) and Mackenziet al. (1970 argue that good conventional teaching has
always sought to take account of the learner. Heweits' structure and methods have
actually greatly inhibited this. The inflexible Eyimposed by large numbers, the needs
of timetables and the availability of teaching spabe conventional practices by means
of which courses are designed; and the teachingdbagon the format of an accepted
academic discipline; have meant that the emphasidbben mainly on teaching. Once we
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accept that learning rather than teaching is thmtpof departure, we have to ask

ourselves different and searching questions.
1.10.7 Model —Based Learning

According Clement and Rea-Ramirez (2008), a maslelonsidered to be a simplified
representation of a system. An explanatory modelafosystem is a hypothesised,
theoretical, qualitative mental model (such as wulks, waves, and fields) that provides
a (usually causal) description of a hidden, noneolsble mechanism that explains how
the system works. These can enable aspects osens i.e., objects, events, or ideas
that are either complex, abstract or on a differerdle to that which is normally
perceived, to be rendered more readily visible amedthe focus here. Model- centered or
model-based learning is grounded in the theory ibatans construct “mental models”
as internal cognitive representations that suppaglanation and understanding by
simulating the behavior of systems in the real doth model-based learning, it is
assumed that learners construct explanatory merddels of phenomena in response to
particular learning tasks, by integrating piecesnéérmation about structure, function/
behavior, and causal mechanisms. Learners theandeontinuously re-evaluate their

models, discarding or revising them as needed (@& Rea-Ramirez, 2008),

1.11 ETHICAL CONSIDERATIONS

The researcher has gained the support of the sgibgremphasising the importance of
the research project and its benefits. The reseattdis required the necessary consent

from students who have participated in the studpweler, it would be to their
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disadvantage if they do not take part in the stbégause the study content forms part of

their curriculum.

1.12 PLAN OF THE STUDY

Chapter 1

The motivation of the study to be undertaken, poblistatement, aims of the study,
research objectives and formulation of hypotheselsrasearch methodology, definitions

of terms were outlined in this chapter.

Chapter 2

A literature review focusing on alternative conéeps about electricity was presented,
followed by a discussion of contemporary teachitrgitegies that could be used to

promote learning of scientific concepts in thedief electric circuits.

Chapter 3

The literature study that is presented in this tdragerves as a framework for the

empirical study. The research methodology is atsxdbed in this chapter.

Chapter 4

The results of the empirical study are presentelddisctussed in this chapter.
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Chapter 5

A summary of the study, conclusion and recommeadatthat emanated from this study

are presented in this chapter.
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CHAPTER 2

REVIEW OF RELEVANT LITERATURE

2.1 INTRODUCTION

Since early childhood students experience the aktwrld and formulate intuitive ideas
about it; these ideas often differ from acceptadraidic ideas (Shuell, 1987). No matter
how non-scientific these ideas may be, howevedesits will attempt to align what is
being taught with their own intuitive ideas (Sta&yBerkvit, 1980). In science the
intuitive ideas that differ from the scientificalfccepted meanings are called alternative

conceptions.

Periago and Bohigas (2005:71) argue that “one@hibst dynamic lines of research into
the teaching of the experimental sciences in regeats has been the study of the
alternative conceptions that students use to irgegp range of phenomena both before
and after being formally taught the subject in gjo@s. Students have always been prone
to giving wrong answers to questions asked in tlscoom and, traditionally, the

response of teachers has been to impose penaliess this happens (Periago & Bohigas,
2005:71). Nevertheless, students’ mistakes haveeasingly been viewed from a

different perspective.
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This chapter reports on the literature study infthll of alternative conceptions about
electricity and studies on electric circuits, sfieally, as well as contemporary teaching
strategies that may promote meaningful learningtas OBE, this is done, with a view
to overcome alternative conceptions using the #tema framework of activity-theory,

which in turn will give rise to a comparisons betmethe performance of students

coming from the NCS and OSC curricula.

Thus, this chapter begins by presenting the thieateperspectives that frame the
empirical study, as more fully set out in chaptereé. This is then followed by an
overview of the old school curriculum, as well & tNCS, which is based on the

theoretical tenets of OBE.

2.2 THE THEORETICAL PERSPECTIVES THAT FRAME THE

EMPRICAL STUDY

This study intended to ameliorate students’ altiévaaconceptions regarding electric
circuits by developing activity-based instructioapbroaches. In order for the researcher
to develop effective intervention a review of thHeerneeds to be conducted. The

theoretical framework for the intervention was deped out of the selected theories.

2.2.1 THE NCS AS AN OBE CURRICULUM

In this sub-section, the researcher outlines thgcbgarinciples of OBE, which is the

educational philosophy which forms the bedrockhef NCS. In doing this, the researcher
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presents constructivism as the underlying educatipsychology upon which OBE is

firmly etched.

Within educational theory and practice, construstivis concerned with the teacher’s
ability to facilitate conceptual change among tes/learners. Thus, the sub-section that
follows constructivism addresses issues regardamgeptual change. The last subsection
provides a bridge towards implementation by idgmtd the activity- theory (AT) as

linking well with OBE. In particular, the researchattempts to demonstrate in this
subsection, that activity-based instructional apph@s would be appropriate to effect

conceptual change within the educational philosaphyBE.
CONSTRUCTIVISM

It has been proven that learners come to classpeitbonally constructed knowledge and
ideas about the world (Scott, Asoko & Driver, 199Phis notion forms the basis of the
theory of constructivism. It follows that learneedternative perceptions are likely to
stand in the way of the teaching and learning med®river,et al, 1985:3). It is also

quite difficult to change learners' conceptions wbiheir knowledge before engaging
them in the intended learning experience. This ggecof changing learners' views is

referred to as conceptual change (Scott, Asoko i&eDr1992)

The study of science as a natural philosophy hasralong history (Wesi, 2001). The
major developments that took place in science duthe eighteenth and nineteenth
centuries sparked wide interest in the study adfrez and from here followed the need to

introduce it as a school subject. The introductibacience in schools became a matter of
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long and intensive debate, in particular. “One lé tssues, which had to be decided
upon, was the standardisation of the methodologh@teaching and learning of science

in schools so that there was only one uniform metsfeenquiry” (Wesi, 2001:21).

Up until 1870, science was widely taught by meahdeoture demonstrations, with
instructor performing experimental demonstrationsd asupplementing them with
information from textbooks (Trumper, 1990). It water realised that this instructional
method produced students who lacked first-handli@mty with scientific concepts and
procedures, because students were not allowed rforpeexperiments on their own
(Wesi, 2001). A discussion of this method of teaghireferred to as the transmission

model or the traditional model, is presented below.

The constructivist approach to teaching assumesetisence of students’ conceptual
schemata and active application of these respontbngnd making sense of new
situations (Trumper, 1990; Geer & Rudge, 2002). Tmportant questions, which have
aroused the interest of educators in recent times“aow does the student learn?” and
“how can we help the student to learn more effity@i These questions are of particular
significance to natural science educators becaggedl and hierarchical structures of the
natural sciences place special demands on thetoagabilities of learners (Wesi, 2001).
This relatively new theory is the essence of thelyentroduced OBE in South Africa

and is based on the following assumptions:

1) That knowledge is constructed in the mind ofldener (Collins, 2002). This implies

that the learning process involves the charactesisif the learner, his or her abilities,
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attitudes and perceptions of the world (Wesi, 200he constructivist view takes into
account differences among learners or students({pen, 1990). Each and every learner
is unique, both in terms of abilities and percemiof the world. The individual's
perception of the world is constructed as a resfuttbservations made from surroundings
and personal experiences with “the stuff of sciénchis in turn leads to the formation
of alternative conceptions. Thus, in every indiatisl mind, there are constructs of how
the world operates (Wesi, 2001). These construhgeince the way in which incoming
knowledge is interpreted and understood. It is tpossible that the same set of
information can be interpreted differently by diffat people. This point illustrates the
critical role played by individual differences iearning (Collins, 2002). In terms of
abilities, constructivism recognises the fact tihas impracticable to expect learners to

achieve success at the same rate.

The constructivist theory also recognises thatvidial’s attitudes towards certain topics
could influence their learning (Wesi, 2001). Thast#tudes are guided by beliefs; value
systems and the prior knowledge possessed by thdils. In this regard, learning takes
place best when learners feel good about the legn@isk and have positive attitudes
towards it. For this to be achieved, learners rbesked to realise the significance of the
learning task and its relevance to their everydagsl The genetic inheritance of
individuals and the context in which learning talgace also influence the learning

process.
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According to the constructivist view, learning doest take place through the
transmission of knowledge from the teacher (soutce}he learner (the receiver).
Knowledge is thus not transmitted but it is ratbenstructed by the learner (Wesi, 2001).
Learning can thus not be achieved through drillinfgrmation into learners. The role of
the teacher is also conceptualised differently. Tdaeher is not perceived as the only
source of information and knowledge but as a f@tdr of learning. His/her role is to
enable learners to access information and to gindm through the learning process.
He/she is also responsible for supporting, nurguand assessing learners to help them
improve. In this case, the teacher is not percem&dhe overall authority who is in

control of the learning process.

2) Upon entering science classrooms, it is accefitatdstudents bring with them some
prior knowledge about science (Collins, 2002). Tgrisr knowledge, which was referred
to as preconceptions in previous sections, is deatthin the mental structures of the
child. The constructivist theory asserts that thergknowledge of the child has a direct
impact on his/her learning and should not be igthofEhe assumption that students’
minds are like ‘empty vessels’ waiting to be filleith knowledge is in vast contrast to

the constructivist view of learning.

According to the constructivist theory, therefotearning is not purely a receptive
process. Instead, it is an active process whe@ests construct their own knowledge
(Collins, 2002). What matters is not what learraystract, but the construction that they

make from what is presented. They create meanorg fnformation presented to them.

27



These meanings are compared with already existimuyvledge structures. If this new
knowledge is found to be inconsistent with the &mxgs structures, the individual may
abandon and reject the new material as not malenges or he or she may decide to
memorise it for the purpose of passing examinatibnghis case no learning would have
taken place since new knowledge is not assimilettedthe person’s mental structure and
therefore, prior knowledge is still retained (WeX€01). We say that learning takes place
if, upon realising the inconsistency between the aad the prior knowledge, the student
consciously modifies his/her mental structures wathview to accommodate the
incoming knowledge. Thus the restructuring of emgststructures is crucial to the

learning process.

Science teachers are well aware that even whenetk@gin ideas slowly, carefully, and
clearly students often fail to grasp the intendeshning (Driver, 1989). Understanding
how students learn and when they tend to struggigasp intended meanings constitute
the foundation of informed teaching. To achieveusibong term understanding, multiple
connections of learning must be erected and gralumiexperience, but unfortunately
these links cannot simply be given to students vi@ri 1989). Fundamental to our
understanding of learning is that students musibatally active, selectively taking in
and attending to information; connecting and cammgathe new information to prior
knowledge in an attempt to make sense of whateiagoreceived (Driver, 1997).
However, in attempting to make sense of instrugtistudents often interpret and
sometimes modify incoming stimuli so that it is reatd fit (i.e. to connect) with what

they already believe. Consequently, students’ pkisowledge that is at odds with
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intended learning can be extremely resistant tongdaDriver, 1989). The failure of
individuals to modify their own mental structuregkains the difficulties encountered in
the teaching and learning of science. In naturecguceptions are very resistant to
instruction (Chi, 2005). Restructuring such consaptthus not an easy exercise by any
stretch of the imagination. It is the most difficaind yet the most essential aspect of
learning. Strategies of dealing with this probletii ke discussed in the section below. If
on the other hand, there is a match between themimg knowledge and the existing
knowledge, the new knowledge is understood andparated in the mental structures of
the individual. In this case, the new knowledgeni®rnalised and form part of the

individual’s mental structures.

3) That learning is a lifelong process, and itas confined to a specific period in the life
of individuals. It is a continuous process and doastake place in stages (Wesi, 2001).
Learning can take place anywhere, both inside anside of the science classroom. The
traditional way of looking at learning is that learg takes place only when information
is presented to the learner by the teacher in lHesi@om situation, or when the learner

obtains information from textbooks.

2.2.2 CONCEPTUAL CHANGE THEORY

The necessary conditions for conceptual changedaegjuilibration, assimilation and
accommodation (Piaget, 1950). If the result of aené does not fit the student’s existing
conceptions, this situation disequilibrates thedet with respect to his/her current

conception. If students can assimilate the concprgsented to them, then there is no
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disequilibration, which is the result of an unexpécevent. Therefore, teaching should

aim to disequilibrate students for conceptual cleaiiiykstra, 1992).

Science teaching should make use of a conceparakfivork which promotes conceptual
change. Over the years, different researchers heeg| different terms for conceptual
change such as weak and strong restructuring (Ca@8b), branch jumping and tree
switching (Thagard, 1992), conceptual capture amceptual exchange (Hewson &
Hewson, 1992), differentiation and reconceptuabsa{Dykstra, 1992) and enrichment

and revision (Vosniadou, 1994)

Posner, Strikes, Hewson and Gertzog (1982) and iddsn, (2007) assert that there are
two distinguishable phases of conceptual changeience. The first is based on ordinary
scientific work that is undertaken against the lgacknd of central commitments, or
paradigms. The second phase of conceptual chamgesoshen these paradigms require
modification. According to Kuhn, this leads to aesdific revolution (in Posnergt al,

1982)

Too often, educators of physics consider theimees to be "clean mental slates” and act
accordingly in order to fill their "empty vesseléCosgrove, 1985; Carl, 2008). The
problem with this approach is that the vessels raveempty but contain numerous
preconceptions. Learning cannot be a passive paakesimply absorbing knowledge,
because it includes modifying and restructuringgi® fit into one’s existing framework

(Driver, et al, 1985; Carl, 2008).0n the other hand, learners’ enailkieories or
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preconceptions may lead to misconceptions and imay interfere with the acquisition

of scientifically accepted concepts.

Posnerget al. (1982) have proposed a model of conceptual chamegerivolves a series

of conditions, namely:

(1) Learners become dissatisfied with existingralitve conceptions because the

conceptions appear useless for solving a problem.
(2) A new conception must be intelligible.
(3) A new conception must appear initially plausibl

(4) A new conception should be fruitful, have maeplanatory power and is

useful to solve problems.

Science educators (e.g., Hewson & Thorley, 1988) aliggest that the learners are the

ones who should judge whether these conditionbeireg met.

Scott et al. (1992) provide a review of strategies that can beduwith a view to
accomplish conceptual change in the science clagsrdany researchers have claimed
that conceptual change occurs through cognitivefliconn what Gilbert and Watts
(1983) call a revolutionary change process. Howes@me alternative conceptions, such
as the one in which energy is associated with hub®ngs, is not an unacceptable —
conception because it conflicts with accepted sifierconceptions (Gilbert & Watts,
1983). Rather, it is limited, and should be expaidean understanding that the principle

of conservation of energy holds for all objects.this case, researchers talk about an
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evolutionary change, which involves the facilitatiof extension in richness and

precision of meaning in terms of learners' concesti(Gilbert & Watts 1983).

Most traditional science instruction does not paffigent attention to learners’ intuitive
conceptions and explanations (Lemmer, 2011). Theltref this state of affairs is that
students often perceive science as an isolatedyaepacademic world (Kruckenberg,
2006). Their conceptions that have been formeddbaseeveryday experiences differ
from the formal knowledge gained from activitiestine science classroom. The result is
a dual epistemic in which the everyday life andesce conceptions co-exist, as
illustrated in Figure 2.1 (Lemmer & Lemmer, 201@ccordingly, students use their
intuitive knowledge in everyday life, but algoritioally apply the physics definitions
and laws in the science classroom (Lemmer, 2011)

Traditional instruction induces only small changesstudents’ intuitive ideas (Hake,
1998). Science education researchers have studadelrs’ intuitive conceptions and
with a view to determine how to foster conceptusrgge. According to Posner, Strike,
Hewson and Gertzog (1982) for conceptual chandeetsuccessful, learners have to be
dissatisfied with their current conceptions andi fine scientific ideas intelligible, fruitful
and plausible. A conception is intelligible whes meaning is understood by the student,
it is plausible when the student finds the conaepbelievable and is fruitful if it helps

the students to solve other problems (Lemmer, 2011)
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Learner’s physics Learner’s intuitive
knowledge knowledge

Formal
physical
theory

Alternative
Conception

Everyday
experience

Classroom learning
experience

Figure 2.1: Representation of dual epistemic resulting from veortional physic

learnng (Adopted from Lemmer, 2011

According to Hewson at Hewson, (1984), as well as; Carayif2a001) cited by Lemme
(20011:6), cognitiveconflict or conceptual conflict approaches generally used to
foster conceptual change. Stude dissatisfaction, i.e. thefeeling tha something is not
as good as it should lvéth their own conceptions, is established in aflecnsituation.

Students’ efforts are then directed towards reaghthis conflict (Lemmer, 2011; €
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Accordingly, Posneet al (1982)cited by Lemmer, 20011:6, argued that a possibke,

or able to be believed conception, must first leaicenough

Learner’s physics Learner’s intuitive
knowledge knowledge

Formal
physics
theory

ScienMConceptual change Alternative
conceptu conceptuali

alisation

Classroom
learning
experience

Everyday
experience

Figure 2.2: Representation of a conceptual change learningepso¢Adopted fror

Lemmer, 2011:6)

Conceptual change represelearning pathways where learners’ conceptions e
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fundamentally changed in order to allow understagadif the intended knowledge (Duit
& Treagust, 2003). Many of the conceptual changeggies, such as cognitive conflict,
intended to replace learners’ alternative conceptiwith physics concepts, as illustrated
in Figure 2.2 (Lemmer & Lemmer, 2010). However,rteas’ conceptions have been
found to be resistant to change and also theiitimtuknowledge often remains intact
(Driver, Guesne & Tiberghien, 1989). An exampleaofesistive intuitive conception is
the generally found perception that a force alwagss in the direction of motion
(Dekkers&Thijs, 1998; Halloun & Hestenes, 1985).isTltonception is evident in
learners’ explanation that the force exerted by thet when a ball is kicked, is
maintained after the ball has left the foot. Itdidficult to achieve the revolutionary
replacement of learners’ incorrect conceptions witle scientific physics concepts
(Lemmer, 2011:6). Lemmer and Lemmer (2010) prop@sednceptual refinement model
as a teaching and learning framework according lhvlearners’ productive intuitive

resources are gradually refined towards the acdegmientific concepts (Figure 2.3).
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Learner’s knowledge

Formal Theoretical
physics knowledge
theory
Formalisation
Grafted on
Scientific Refined Conceptual
conceptu concepti knowledge
on
Classroom Everyday Experiential
learning experiencs knowledge

experience

Figure 2.3: Conceptual refinement model for learning physicg(gtdd from Lemmel

2011:6)

Aspects of learners’ initial knowledge that contaleaments of the physics concept (
productive conceptual resources) are identifiedrafided (Hammer, 2000). Learners

then guided to generalise a conceptual understgrichm the similarities &d differences
in a variety of selected everyday and classroomeeapces. In this way, physi

knowledge is grafted onto the learners’ experiértiwledge as they systematica
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develop coherent conceptual knowledge. In the quoeé refinement model, conceptual
knowledge refers to the conceptual understandinghgkics that can be expressed in
relations between concepts and that can be usexgain different situations, i.e. a

conceptual explanatory model (Lemmer, 2011)

Students’ conceptual knowledge that has been baseda combination of their

experiential (everyday) and experimental (physkrs)wledge now becomes the resource
for the abstraction of their formal physics knowgedhat includes advanced explanation
and problem-solving skills, operational definitipngeneralised laws, mathematical
relations between concepts and multiple representatthereof. The conceptual

refinement model requires an adequately refinedceptual understanding before
formalisation can take place. It is important totendhat the knowledge levels

(experiential, conceptual and theoretical) aredisdretely defined nor are they stepwise;
rather, they indicate gradual growth in knowledghich does not take place linearly
(Lemmer, 2011:6). Mastering former levels enharthesearning of later ones, but later
levels also deepen the understanding or provide penspectives for the former ones

(Lemmer, 2011).

The conceptual refinement model as a teaching-legrfnamework is supported by the
studies of researchers such as Dekkers and THIg8}1lwho explained that learners use
the ‘motion-implies-force’ idea correctly in limdecontexts, namely where objects

collide, are being pushed, hit, bent or stretch€dncept refinement and context
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expansion then help learners to develop the s@ienteaning to the concept of force. In
this way dissonance is resolved before the learagperience it. Dekkers and Thijs
(1998) found that a teaching sequence designetheibdsis of concept refinement and
context expansion was more effective than a tegcheguence that utilised cognitive

conflict

2.2.3 ACTIVITY THEORY (AT)

Activity theory (AT) is a theoretical framework foanalysing human practices as
developmental processes with both individual andasdevels interlinked at the same
time (Kuutti, 1991). This framework uses ‘activigs the basic unit for studying human

practices.

AT has made significant contributions to the fieldscomputer supported collaborative
learning (Bagdker, 1997; Mwanza, 2001b; Nardi, 1996)man—computer interactions
(Kuutti, 1996), and network communication and etioca (Engestromé& Middleton,

1996), among others.

Activity, or ‘what people do’, is reflected througieople’s actions as they interact with
their environment, studying different forms of humaaxis as developmental processes,
both individual and social levels interlinked whilg the same time providing an

alternative way of viewing human thinking and aityiv
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The AT framework uses activity as the basic unit $tudying human practices and
highlights the idea that the relationship betwe®a subject and the object is not direct
but rather mediated through the use of a tool. & tan be something physical (e.g,
apparatus) or intellectual (e.g., rules and rolspldyed on handhelds). Physical tools are
used to handle or manipulate objects while intéligictools can be used to influence
behaviour in one way or another.

Vygotsky (1978) originally introduced the idea thaiman beings’ interactions with

their environment were not direct but instead waegliated through the use of tools and
signs, and this notion was developed further byntes (1981), who created a
hierarchical

model for analysing an activity. Inspired by thrabysis, Engestréom (1987) extended
Vygotsky’s original conceptualisation for the meddrelationship between the subject
and the object by introducing an expanded versidheactivity triangle model that

also incorporates Leont’ev’s concepts. Thus, Emgasbffers a general model of

human activity that reflects its collaborative maturhe model’s components, shown

in Figure 2.4, are:

(1) Object of the activity (or objective, i.e., theals and intentions),

(2) Subjects in the activity (i.e., the people &ged in it),

(3)The tools mediating the activity (anything picgs, e.g., models or heuristics used in
the transformation process),

(4) Rules and regulations (norms that circumsdiieeactivity),
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(5) Divisionof labour (e.g., actions undertaken by individwaihin the grou
versus tasks that are a group responsit

(6) Community(individuals directly or indirectly involve in thasks) an

(7) Outcomdi.e., the results and final products of the ded objectives’

Apparatus, tests

Tools
Identify the
alternative
conceptions
Students  gypject Object Outcome
Ameliorate students
alternative
conceptions
Rules Community Division of labour
Rules that apply when Classroom (students + Roles of the educator
performing experiments teacher) Roles of the students

and when writing tests
Figure 2.4: Activity-theory in the context (OBE (Adopted from Uden, 2007:8

Applying the above figure to this study, the studgsubjec) was required to wri a pre-
test (tool) before tuitionook place, in order ' identify the alernative concejons that
they have about electric circL. They were not supposed to write their names erptt-

test sheet (rules) and they were writing the test classroom (communit
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The identified alternative conceptions (object) evarcorporated in the development of
the intervention using them as the basic builditaghs for understanding. In order to
ameliorate alternative conceptions (outcome) held the students (subject), the
intervention followed the order proposed by Lemmnard Lemmer, (2005), i.e.,

progression from contextual to conceptual actigitie formal problems. The activities

were performed in groups so that co-operative lagroould take place.

In all the activities, a problem was posed whick karners (subjects) had to solve in
groups. The contextual and conceptual activitielssedl the strategies of verbalisation
(analogical explanations). In the first contextpabblem the learners (subjects) were
given a bicycle analogy. The researcher facilitatesl learning process by managing
groups and their activities. This helped to estdibtiata or, put differently, an information

structure from which the student can work.

The students (subjects) supported fellow learnges tme by guiding / assisting them
with their development as learners (discipline-#peand / or general). The researcher
facilitated the learning process (division of Igbbhe students (subjects) applied,
analysed, and/or synthesised knowledge or infoonatihrough writing. The students
(subjects) also asked questions, explaining andjugy their opinions, articulated their
reasoning and elaborated and reflected upon tihewledge. The researcher acted as a
mediator(division of labor) between the groups rdeo to help resolve disagreements

The activities were hands on because studentse@libjere performing experiments
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(rules) using apparatus (tools) with a view to duelty alleviate their alternative

conceptions (outcome).

AT is geared towards practice. It embodies a catalg approach that offers a different
lens for analysing a learning process and its eu&docusing on the activities people

are engaged in.

2.3 CURRICULUM CHANGES IN SOUTH AFRICA

This section presents a discussion of curriculuanges in South Africa; the relevance
of these to the current research is lodged in hirel bbjective of this study, which sets

out to compare the learning gains of students filterNCS and OSC curricula.

According to Edwards (2010:3), changes in the efilital system in South
Africa have been driven by constitutional imperasivand were characterised
by policy changes influenced by international pecsives and global
economic trends (OECD, 2008:75). Curriculum polityanges were followed
by an implementation phase and subsequently ressigere undertaken to
address problems that arose. Curriculum 2005 (G2@8@5 launched in 1997
and was informed by principles of OBE as the fotiotaof the post-apartheid
schools' curriculum (Chisholm, 2005:193). C2005 wessed and in 2002 the
Revised National Curriculum Statement (RNCS) becapudicy to be
implemented in 2004, and culminated in the firsadar 12 cohort to graduate
out of the NCS in 2008 (OECD, 2008:81). The Dok gtsiblished content
frameworks for each subject as well as work schesdahd subject assessment
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guidelines in response to Grades 10 to 12 teact@mnserns about the content
to be taught (Edwards, 2010). Rogan (2007:457)em,goowever, that it is not
enough to merely publish a new curriculum and asseat standards,
particularly in a developing country. Detailed atten must be given to how

things will unfold in practice.

The introduction of OBE in South Africa purporteddyought about a move
away from norm-referenced testing to criterionrefieed testing. Less
emphasis on summative assessment practices (assg¢sefmlearning) and
more formative assessment (assessment for leanwagenvisaged. In reality,
however, the final examination in Grade 12 conttgu75% of the pass
requirement in most subjects and thus represerganamative assessment.
Edwards (2010) contend that the underlying assumgtiregarding the
assessments, such as norm-referenced tests andallyoralistributed
achievement can result in misalignment with stamsidinat are targeted for all
students. A brief look at the examiners' reports<C&0, 2008a:1-2; WCED,
2008h:1-2) for the final examination in physics aftemistry highlights the

following:

» Candidates are unable to explain phenomena dyiaggrinciples;

* New work in the curriculum is poorly answered,;
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» Candidates struggle with concepts requiring higitrder reasoning to

solve problems;

» Candidates lack basic understanding (compreheysiad

» Higher-order questions that also occurred in dtee curriculum are

well answered.

The lack of emphasis on higher-order cognitivelsktould possibly lead to
teachers not preparing Grade 12 learners adequitelgxaminations. It has
emerged from the findings above that in instanckerey educators appear to be
familiar with the work from the old curriculum, tHearners are doing well.
However, it would seem that a lack of developmehteachers in the new
materials hampered the progress of learners. Tuests also performed worse
in the chemistry paper overall and a lower alignitmaedex was one possible
explanation for this. Within the knowledge area tdatand Materials in
Chemistry, there is a 5% over-representation in fthal examination. This
contains a great deal of new material based onr@rdgahemistry that learners
struggle to understand. Perhaps there is also @ toedevelop teachers in this
area, given that many of them do not have an adedackground in Organic
Chemistry (Edwards, 2010). Similar problems arags@hysics, where learners
struggle to understand electric circuits within km®wledge area Electricity and

Magnetism (Edwards, 2010)
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Grade 12 physical sciences results for the 200@rtothat were released in
January 2010 showed a high increase in the faitate of students. One
possible explanation for this was that no exemglastion papers for physical
sciences were made available in 2009. The purpbsieeoexemplar question
papers’ was to familiarise teachers and studertts the format and standard of
the NCS examinations. The final examinations of @nhd 2009, and the
exemplars of 2008 were fairly consistent acrossnitivg levels and content
areas (Edwards, 2010). What needs to be researishélde issue of test
familiarity, since other preparatory examinationsrevalso released in 2008.
Umalusi (2009:121) compared the NCS with the OSE€ @ncluded that NCS
was far more difficult in terms of breadth of camtéhan was the OSC, but was
midway between the Higher and Standard Grade lefdlse old curriculum in

terms of the levels of difficulty of the contentptos. The panel for physical
sciences also estimated that up to 35% more classtione was needed for the

NCS content compared with the OSC.

There are huge gaps inherent in the South Africauc&tion system as far as implementing

the new curriculum is concerned. Teachers deperavilgeon the published policy

documents to give direction to their teaching.dlidws that the curriculum documents
themselves should be clear and give a balancedhtimjgacross cognitive levels. If this
situation can be achieved, then teachers can haveasonable expectation that the

examination will be aligned to the curriculum cantte Alignment studies are thus
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important in order to elucidate the differencegha intended curriculum and the enacted

curriculum (Edwards, 20107-19).

2.3.1 OLD SCHOOL CURRICULUM (OSC)

Prior to the promulgation of the NCS, the schoaticulum in South Africa, referred to

in this study as the OSC, was based on the NATHDdsfsument

It was decided that the old South African educasgatem had to be revisited as the

curriculum was taken to have the following shortaoys (Rapule, 2005:62):

v' The curriculum was too structured, prescriptive a@od easily adaptable, with
little room for educational initiative;

v Traditional curriculum processes were too restderd without any stakeholder
participation in the decision making process;

v' The accent was on academic education, while gkilising remained behind;
v' A large gap existed between education in the forethlcational sectors and

training by employers;

v" Too much emphasis was placed on differentiatioiménform of a wide variety of
subjects;
v" The curriculum was content-based;

v" The curriculum was teacher-centred, as opposeditmlearner-centred.
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v Learner achievement was measured in terms of syrdmal percentages which
are often no real indication of actual performarse]
v' Learner achievement was compared to that of otharnérs which led to

excessive competition.

The topics covered in the old physical science @Eogne were;

* Vectors;

» Equations & graphs of motion

* Work, energy and power & momentum
» Electrostatics; and

* Resistance & Ohm’s Law

Students wrote examinations either in physicalra@eon higher grade or standard
grade; the above- mentioned themes were cover@aper 1, while Paper 2covered

the following themes:

» Chemical principles and their applications; and

e Organic chemistry

The changes in the educational system in Soutlt@fiave been driven by constitutional
imperatives and were characterised themselves hwyhidwind of policy changes.
Curriculum 2005 (C2005) was launched in 1997 and iméormed by the principles of
OBE as the foundation of the post-apartheid schagiculum (Chisholm, 2005). C2005
was subsequently revised, and in 2002 the RevisatiomMal Curriculum Statement
(RNCS) became policy to be implemented in 2004.Thisinated in the phasing in of

the National Curriculum Statement (NCS) Grade 12008.
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In 2008 Umalusi, which is the quality assuranceybfmat schools, needed to review its
systems, the main reason being that the first ¢affdearners following the NSC for the

National Senior Certificate (NSC) qualification hesached Grade 12 level. The first
national examinations for this new system took @lag the end of 2008. What had to be
addressed immediately was the fact that there nergstorical norms for the associated
examination results. Thus, in order to ensurentegrity of these results, Umalusi sought
to achieve a valid understanding of the quality Evels of cognitive demand of the new
curricula relative to those just superseded. Theearh was specifically designed to
provide Umalusi’'s Assessment and Statistics Coremittith succinct information on the

comparability of the NATED 550 (old school currioat) and the NCS curriculum, and
on the comparative difficulty of the examinatiossaciated with each. The intention was
that the findings of the research involving in-demurriculum evaluation and exam
papers analysis had to be used to support the newsnn 2008. The aim was that all of
this information would be used to adjudicate trendard of the NSC exam in 2008, in
relation to the standard of the previous Seniottifizate exam. The subjects included in
the research were English FAL, Geography, Life Sms, (previously Biology),

Mathematics, Mathematical Literacy, and PhysicadiSte.

Teams of four researchers evaluated the NATED Higber and Standard Grade, and
NCS curricula for each subject. They also analyskdHigher and SG examination
papers from 2005 to 2007, as well as the Augus8 Z3@mplar and final papers for their

subjects. The physical sciences, mathematics, amogrgphy teams found that
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information on amounts and levels of difficulty afntent and skill topics yielded solid
evidence of the respective overall levels of diffig of the curricula, meaning that the
three exams were not the same in terms of assessieall, three teams (physical
science, life Sciences, and mathematics) foundr tN&S curricula to be midway

between the NATED 550 Higher and Standard Gradevalgmts, in 50:50 proportions.

The overall cognitive character and difficulty lévef the final 2008 National Senior
Certificate examination papers in relation to thdigher and SG counterparts in the
years 2005-2007, and August 2008 Exemplars, wesedban total counts of items or

marks at specified cognitive type and difficultydés.

Three teams (physical sciences; life sciences;Emglish FAL) produced diverse and
fine-grained results for the respective final 2Q&pers for their subjects, but on the
whole, their findings demonstrated that the paperse closer to the NATED 550 HG
than the SG papers for the subjects. The subjapideaised the concern, again based on
accurate counts of the types and difficulty levalgems or marks in the exam papers, on
as to whether the August 2008 exemplar and finpépaallowed for learners who would
have achieved A-grades in the old HG papers teegiehi-grades in the new NSC exams

where the A-grades were comparable to the old HiGmade A’s (Umalusi, 2008).

Three Umalusi teams (English FAL,geography and ighl/sciences) found that because
the spread of types and levels of questions inréspective papers were similar, this
pattern suggested that the A’s in the 2008 NSCnsapeuld indeed be equivalent to A’s

in the NATED 550 Higher Grade papers.
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Three Umalusi teams (geography, life sciences, phgsical sciences) found the
proportions of easy items in the 2008 NSC finalgvagower than those in the average
SG papers for the subjects. The Umalusi physidahse group found that it would be
much harder for a learner at this level to pass20@8 NSC examination than it would
have been to pass the SG exam: the 2008 final egkantained an average of 23% of
easy items, while the average for the SG paperseeet 2005 and 2007 was 39%. The
papers for these subjects would clearly have beew difficult for learners at the lower

end of the achievement spectrum, and in the caBaysical Science, especially so.

Regarding the overall findings of the current studycomment can be made. First, in
terms of the levels of difficulty of the six NCS rdgula evaluated: three of these
curricula (those for life sciences; mathematics] @hysical science) are judged to be
midway between the NATED 550 Higher and Standam@b&rcurricula overall, but at the
same time had pockets of difficulty that way farcesd the difficulty levels in the

previous Higher Grade curricula.

This means that NCS students’ curriculum was qaditallenging as compared to the

NATED 550 which was content based.
2.3.2 NATIONAL CURRICULUM STATEMENT (NCS)

The general aims of the curriculum are discussetignsection in order to show the kind

of students envisaged by the curriculum.
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General aims of the South African Curriculum

According to the Curriculum and assessment poliatement (CAPS) for physical

sciences (DoE, 2011:4),

(&) The National curriculum statement Grade R-1@giexpression to the knowledge,
skills and values that are considered worthy ofrlieg in South African schools. This
curriculum further aims to ensure that childrenwaegiand apply knowledge and skills in
ways that are meaningful to their own lives. Instihegard, the curriculum promotes

knowledge in local contexts, while at the same thaimg sensitive to global imperatives.
(b) The National Curriculum Statement Grades Relres the purposes of:

» Equipping learners, irrespective of their so seetonomic background, race, gender,
physical ability or intellectual ability, with thenowledge, skills and values necessary for

self-fulfillment, and meaningful participation indety as citizens of a free country;

* Providing access to higher education;

* Facilitating the transition of learners from edtion institutions to the workplace; and
* Providing employers with a sufficient profile aflearner’'s competences.

(c) The National Curriculum Statement Grades Rsl2aised on the following principles:

» Social transformation: ensuring that the educatioimbalances of the past are
redressed, and that equal educational opporturatiesprovided for all sections of the

population;
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» Active and critical learning: encouraging an aetand critical approach to learning,

rather than rote and uncritical learning of givenhs;

* High knowledge and high skills: the minimum stards of knowledge and skills to be

achieved at each grade are specified and setdpievable standards in all subjects;

» Progression: content and context of each gra@evsiprogression from simple to

complex;

* Human rights, inclusivity, environmental and sdqgustice: infusing the principles and
practices of social and environmental justice anundin rights as defined in the
Constitution of the Republic of South Africa. Thathdnal Curriculum Statement Grades
R-12 is sensitive to issues of diversity such agepy, inequality, race, gender, language,

age, disability and other factors;

* Valuing indigenous knowledge systems: acknowledghe rich history and heritage of
this country as important contributors to nurturitige values contained in the

constitution; and

* Credibility, quality and efficiency: providing aducation that is comparable in quality,

breadth and depth to those of other countries.

(d) The National Curriculum Statement Grades R-4hZ&sao produce learners who will

be able to:
* Identify and solve problems and make decisiomsgueritical and creative thinking;

» Work effectively as individuals and with othessraembers of a team;
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* Organize and manage themselves and their aeswiéisponsibly and effectively;
* Collect, analyse, organise and critically evatuatormation;

» Communicate effectively using visual, symbolicdaor language skills in various

modes;

* Use science and technology effectively and @ifycshowing responsibility towards the

environment and the health of others; and

* Demonstrate an understanding of the world ag afseelated systems by recognising

that problem solving contexts do not exist in ifola

(e) Inclusivity should become a central part of tinganisation, planning and teaching at
each school. This can only happen if all teachexsela sound understanding of how to

recognise and address barriers to learning, andib@lan for diversity.

Content and context in the NCS.

The contexts from which learning experiences, agkhe gathering of information and
the processing of it in tables and graphs, aregdesdi play an essential role in the
teaching and learning process. They are not tdvdneght of as simply science activities
that form part of the learning process, but ratieea translation from their context that is
redirected in order to solve daily problems. Thateat standards of the curriculum

should illustrate important features such as emplmsmajor ideas, links to meaningful
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experiences, concepts, applications and geneinalizatthat are developmental®

appropriate for the learner (Guntdral, 1991:43).

South African Grade 12 learners wrote their Natic®@enior Certificate (NSC)
examination based on the outcomes-based educ&@BB)(system for the first
time in November 2008. This was also the first titmat a nationally set public
examination was written in all subjects. Only 62.5%0all the candidates
obtained their NSC at the first attempt, while thsults of the 2009 cohort of
learners showed a decline to 60.6% (DoBE, 2010P1is decline is indeed a
cause for concern, because the new curriculum Bes besigned to embody
the values, knowledge and skills envisaged in tbestitution of the new
democratic South Africa. It provides learners wiltle opportunity to perform
at the maximum level of their potential and focusms high levels of
knowledge and skills, while promoting positive weduand attitudes (DoE,

2008a:2).

The introduction of OBE in South Africa was intedde redress the legacy of
apartheid by promoting the development of skillsotighout the school-
leaving population in order to prepare South Afgacavorkforce for
participation in an increasingly competitive glolkeabnomy (Le Grange, 2007:
79). The move towards standards-based assessnatices internationally
has been incorporated into the OBE system in Séditita, with learning

outcomes and assessment standards being speafiexh¢h school subject.
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The adoption of a radical change of policy on thericulum was, however,
contested and underwent a review in 2000. The sumarriculum for Grades
R to 9 is a revised version that has been in plsicee 2002 (OECD,
2008:131). The new curriculum for Grades 10 to B&wnplemented in 2006

and culminated in the NSC examination in 2008.

This curriculum emphasized the notion of outcome=arning outcome is a
statement of an intended result of learning andchieg. It describes
knowledge, skills and values that learners shoalguime by the end of the
Further Education and Training band (Grades 1®)o Assessment standards,
in turn, are criteria that collectively describeatla learner should know and be
able to demonstrate at the end of a specific gr@deh standards embody the
knowledge, skills and values required in order whieve the learning
outcomes. Assessment standards in the context df Emrning outcome
collectively show how conceptual progression occiosn grade to grade

(DOE, 2003:7).

The physical sciences subject area has been diwdedix knowledge areas
consisting of physics and chemistry componentsafrndese is an integrated
knowledge area spanning both components. Approgimdorty-five percent

(45%) of the Grade 12 learners who wrote the playsgciences NSC
examination in 2008 did not achieve the requiresspavel (DoE, 2008a: 13).

This figure has increased to 63.2% in 2009 (DoB®E,®249). This presents a
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huge challenge to all science teachers in the cpuynarticularly if we are to
reach adequate levels of scientific literacy in tBoAfrica. To exacerbate t
situation, the performance of South Africa’'s Gr8dearners in both the 1999
and 2003 Trends in International Mathematics andrge Study (TIMSS) was
disappointing (Edwards, 2010). The TIMSS study stmthat learners attained
the lowest average test scores in both mathematidsscience from all other
participating countries. The poor performance odd&r 12 learners in science
is perhaps not surprising if viewed against the 3B study. These
international comparison studies have played amnmaje in identifying critical
factors impacting on student achievement and haw&ibuted to some extent
to the current standards-based science educatiorms in the United States
and many other countries (Liu, Zhang, Liang, Fulm&im & Yuan,

2009:780).

In an era of accountability together with the ptinfor schools to receive
actual monetary rewards for good achievements ithenaatics and science,
exit examinations that are not aligned to the assest standards of the
curriculum could have serious consequences forast{&dwards, 2010). The
learners could be assigned marks that are notatdecof their true abilities, or
instruction may be misguided when inferences assvdrabout the extent to
which learners have mastered the standards wheteshénas not adequately
covered the content standards (leual, 2009:780). Glatthorn (1999:27) has

argued for the reconciliation between advocatesdisgknters of alignment to
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see it as a tool that should be used wisely inrm& f high-stakes testing by

making it teacher-friendly and teacher-directed.
Curriculum analysis.

The outlined learning outcomes (LO) of physicaleace (Department of Education,

2003:13-14) are:

LO 1-Practical science inquiry and problem solvskgls.

LO 2-Construction and application of scientifichaological knowledge.

LO 3-Science, society and environmental issues.

Assessment standards for each learning outcomalsuestated in the NCS (Department

of Education, 2003). Below are some examples thatgaven: Assessment standards

(AS) for LO 1 are:

> Conducting an investigation.

> Interpreting data to draw a conclusion.

> Solving problems.

> Communicating and presenting data and scierarfjciments.

Assessment standards (AS) for LO 2 are:

> Recalling and stating specified concepts.

> Indicating and explaining relationships.
> Applying scientific knowledge.

57



Assessment standards for LO 3 are:

> Evaluating knowledge claims and science's ingttihi stand in isolation from other

fields.
> Evaluating the impact of science on human deveéop.
> Evaluating the impact of science on environmearal sustainable development.

These assessment standards provide guidelines$ogning and planning activities for
learning experiences that promote effective teagbinconcepts such as energy and the
conservation of energy in mechanics for grade 102dearners in the context of OBE

(Department of Education, 2003).

The new curriculum for South Africa through thenoiple of OBE, confirms the
assumption that teaching and learning involve atdtons between new conceptions and
pre-knowledge. As stated by Trumper (1991:2-6) rsicuium has to be considered as a
process in which learners are actively involvedanstructing a view of the world closer
to the scientific views. This view relates to thienpiple of progression stated in the NCS

(Department of Education, 2003).

Specific aims of physical sciences

The purpose of physical sciences is to make lesraeare of their environment and to
equip them with appropriate investigating skilldateng to physical and chemical
phenomena, for example, lightning and solubilityo) 2011:8). Examples of some of

the skills that are relevant for the study of pbgkisciences are classifying,
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communicating, measuring, designing an investigati@rawing and evaluating
conclusions, formulating models, hypothesisingntdging and controlling variables,
and inferring, observing and comparing, interpigtipredicting, problem-solving and
reflective skills. Physical sciences promotes kmalge and skills in scientific inquiry
and problem solving; the construction and applicatof scientific and technological
knowledge; as well as an understanding of the eatfiiscience and its relationships to

technology, society and the environment.

Physical sciences, furthermore, prepare learnarsutare learning, specialist learning,
employment, citizenship, holistic development, eemtonomic development, and
environmental management. Learners choosing pHysigences as a subject in Grades
10-12, including those with barriers to learningndave improved access to: academic
courses in Higher Education; professional caretigpeelated to applied science courses
and vocational career paths. Physical sciencesgiancreasingly important role in the
lives of all South Africans owing to the influenad this field on scientific and
technological development, which is necessary Mier ¢country’s economic growth and

the social wellbeing of its people.

In South Africa the NCS for physical sciences {&s 10-12) has been

divided into six core knowledge areas:

» Two with a chemistry focus - Systems; Change;
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» Three with a physics focus - Mechanics; Wavegyn8oand Light;

Electricity and Magnetism; and

* One with an integrated focus - Matter and Materi@oE, 2003:11).\

Green and Naidoo (2006:79) are cited by Edward4d(R0they studied the

content of the Physical Sciences NCS and found that

* It reconceptualises valid science knowledge.

* It values the academic, utilitarian and soci@erestructionist purpose

of science.

* It is based on a range of competences, from tbe&eognitive level

through to the simple level.

» There is a shift to greater competence complenithe field, and thus

to correspondingly higher expectations for teachertlearners.

2.3.3 OSC VERSUS NCS

Olivier (2002: 99) provides a comparison between @SC and the NCS in the following

table.
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Table 2: Comparison between OSC and NCS approaches

0osC

NCS

Passive learners

Active learners

Examination-driven

On-going assessment-driven

Rote-learning (parrot fashion)

Critical thinkingipdanation, reflection and action

Syllabus/ curriculum is content-based &g

broken down into subjects

ridtegration of knowledge and learning relevant

connected to real-life situations

Teacher-centred and textbook

worksheet focused

drearner-centred with the teacher as a facilitatodigg

group work / teamwork

Syllabus/ curriculum is rigid and nol

negotiable

teachers to be innovative and creative

Teachers are responsible for learning

learner motivation dependent on t

teacher

ittearners take responsibility, motivated by cons

hieedback and affirmation of their worth

and

ndLearning programmes are seen as guides that allow

ant

Emphasis on what the teacher hopeg

achieve

Eanphasis on what the learner achieves and unddss|

tan

Rigid time-frames

Flexible time-frames, allowinguteers to work at the

own pace
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From the above table, it can be gleaned that &gtbased instructional approaches fall

within the pedagogic aegis of OBE

2.4 GENERAL OVERVIEW OF ALTERNATIVE CONCEPTIONS

A literature review of alternative conceptions iegented below. This section begins
with an explanation of how alternative conceptians formed, as well as the origins of
such conceptions. A discussion on the histori@aletbpment of electricity is then

presented in order to illustrate the complex natfrecience concepts, which enhances

the culture of alternative conceptions.
2.4.1 FORMATION OF ALTERNATIVE CONCEPTIONS

It is common practice in the scientific community drrive at general agreements as to
what a particular concept means (Wesi, 2001). Ttageements are based on valid
investigations and reliable theoretical reasonamy] may take the form of an imposed
definition or a generally accepted reasoning (W2601:8). Thijis and Van der Berg
(1995:326) found that most conceptions held by esttal in completely different
environments and cultural backgrounds were simitaplying that culture and different
man-made aspects of the environment have limitBdeince on students’ formation of
concepts in physics. The patterns of concept faomah science parallel their historic
development and have quality of universality. Tiluence of culture on concept
formation may manifest itself only in remediatiomnasegies aimed at reducing existing
alternative conceptions, but not necessarily onfthmation of alternative conceptions

(Thijis& Van der Berg, 1995:325)
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It is generally believed that alternative concemi@re constructed through a process of
interaction between the student’s cognitive systmd his/ her physical and social
environment (Driver, 1989). As they grow up, studenake observations of the world in
which they find themselves. These observationganeralised and are used to see them
through the world- to understand and explain wiegdpens around them and to adapt to
their environment (Wesi, 2001). Such observati@ssilt in the information of students’
own understanding and ideas about what they seleein surroundings and what they
learn about in science classrooms. According toiVi2@01), students will also have

their own ideas and impressions about what thew leescience.

2.4.2 SYNONYMS FOR ALTERNATIVE CONCEPTIONS

According to Wesi (2001), one of the most commounsed synonym for alternative
conceptions is preconceptions. Students’ concepti@me often referred to as
preconceptions since they are notions and contedsprior to systematic instruction or
teaching of a new topic. Preconceptions may notagwbe irrational but may lack
systemisation and correct explanation (Wesi, 2001Rreconceptions are sometimes
referred to as intuitive, pre-instructional conéeps, or spontaneous knowledge. The use
of other terms, such as naive ideas, students’sidewsl alternative frameworks is

common in the literature.
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The other term commonly used to refer to studeotsiceptions is ‘misconceptions
(Wesi, 2001:9). Researchers such as Collins (280&)Trumper (1990) have, however,
criticised the use of this term on the basis thas$ rather judgmental and implies that
prior knowledge of students is always unfoundedienadional. However, it is interesting
to note that there are striking similarities betwegudents’ conceptions and difficulties
encountered in the historical development of plsysfevesi, 2001:9).For example,
Aristotle’s view of falling bodies that a heavieody will fall faster than a lighter body
was considered a scientific fact by ancient Grebksconceptions may arise in students’
minds because of incorrect teaching or becausenobriectly assimilated formal

instruction.

2.4.3 ORIGINS OF ALTERNATIVE CONCEPTIONS

Alternative conceptions can haunt students’ scideaening until they feel that these
have been properly confronted and overcome. Theuskéson in the paragraphs below
reflects the notion that alternative conceptions cdaginate from everyday experiences,

terminology, teaching, and textbooks.

2.4.3.1 Everyday experiences

Preconceived notions or preconceptions of the ahtworld are often popular

conceptions rooted in everyday experiences. Fomphg students observing a moving
object slowing down (decelerating) may mistakerdlidve that the force responsible for
the motion is getting used up (Roberts, 2000). Saitérnative conceptions are very

common because they are rooted in the commonasityaaf young children, namely
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unstructured play. When children are exploring rtiseirroundings, they will naturally
attempt to explain some of the phenomena that émepunter in their own terms and
share their explanations. When children arrive at iacorrect assumption, this

preconception could then amount to an alternatveeption.

2.4.3.2 Terminology

Vernacular- based alternative conceptions can senduished from factual alternative
conceptions (Clement, 1987). Vernacular-based raltee conceptions arise from the
use of words that mean one thing in everyday lifd another in the scientific context.
For example, the term work in the physics classroef@rs to the result of multiplying a
force measured in Newton by the straight-line distamoved in meters in the direction
of the force. The introduction of the definition @fork in a physics classroom
consequently presents many challenges to the te@Chlement, 1987). Similarly, power
(change in energy per unit time), as a scientificoept, is an example of a concept with
different meanings in and out of the science ctamsr Ordinarily, students perceive the
terms energy and power as the same thing becauseimeveryday usage these two

concepts are regarded as the same (Driver, 1989).

These examples illustrate that a mismatch may oeetween the scientific meaning of
terms and their everyday usage. These mismatcloeddsbe attended to before effective

learning can take place (Clement, 1987).
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2.4.3.3 Teaching

Conceptual misunderstanding arises when studeattaaght scientific information in a
manner that does not encourage them to settle agwitore disequilibrium they may
experience. In order to deal with the confusiondents construct a weak understanding
and consequently are very insecure about constfectecepts. An example of this is the
very commonly found “force as a property of an objmisconception” (Brown, 1977).
Forces are dependent upon and related to objettarbunot properties of them, yet

students continually perceive that forces arenstd to objects.

Furthermore, alternative conceptions can resultnfrdeficiencies of curricula and
methodologies that do not provide the students withable experiences to properly
understand the new concepts. Thus, alternativeeptions would only rarely result from
a lack of explanation abilities that are necessargssimilate the new concept (Brown,

1997).

2.4.3.4 Cultural beliefs and religion

A study done by Imenda (2005b) revealed the presehalternative conceptions based
on religious and cultural beliefs. This is believiedbe the case, because learning is
influenced not only by the cognitive elements @frfeng, but also by the socio-cultural

contexts. Consequently, the study found out thatrative conceptions due to students’
spiritual and cultural beliefs posed very difficahallenges for teachers. For instance,

Imenda (2005b) asks the moral and philosophicastipre as to whether or not teachers
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have a moral obligation to change their studeniucal and religious beliefs in order to
align them with modern scientific thinking. In SbuAfrican schools, educators are not
allowed to talk on issues of religion in their desoms. Because formal schooling is
based on logic and scientific rationality, religsoeducation, in principle, is seen as being
incompatible with formal schooling (Coetzee, 20@3:R is, however, extremely
important that research, that embraces African esmland cultures should be, is
undertaken in order to determine the influence luésé factors in inhibiting the

formulation of espoused scientific knowledge (Ime&Muyangwa, 2006).

2.4.3.5 Textbhooks

In an educational system, textbooks act as a darhinesource. They influence teachers’
practices and are an invaluable resource. Howewéh inappropriate definitions,
textbooks may lead to alternative conceptions (8a8gGreenhowe, 1999). According
to Jones and Childers (1992), when investigategtetlare phrases like ‘capacitor is a
device for storing charge’ in some textbooks. Thay cause students to think that ‘there
is a net charge on a parallel plate capacitor whisncharged'. Capacitance is the ability
of component to store charge. However, this camimizteading unless it is explained
clearly (Baser & Geban, 2007). The total chargellaimes on a parallel plate capacitor
is zero; when it is charged, it holds equal amoohigositive and negative charges (Ellse

& Honeywill,2001:22). Another challenge in this egd is sound: sound is one of the
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physics themes that include concepts that cannoticelised by the students (e.g.:

wave) and are difficult to describe in textbooks.

Indeed, there is some evidence that textbooksstitions may reinforce or induce

alternative conceptions in students’ mind (Sang&sr&enhowe, 1999).

This is unfortunate as South African secondary sclkeducators depend on textbooks.

Textbooks can mislead students because of poanwand /or poor editing.

2.4.3.6 Metaphoric use of terms

Terms such as charge, power, current, energy arthgeo are commonly used
synonymously in daily language (Pardah al., 2001) and therefore compound the

problem of how to explain these in textbooks.

2.5 HISTORICAL DEVELOPMENT OF CONCEPTS IN ELECTRICI TY

A section on the historical development of concéptslectricity is presented in order to
illustrate the complex nature of the attendantrsmeconcepts, which will likely help to

explain the culture and incidence of alternativecaptions.

From an educational point of view, the historicalelopment of concepts in electricity is
significant in the sense that many of the naiveceptions that students with them to
their classrooms were in the past, part of theemitb body of scientific knowledge. For

example, Plato (427-347BC) held a belief that tbenan eye emitted light; Aristotle
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believed that heavier objects fell faster thantligies. Knowledge of such historical facts
by educators will enable them to deal more effetyiwith problems associated with
students’ alternative conceptions (Wesi, 2001).Kledge of history gives the learner
some sense, not only of what we now know, but adsen we came to know it, and how
we came to know it and also that in future this change. Thus, knowledge of relevant
sections of history will empower the student toalep independence of thought, thereby

instilling confidence on his/her and stimulate Inés/interest in science.

Below, the core concepts in electricity at secopdahool are identified and discussed.
The discussion will follow the historical episterogical line of developments;

emphasising the areas and concepts with which stsidand educators generally
experience difficulties, and aspects that are contynmisunderstood. Core concepts
from areas on electrostatics, electric current aelettric circuits are dealt with. The
discussion of these concepts begins with electiostasince the earliest work in

electricity was on electrostatics, and since cotsépelectrostatics form the bedrock of

theories in electricity.

The study of electricity is divided in two main 8eons, namely electrostatics and
electrodynamics. Electrostatics is a study of phegma associated with charges at rest
(Cutnell & Johnson, 1998) while electrodynamics Ideéth phenomena related to

moving charges.

A charge is one of the most fundamental quantdfeslectricity. It is associated with the
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atomic and subatomic particles of matters, namlelgt®ns and protons.
2.5.1 CHARGE
2.5.1.1 Historical development of the charge

According to Cajori, 1914: 8), “the developmenttlé concept of charge started about
600 BC when Thales of Miletus (640-546 BC), firdiserved that when amber was
rubbed with fur, it attracted dust particles”. @itb showed that most non metal
substances attracted small pieces of dust and paper rubbed with cloth. He was the
first scientist to use the term electric force ahekctric attraction. Gilbert used the term
electrics to refer to substances which acted in same wawnalser did. Substances

showing no sign of electrification were said todbectrically neutral (Cajori, 1914:43)

Du Fay (1698-1739) propounded forth several theot® explain the experimental

observation of electrical phenomena. These ardéypagplained.

Two-fluid theory

The concept of electrification was explained by & Francois de Cisternay Du Fay
(1698-1739) as follows: Assuming that there were &hectrical fluids; these fluids were
considered to be weightless and could be sepabgtéittion, and neutralised each other
when they combined. Positive electrification waysidered to be the result of addition
of the positive fluid, and negative electrification the addition of the negative fluid. A
neutral body was considered to contain equal ansoahfositive and negative fluids

(Cajori, 1914).
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One-fluid theory

In 1752, Benjamin Franklin (1706-1790) postulated éxistence of only one electrical
fluid, which he called positive electricity. Accand to Benjamin Franklin, positive
electrification results from the addition of theuil to a body, while negative

electrification results from the removal of theifldrom a neutral body.

The theory and practical application of electriciyas well developed before the
fundamental charge carrier, the electron, was #menl. The discoveries of Christian
Oersted (1777-1831) in 1819 and Michael Farada9X11867) in 1831 led to the large
scale generation of electricity using coal, oilmter powered stations, and to the use of
electric current to run electric motors in 1897.1897, Joseph John Thomson (1856-
1940) discovered an electrical entity later callbd electron: he described most of its
properties. This discovery led to the explanatibrelectricity in terms of the nature of

atoms.

In 1906, Robert Millikan (1868-1953) determined thagnitude of the electronic charge
to be -1.6 x 18° C (Mendehallet al, 1956:444). In terms of Millikan’s findings, an
electron was regarded as the most elementary chAtgihe secondary school level,
nowadays an electron is considered to be the mesteatary charge carrier property

associated with an electron.
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2.5.2 Electric force

There are four fundamental forces in nature, nargedyitational force, electromagnetic
force, weak nuclear force and strong nuclear fdPtgsicists are constantly trying to find
a theory that will unify all these forces. The @&lemagnetic forces can be seen as a
unification of the magnetic force and electric f8c Magnetic and electric forces are
related since moving charges (current) gives nos& tagnetic field. The electric and the

magnetic forces are treated as separate forceb@bls
2.5.3 ELECTRIC FIELD

In 1838, Michael Faraday (1791-1867) described tim@raction of charges over an
intervening space in terms of a field surrounditecteic charges rather than a charge

interacting over large distance, as Coulomb dicb(has, 1991:60).

2.5.4 ELECTRODYNAMICS

Electricity involves a great deal more than jusarges at rest. In this section | briefly

address charges in motion.

Investigations into electricity, since the time ahcient Greece, were confined to
electrostatics until about 1790, when the studgwfent began (Cajori, 1914:117). Du
Fay and Gray made the first discovery of electtioent in 1729 by showing that static

electric charges could be carried from one bodyrtather by means of substances called
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conductors. Faraday discovered electromagneticctimiy which made the large scale

production of current a possibility (Mendehatlal, 1956:352).
Animal electricity

In 1780, Luigi Galvani (1737-1793), while dissegtia frog, found that he could make
the muscle of the dead frog twitch (i.e., make elgmovement) by touching the main
nerve of the frog’'s leg with a dissecting knife asdme other metal instrument
simultaneously. Galvani explained this effect amicg from the muscle nerve system.
He referred to this effect as animal electricityefMerhallet al, 1956). At the time, an

understanding of animal electricity did not exksit it is certainly true that small currents

of electricity perform various tasks in the humgsatem.
Voltaic pile

Volta (1757-1827), upon observing the effect of dmemal electricity argued that a frog
was not necessary for such an experiment and thiatitar effect could be shown using
suitable metals separated by a damp cloth contaiaisalt solution (Mendenhadt al,
1965:353). Volta continued experimenting along ¢héses and in 1800 he produced
what was called voltaic pile which consisted ofczand silver separated by paper sheet
soaked in salt water. Placing one hand on the igpahd the other on the bottom disc of
the voltaic pile, a small electric shock was feHter, instead of using a paper soaked in
salt water, a cup containing salt water was useltla® two metal rods (zinc and copper)
were inserted into the cup. This was the firstdsgitind it could give rise to continuous

or direct current. The invention and developmentbatteries provided sources of
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continuous electric current. This was a major btteakigh, as previously only small
pulses of electric current could be acquired frolecteostatically charged objects.

Batteries were soon used to study phenomena asswbevédh electric current.
2.5.5 ELECTRIC CURRENT

When the ends of a conductor are connected adnes®tminals of the battery, charges
are propelled from one end of the conductor todter by the electric field that exists
within the conductor (Cutnell & Johnson, 1998). Tietd lines originate at the positive
terminal and end at the negative terminal of th#eba Electric current is a physical
guantity whose magnitude depends on the rate wisflaf charges. The greater the charge

floating through a given point in a conductor, luger the current.

2.5.6 CONVENTIONAL CURRENT

According to Wesi (2001:83), “there are three tympésmodels in physics used by
scientists to explain, describe and predict phematheThe first type relates to real
existing entities; the second is concerned withoflygtical entities that may or may not
exist; and the third type of models is mostly integl from history and is widely

established by a long period of usage. Conventionaent is one such model (third
type). Its origin can be traced back historicatiytthe fluid theories of electricity by Du

Fay and Franklin. The conventional current modetegarded as the flow of positive
charges in a conductor from the positive termirfah @ource through the circuit to the

negative terminal of the source (Cutnell & Johnsk998).
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The conventional current model describes the tearsdfenergy in circuits quantitatively.
No knowledge of the microscopic nature of condwgtparticles is required in the
description of energy transfer in circuits and uliefj the concept emf, potential
difference, resistance and current. The conventionarent theory enables the
explanation of energy transfer in circuits in thammer consistent with description of

energy transfer in electrostatics and in other ¢inas of physics.

There is a reason why the current model, whichteel#o real existing entities, is not
suitable for describing energy transfer. For examnpbnsider the movement of charge
carriers at microscopic level in a simple circuinsisting of a battery connected to a
florescent lamp by means of copper wire. The ebestin a copper wire move from the
negative terminal of the battery to the positiveri@al. In a fluorescent tube and in a
battery, the positive and negative ions move inogfp directions. This situation makes
it very difficult to precisely determine the diremt in which current is flowing if real

charge carriers are to be considered. Describiaglitection of the flow of current by

means of electron flow will lead to complicationsdadoes not fully describe what takes
place in the circuit (Wesi,2001). The advantage@sihg the conventional current model
is that it enables an unambiguous description efdinection of the force acting on the
current carrying wire in magnetic field, and theedtion of the magnetic field around

current carrying conductors.
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2.5.7 Battery

Figure 2.5: Battery

When two oppositely charged objects are joined l®ams of conducting substances, a
current is produced as a charge flowing from oneatlio the other. This current only
lasts for a while. For an electric current to seaveseful purpose, it must be produced in
large quantities and should last longer. The fldwelarge through conductors is due to
the electric force exerted on the charges by tbetrt field. Electric potential difference
must be maintained across the ends of the condueteaning that excess negative
charges must be continuously supplied at one engrimciple, this could be achieved by
continuous rubbing, possibly using machines. Irt, faatil 1800, electricity was only

produced by means of rubbing.

However, the battery continuously supplies eneogthe charges so that they can move
through conductors. This energy is supplied by mamimg a potential difference

between the ends of a conductor.
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The potential energy of charge: the positive terminal of the batterg,the electric fiel,
iIs higher than at the native terminal. When charges reach the other endhe
conductor, energy is transferred to the condudMiren the charges reach the other
of the conductor, this potential energy is incréaagain when passing inside tcell

from the negative to thgositive terminal (Cutne &Johnson, 1998).

Electric circuits

Q%

Figure 2.6: A basic electric circu

In a basic electric circuithe voltage (V) source drives a currentdipund the circuit,
delivering electrical energy into the resisR. From the resistor, the current returns to

source, thusompleting the circui

An electric circuit is an interconnection of eléctcomponents such that electric cha

is made to flow along a closed path (a circuityally to perform some useftask.

The components in an electric circuit can take manms, which can include elemet
such as resistorg;apacitor, switches, transformers arglectronic. circuits contain
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active components, usually semiconductors, ancc&jlyi exhibit non-linear behaviour,
requiring complex analysis. The simplest electomponents are those that are termed
passive and linear: while they may temporarilystemergy, they contain no sources of it,

and exhibit linear responses to stimuli.

The resistor is perhaps the simplest of passivaiitielement. As its name suggests, it
resists the current through it, dissipating its rgpeas heat. The resistance is a
consequence of the motion of charge through a aioduln metals, for example,

resistance is primarily due to collisions betwekstteons and ions. Ohm's law is a basic
law of circuit theory, stating that the current giag through a resistance is directly
proportional to the potential difference acrosdite resistance of most materials remains
relatively constant over a range of temperatured eurrents; materials under these
conditions are known as 'ohmic'. The ohm, the ohiesistance, was named in honour of
Georg Ohm, and is symbolised by the Greek l€&e©neQ is the resistance that will

produce a potential difference of one volt in resg®to a current of one ampere.

The capacitor is a device capable of storing chagd thereby storing electrical energy
in the resulting field. Conceptually, it consiststeo conducting plates separated by a
thin insulating layer. In practice, thin metal ®iare coiled together, increasing the
surface area per unit volume and therefore theoti@pae. The unit of capacitance is the
farad, named after Michael Faraday, and given yn&sl F: one farad is the capacitance
that develops a potential difference of one volewlt stores a charge of one coulomb. A

capacitor connected to a voltage supply initialpuges a current as it accumulates
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charge. This current will, however, decay overtiage the capacitor fills, eventually

falling to zero.

The inductor is a conductor, usually a coil of winat stores energy in a magnetic field in
response to the current through it. When the ctrcbanges, the magnetic field also
changes, inducing a voltage between the ends ofdhductor. The induced voltage is
proportional to the time rate of change of the entr The constant of proportionality is
termed the inductance. The unit of inductance eshénry, named after Joseph Henry, a
contemporary of Faraday. One henry is the induetathat will induce a potential
difference of one volt if the current through itaciges at a rate of one ampere per second.
The inductor's behaviour is in some regards coeviershat of the capacitor: it will freely

allow an unchanging current, but opposes a raidinging one.

Alternative conceptions are very stable and, sitreglitional instruction does not
encourage meaningful learning, it is not easy tdress them with such an approach
(Clement, 1993).White (1992) reported that traddilo instruction (transfer of
knowledge) is ineffective on correcting alternatisenceptions and does not result in
meaningful learning. However, Coetzee (2008) fobath the traditional and OBE-based
instructional approaches to be effective in addngssstudents’ pre-conceptions.
Changing alternative conceptions does not simplammadding new information to an
individual's mind: rather care should be taken twaunt for conceptual interaction
between the new and existing knowledge providetttieanew may be replaced with the

existing (Novak, 2002).
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Ohm'’s law

The first systematic investigations of the effettpotential difference on the current
through a conductor were made by George Simon Ali&7¢1854). He formulated the
result of his findings into a law called by his rerthe current between any two points in
a conductor is proportional to the potential défece between the two points provided

the temperature remains constanto(\).

The significance of Ohm’s law is that it predictsat under physical condition, the
resistance of a conductor is independent of thentia difference across it and the
current through it. The physical conditions refdrte include temperature and tension of
conductors. Other factors such as bonding and chauige shape of conductors can also

significantly influence its resistance.
Resistance

The resistance of the conductor is defined as thmber of volts needed to drive one
ampere of current through the conductor (Cutnellafanson, 1998). A conductor has a
resistance of 1 ohm if it passes a current of leaamphen a potential difference of 1 volt

is maintained between its ends.

According to Johnstone and Mughol (1978:47), tigaificance of defining the resistance
is to enable scientists to determine the voltagg thust be supplied across a specific
conductor to enable a specific amount of currerftaw,-thus enabling them to describe

energy transfer from the source to the appliancdisa circuit.

80



Emf and potential difference

Cells supply energy to charges that move througim ian electric circuit. Emf is a

measure of the quantity of electric energy that lsarsupplied per coulomb of charge.
Emf is measured in volts just like potential difece. Potential difference is however
associated with the energy drop experienced by eaaltomb of charge when passing
through a component in a circuit, while emf is &ssted with the total energy gained by

each coulomb of charge passing through the celin@iu&Johnson,1998).

Historically, it was believed that a certain kindfarce is responsible for pushing charge
through the cell or battery. This force was refén@ as the electromotive force (emf). It
was later found that the concept of electromotimed is not descriptive of the actual
situation and was discarded. However the usedeofeitim emf was retained, and the term
refers to the total amount of energy supplied te coulomb of charge passing through
the cell. Potential difference refers to the enesgg coulomb of charge, when passing
through a current element (appliance), can trartsféhat element. The concept of emf
and potential difference are defined to allow fog@antitative description of energy

transfer in a circuit.

Internal resistance

Batteries or cells also offer resistance to thevftd current through them. When a cell
supplies current, charges flow through the entireut simultaneously, and thus also in

the cell itself. It is therefore logical that thieacge carriers will also experience resistance
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inside the cell due to collision. This resistansecalled internal resistance of the cell.
Energy is therefore also used in the cell to ménedharge in the cell. Not all the energy
of a cell is therefore available for conversiorthie external circuit(Cutnell & Johnson,

1998).

2.6. ALTERNTIVE CONCEPTIONS ABOUT ELECTRIC CIRCUITS

Electricity is one area of science where many aétve conceptions exist. In view of the
problem posed by alternative conceptions in legr®ilectricity a number of researchers
have focused on identifying these alternative cphioas, so that remedial strategies to

address them can be attempted (Wesi, 1997:46).

Students’ understanding of the concepts in eleatifcuits before and even after
traditional instruction often differs from sciemtif meanings (Brown, 1977). Some
students reveal an idea of the battery being likeuatain where only one terminal is
needed to produce current. This view has been lactteported amongst students at

various educational levels (Cohen, Eylon & Garié3).

The notion reflects the idea that batteries agetet power sources from which current
flows, as water flows from a fountain, and that tireuit does not need to be closed for
current to flow through it (Cohert al., 1983). Cohenet al (1983) lament that some

second-year university students still accept thisrpretation-and this is indicative of the

persistence of preconceived notions about elettigaents
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Another deeply rooted alternative conception ambpiigs students is the belief that the
intensity of the current in a circuit diminishesiaflows around the circuit (Shipstone,
1984). Thus, the students believe that currentisisd up’ as it flows or goes through a

resistor.

Previous research has also shown that the conteptential difference is a difficult one
for students to master. The main explanation fas thifficulty is that everyday

experience with regard to potential difference rigbably lacking for most people (with
the exception perhaps of those who travel frequeéntim Europe to America, and vice
versa, and who are therefore familiar with voltagkaptors) (Liégeois& Mullet, 2002).
The students view the electrical current as thgimf potential difference and potential
difference as a mere measure of electric flow, nooress synonymous with intensity of

current (Liégeois & Mullet, 2002).

Electric current is viewed as dissipating througle tliverse elements of the circuit,
especially bulbs (resistors) (Liégeois & Mullet,02). In particular, students and most
non-professionals in the field, tend to view resistessentially as sources of heat (or
light); that is to say, as the locus of the dissgraof current (Coheet al., 1993) This, it
would appear, is due to people’s everyday expeeendgth resistors mainly through the
use of light bulbs or radiators. Other domesticliappes are not typically viewed as

resistors (Liégeois & Mullet, 2002).
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Periagoet al., (2005), Pardhaet al., (2001) and Nadat al.(2009) found the following

alternative conceptions about electric circuits.
Alternative conception (series and parallel conneans)

The students think that in a series circuit, thenieals of one bulb are joined to the
terminals of another bulb through a wire making qagh for the flow of electrons.
(.Pardharet al.,2001). The students also tend to think that iraalfel circuit, wires of
each bulb are directly connected to the cell cough main wires to the cell (Pardhan

al., 2001). Each bulb has its own path for the electnicent to go through it.
Alternative conception (Unipolar model)

Often students think that the current leaves thHearel go to the bulb (Pardhast al.,

2001). This claim is a result of, misunderstandifighe fact that the screw-thread of the
bulb does not only serve the purpose of securiegbthb in its holder, but also serve as
one of the terminals. The electric cords used dinsg electric kettles; electric irons; e.t.c.
start at the source and end at the appliance. dreastes the impression that current is
only carried in one direction-towards the appliarecel is consumed there. Little do
students know that electrical cords actually cdasi$ more than one wire which carry

current in two ways (Periags al.,2005).

Alternative conception (consumer model)

Many students think that current is consumed iir@it (Pardharet al., 2001).Students

are current orientated; they believe that curreavés the battery (which is perceived to
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be the source of current) at a particular value ignahodified thereafter, depending on
what it encounters in its path. According to thisdal little or no current may return to
the battery. Students thus fail to understand tbatrent only conveys energy to the

bulbs.

Alternative conception (cell as sources of constaiurrent)

Periagoet al., (2005) have found that many students think thaelais the source of
constant current, which is independent of the cotatwsed. They fail to understand that
a cell is a source of energy and supplies constaff while current depends on the

resistance of the external circuit.
Alternative conception (no current, no resistance)

The study by Nadeat al., (2009) found that students think that there wobéd no
resistance if there is no current. They faileddalise that the resistance of a component

depends only on its own properties.
Alternative conception (no current, no voltage)

Many students believe that if there is no currentiicircuit, then there should be no
voltage distribution. This confusion between vo#taand current manifests itself also in

the way that students attributed the propertiesuafent to voltage (Nada,et &2009).
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2.7 CONTEMPORARY TEACHING STRATEGIES

From early childhood, learners experience the aatuorld and formulate intuitive ideas
about concepts related to their world. Accordingthie constructivist theory, learning
involves the construction of meaning that is t@@é extent influenced by the learner’s
existing knowledge. Some of this knowledge couldresent alternative conceptions.
Thus science educators must be able to identify deml with learners’ alternative
conceptions in order to accomplish change. If nmetted, learners will encounter
problems in learning science. Learner-centeredtegfies should be implemented

particularly from an activity-based learning platfo

Learner-centered science teaching begins with thekdround experiences and
knowledge of the learners (Weld, 2002). This apgiha&cognises that each learner must
construct his/her own knowledge and that new cascapd propositions are built upon
existing ones (Novak, 2004). Constructing knowledga lifelong process that requires
significant mental engagement from the learner (Mes Cooking, 2002). The
constructivist view of learning has two importantplications for teaching. The first
implication is that the knowledge that learnereadty possess affects their ability to
acquire new knowledge. Secondly, instructionaltsgias that facilitate the construction

of knowledge should be favoured over those thatato
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The transmission model of teaching

Traditionally, the teaching of science was seenaagansmission process, whereby
knowledge was transferred from the teacher to theest (Wesi, 2001:56). The teacher
was an active participant, while the student wagmssive recipient of information. The
teacher and the textbooks were the only sourcagaination. According to this model
of teaching information is absorbed by the studantswas assimilated in the same order
and sequence as presented in textbooks and ogasised by the teacher. In this case,
the teacher was the one who carried the respoitgibdl ensure that student learned.
Students’ performance and motivation were thusitogmtly influenced by the teacher’'s
personality (Klassen, 2006). A well prepared lesswesented in a formal setting, in a
logical and clear manner; and an experimental dstration properly carried out by the
teacher in front of a quietly seated and attentiass were, according to the transmission

model of teaching, a fulfillment of all essentiapacts of good teaching.

The Heuristic Approach to Teaching

Upon realising the ineffectiveness and the faillokthe transmission model of teaching
in science, Henry Edward Amstrong in the early tegh century, proposed the heuristic
approach to teaching of school science (Wesi, B7According to Wesi (2001), the
heuristic approach of teaching implies that stuslenust be placed absolutely in the
position of the original discoverer, so that thescdver information and knowledge for

themselves. Armstong argued that the main sigméieaof science teaching was to teach
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scientific method (process) rather than merely Har information and knowledge

content as is the case with the transmission model.

Armstrong’s rather uncompromising approach, whiended to over-emphasise the
scientific method over the learning of content, dad win much support in the scientific
and education circles. The final blow to Armstrangieuristic approach came when
psychologists issued reports of their researchawodr of the transmission model as
being a better teaching method for science (W&4l1p Due to a great deal of evidence
being lodged against the heuristic approach, sei¢eaching shifted once again entirely

towards the transmission model.

Armstrong’s heuristic approach was revived in tag 11950’s as a result of the work
done by the Nuffield Science Teacher Project, Rjdeinner and Bloom. The Nuffield
science teacher project designed a set of scieaohing objectives, which could not be
accomplished by means of the transmission modelan@h in science teaching
approaches was inevitable. The Piagetian develo@neheory and theories on
approaches to learning that were developed in #rdy esixties influenced science
teaching towards observation, exploration and dsoo approaches. In particular
Brunner emphasized that the methodological streabfilearning science must resemble
the way that science has advanced. The methodaofilhg by discovery was embraced
more fully in the 1960’s.ThenAusbel (1968) proposadlearning theory called
constructivist learning theory. This theory praadda new and significant way of looking

at how learning took place
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Over the last decade an active research progranamdéen established in the area of
students’ conceptual understanding in science {(3sako & Driver 1992;Periago &
Bohigas, 2005).Learning is seen in terms of condptevelopment or change (Soett,
al, 1992).Various models of learning based upon tlesvpoint have been proposed,
some emanating from epistemological literaturessieg Strikes, Hewson & Gertzog,
1982), and others from cognitive psychology (Osbpd983; Geer & Rudge, 2002). All

of this work has strong implications for classropractice.

The importance of students’ prior knowledge for #oguisition of new knowledge and
the need to sequence instruction to build upon esitsd existing concepts and
propositions has been long established (Novak, RApgroaches to teaching that
acknowledge students’ alternative conceptions Haeen researched, developed and
tested. These teaching approaches involve a rahgéferent pedagogical strategies,
drawing upon various aspects of the underlying mhed constructivism(Osbornest
al,1983).The challenging for the educator is to &ellee appropriate teaching strategy
and techniques that will enhance learning withinparticular learning context

(Trowbridge, Bybee& Powell 2004).

2.7.1 CONSTRUCTIVIST TEACHING APPROACHES

A constructivist approach to teaching and learraegnowledges and recognizes the

existence of learners' pre-knowledge that exisisr go formal teaching and learning
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experiences. This pre-knowledge is actively applsdlearners in responding and

making sense to new situations (Fraser & Tobin 2068-349).

In order to overcome deficiencies in students’ kmewledge, educators and lecturers are
faced with the problem of devising different andtéeteaching and learning strategies

that will enhance science learning.

The constructivist model of teaching looks diffahgrat the roles of the teacher and of
the students in the science classroom. The teachale is that of a facilitator of the

learning process and not an instructor. Studemsar just passive recipients of what is
taught, but are actively involved in interpretingdaconstructing knowledge (Trumper,

1990).

The constructivist approach to teaching is furthemen based on the assumption that
students’ alternative conceptions have direct irhmac their learning (Collins, 2002).
Since the teaching of scientifically accepted cpteeloes not necessarily result in the
necessary restructuring of students’ alternativeceptions, the chances of successful
teaching in science seem fairly slim, as no le@noan take place if there is no
restructuring of one’s non-scientific knowledge. cAcding to Wesi (2001) the
constructivist view emphasises the importance ofsmering students’ alternative
conceptions in the teaching and learning of scieAoeording to this view, students’
alternative conceptions must be taken into conataer and be addressed accordingly. If

they are ignored, they remain firmly entrenchedhimitstudents’ mental structures, and
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persist long after formal instruction has ceaseli,(2005). Wesi (2001) proposes the

following steps that can be followed in the classnausing the constructivist approach.

Establishing existing knowledge.

According to the constructivist approach to teaghithe nature of student’'s prior
knowledge must first be established before thensiie concepts can be introduced. This
can be achieved by asking leading questions poi@niy formal instruction with a view
to using students ‘prior knowledge to direct therse of learning activities. If students’
prior conceptions are scientifically acceptablegytttan be led through a process of
knowledge construction on the basis of what thegaaly know. If on the other hand,
their prior knowledge is not scientifically accdpts it is necessary to lead them through
a process of discrediting their existing notionsider to pave the way for establishing of

the acceptable new concepts

Discrediting Students’ Ideas

Discrediting students’ ideas does not imply tha teacher must criticise and rule out
students’ ideas. The teacher must instead allodests to explore their own alternative
conceptions and use them to generate their ownthgpes and interpretations. In the
process, the teacher must provide materials andrappties for students to test their
ideas and to construct relationships between cascép this way, a conflict situation

arises in students’ minds and their attention iawar to the contradictions between

knowledge and realities of the new situation. Tdusflict in mental structures serves as
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the source of motivation for the child to seek ales The efforts of the child are directed
towards resolving this conflict. Where applicaldeconflict situation in students’ minds
can be created by means of an experimental dematiostr which yields contradictory

results to their alternative conceptions. In thiaywstudents will begin to doubt their

conceptions and opt for one which is not contradicto experimental observations.

The construction of knowledge

After students’ conceptions have been discreditedy will be ready to assimilate
scientifically acceptable knowledge; the knowledges not lead to contradictions and is
not contradictory to experimental observations.sTknowledge should however not be
presented to students by the teacher. Insteadergiuidnust be allowed to construct this
knowledge themselves; this is the essence of aaistism. Steps involved in leading
students through the process of knowledge congtruaiclude allowing them to discuss
and interpret phenomena or experimental obsenationsuch a way that they make
sense to them. Through the guidance of the teattileegcceptable scientific concept can
be established. If the scientific concept is ace@pthe learners will discard their own

naive concepts in favour of the scientific onethis way, learning has taken place.

Rote learning and memorisation were all what itktdor students to succeed in the
transmission approach to teaching, since intemadis of content and understanding
were not emphasised. This approach was only aimetiabling students to remember
information so that they could pass examinationsrdgroducing what they had been

taught, and no emphasis was placed on the acquisii problem solving and logical
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reasoning skills (Wesi, 2001).This approach howelss not yield the type of results
one would expect in a situation where higher oddarning is required. The heuristic
approach to teaching, which is a radical deparfoven the transmission model, is

discussed below.

2.7.2 ACTIVITY-BASED LEARNING (ABL) AND PROBLEM-BAED LEARNING

(PBL)

Activity- based learning draws upon a family of sdty related theoretical perspectives
and conceptual orientations. Most notably, thestude problem-based learning among

others.

Activity-based learning or ABL describes a ranggeflagogical approaches to teaching.
Its core premises include the requirement thanlagrshould be based on doing hands-
on experiments and activities. The idea of actibi#ged learning is rooted in the
common notion that students are active learnerserathan passive recipients of
information. If a child is provided with the opponity to explore on his/ her own and
provided with an optimum learning environment tbarhing process becomes joyful and

long-lasting.

Activity-based learning enables the constructioheafners’ mental models. The goal of
activity-based learning is for learners to congttheir own mental models that allow for
'higher-order' performances such as applied prolsielving and transfer of information

and skills. New information and communication temlogies make it possible to develop

and deliver multimedia learning objects for acydiased learning.
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In a learner-centred science curriculum, learniogpreee is active and constructive,
involving enquiry, hands-on activities as well amads-on analyses of problem-oriented
scenarios (Taraban, Box, Myers, Pollard & BowerQ72061). What a student does is
actually more important in determining learningrtivehat the educator does. The greater
the learners' involvement, the better and more-lasting their learning (Donnellen &
Roberts, 1985). The aim of activity-based learnggo develop critical thinking and
problem-solving skills by posing and investigatirelevant questions (Tarabaet al,
2007:961). The task of the educator as facilitetdo create learning conditions in which
learners actively engage in experiments, internetl explain data and negotiate
understandings of their findings with peers. Rede&ias established that disadvantaged
(academically or economically or both) learners aspecially benefited by activity-

based programmes will be (Donnellan & Roberts, 1985

In activity-based learning a variety of learnericed instructional strategies are
implemented to teach science (Ramsden, 1994; Tadbal, 2007). The activities are
designed to encourage active learner involvemesarners are usually organised into
collaborative learning groups. The use of a widegeaof learning activities improves
both motivation and learning of science (Ramsd&®94). In particular, activity-based
learning places particular emphasis on the usevefyday contexts as starting points
from which scientific concepts are developed andrdgific ideas explored (Ramsden,
1994:7). In this way learning starts from learnesgieriences and can be guided towards
an understanding of the concepts, methods andtwtesc of physics (Lemmer &

Lemmer, 2005).
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The goals of PBL are to help students develop lllexknowledge, effective problem
solving skills, self-directed learning, effectiveollaboration skills and intrinsic
motivation. Working in groups, students identifyatvithey already know, what they need
to know, and how and where to access new informdhiat may lead to resolution of the
problem. The role of the educator in PBL is thafadfilitator of learning who provides
appropriate scaffolding and support of the processdelling of the process, and

monitoring the learning.

PBL follows a constructivist perspective in leagias the role of the instructor is to
guide and challenge the learning process rathem #tactly providing knowledge
(Dolmanset al., 2005; Hmelo-Silver & Barrows, 2006). From this g@ective, feedback
and reflection on the learning process and grougalhycs are essential components of
PBL. Students are considered to be active agents evigage in social knowledge
construction. PBL assists in processes of creatmganing and building personal
interpretations of the world based on experienoesiateraction. PBL assists to guide the
student from theory to practice during his/her fay through solving the problem

(Edens, 2000).

The adoption of PBL as a teaching strategy fitsvell with contemporary science
education (Cashion & Karen, 2006). PBL is much nthem an instructional strategy. It
has been adopted by educators with a view to fosteonly the development of content

knowledge, but also a range of skills and dispmssj such as curiosity, problem-
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solving, communication and collaborative skills,cden-making, and self-directed

learning (Edens, 2000).

PBL originated from the work of Dewey (1944), whanghasised the connections
amongst doing, thinking, and learning. Learnersiergdic knowledge and
understandings are socially constructed througk, tattivity and interaction around
meaningful problems and tools (Bransfomt, al, 2000). The educator guides and
supports learners as they explore problems andhealgfilestions that are of interest to
them. On their part, learners share the respoitgibil thinking and doing. According to

Hmelo-Silver and- Barrows (2006), the six core eltaristics of PBL the following:

- It consists of student-centred learning;

- Learning occurs in small groups;

- Teachers act as facilitators or guides (refetoeas tutors);

- A problem forms the basis for organised focus stimulus for learning;

- Problems stimulate the development and use difi@mo solving skills; and

- New knowledge is obtained by means of self-deédearning.

In PBL, students are encouraged to take respoigitat their group and to organise and
direct the learning process with the support otitartor educator. Advocates of PBL
claim that it can be used to enhance content krayelewhile simultaneously fostering
the development of skills related to communicatiprgblem-solving, critical thinking,

collaboration, and self-directed learning (-.Ed&ti¥)0).
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PBL may position students in a simulated real wovlatking and professional context
which involves policy, process, and ethical proldethat must be understood and
resolved to achieve a particular outcome. By waykimrough a combination of learning
strategies to discover the nature of a problemerstdnding the constraints and options
to its resolution; defining the input variablespgamderstanding the viewpoints involved,;
students learn to negotiate the complex sociolbgiature of the problem and see how

competing resolutions may inform decision-making.

While each of these theoretical perspectives ugéeteht learning strategies, they share
a common assumption that meaningful learning ire®Ilthe engagement of activity,

which entails the unity of learning, doing and tiing.

2.7.3 VERBALISATION

Learners' confrontation of alternative conceptittimsugh verbalisation of understanding
is common to many stepwise approaches to teachiy learning strategies for
conceptual change (Clement, 1982; & Olive, 2003).lebrners can express their
difficulties verbally, they are a step closer temoming them. This requires an educator
to place greater emphasis on listening in the wass when learners verbalise their
conceptual understanding. In a constructivist ctas®s, peers may constructively
criticise each other's statements and thus eadr'sthnderstanding. Thus, in this way
learners can refine each other's sample answepsotdems. This approach will also

sharpen the learners' critical thinking skills (@&nt, 1987).
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It is productive to have learners make verbal statgs of their understanding to clarify
and confront their alternative conceptions. Browmd aClement (1989) emphasise
learners' oral and written explanations of themaaptual understanding as a method of

isolating their alternative conceptions.
2.7.4 ANALOGICAL REASONING

The ability to reason by analogy is central to honroagnition and learning. Analogy is a
higher order reasoning skill which allows succesgérformance on novel problems, the
ability to transfer knowledge to new situationsddaarning by taking in a variety of

information from different contexts (Richland; Mmon & Holyoak, 2006). Reasoning
by analogy is thought to involve specific processash as the ability to exert inhibitory
control, keeping multiple relations in mind, andcanulating relevant domain

knowledge (Richlanctt al., 2006). Analogy is thus a complex skill that isesdg&l for

higher-order learning and thinking.

Alternative conceptions are not addressed by stdridaching in science classrooms and
science textbooks. Simply presenting students with logical arguments of scientific
concepts during teaching does encourage concelgaaling to the extent that such
reasoning actually makes little sense in the cantéxstudents’ own beliefs (Baser &
Geban, 2007). According to Carey (1985) studerading a science text or listening to a
science teacher must gain a proper understandingelaying what they are reading

(hearing) to what they know, and this requiresvactconstructive work. This notion is
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the cognitive rationale for making science lessahsvant to students’ concerns (Baser

& Geban, 2007).

Teaching strategies in science are important imdeof facilitating meaningful learning
and preventing alternative conceptions. Numeroudies$ ( e.g. Harrisson & Treagust
1994; Gilbert, 1989 Richlandt al.,2006) have shown that careful use of analogies is
effective in refining students’ alternative congeps in science, given that analogies are
closely related to constructivist learning theonytivo aspects, namely: promoting an
environment in which students are active learnedsthat new concepts are based on old

concepts.

Typically, analogies involve the presentation ofadnstract new concept with a concrete
familiar one to help learners to conceptualisd_@wson, 1993). Analogies can also be
used to facilitate the development of conceptuatiel® of newly presented scientific
mechanisms or structures by comparing them to songethat is familiar to the learners

(Iding, 1997).

The use of analogy instruction helps learners wtded theoretical concepts, or change
their alternative conceptions. For example, Stal§9() used analogies to overcome
learners' misconceptions about conservation of ltei§nalogical reasoning, as a tool
for helping learners overcome misconceptions, scdeed by different researchers as

for example, bridging analogies or chains of anek®dClement, 1987). Analogical
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reasoning has been refined for use in the classraothis encapsulated well in the
bridging of analogical strategies. The educatopsect use of bridging analogies can
help learners to span the conceptual gap betweshoafa mastered) concept and target

(misconceived) concepts (Clement, 1987; Bartl€x04).

The analogical reasoning strategies can involveraes of analogous demonstrations
presented sequentially for comparison. An exammola fNewton's third law is (Browet

al, 1989): ‘a book is lying on a table; gravity pullsetbook towards the centre of the
earth (action force)'. Many learners cannot idgntlie reaction force when given the
action force (weight) of a book lying on a tabldaeTeducator may use the analogy of a
hand pressing down on a vertical spring where #ralhs analogous to the book and the
spring is analogous to the table. The concept aftren force may be clarified by this
analogy. The idea is that most learners will undexd the book on the table (target
concept) after the educator has taught the morepegmnsible hand on the spring
example (anchor concept). Regardless of the conefite taught, this approach is
heavily predicated on the need for concrete exasnghd demonstrations, as these help

learners to develop visual models of the concegitsgostudied (Browret al,1989).
2.7.5 ENQUIRY AND INQUIRY TEACHING AND LEARNING

Enquiry learning is a learner-centred approach #@mphasises higher- order thinking
skills. It may assume several forms, including gsial problem- solving, discovery and

creative activities, both in the classroom and tdoenmunity. Most importantly, in
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enquiry learning students are responsible for msiog the data that they are working

with in order to reach their own conclusions (Trowdbe-et al2000)

Inquiry-based learning is a constructivist appreach which students have taken
ownership of their learning. Its starts with explton and questioning and leads to
investigation into a worthy question, issue, prabler idea. It involves asking questions,
gathering and analysing information, generatingitsmhs, making decisions, justifying,

conclusions and taking action(McBride & Muhamma@420

It is possible to describe enquiry issues fromedéht aspects. Kaska and Rannikmaee
(2006) emphasise two aspects of inquiry, nameltyiiny as means, and enquiry as ends.
According to McBride and Muhammad (2004) enquiry,aaway of learning about the
world, should be taught in the context of reale-lfcientific problems involving real life
science knowledge. These problems should be relewathe learners. The learners
should initiate the study of these problems as firepe, search, explore and investigate

guestions of interest to them.

Observing learners in an enquiry laboratory istkatgty different. Instead of learners
following descriptive paragraphs during the laboratthey are provided with a series of
challenging questions that they attempt to anstwerugh an investigation they have to
design. Biology learners may be asked to designexperiment that demonstrates
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molecular movement through a membrane or to firgkolable variations between plant
and animal cells by scanning a variety of tissuecspens. In an inquiry-based
classroom, learners discuss which procedures wil &ill not lead them to a valid
conclusion; they acknowledge variables that witeifere with their outcome's validity,
and learn the importance of maintaining a contemjugnce to compare to their results
(Marbach & Solokove, 2000).Class members are ngdorcontent to sit passively
through a lecture or in a laboratory activity, ethtoday's learners need to be engulfed in
the classroom experience. Learners who do not be¢owolved in the lesson mentally
tent to tune out what is going on and passivelyittha end of the class with their brains
turned off. However, involving learners in enquisymuch more difficult than simply

providing activities for them to do in the classmo{Enger& Yager, 2001).

While active learning suggests that learners angsipally participating in the lesson,
enquiry learning requires that they are also mbntadrticipating in it (Engerget al,
2001). In fact, scholars agree that it is mentatigpation rather than the physical
participation that is the important ingredient todering understanding (Wiggin&
Mctighe, 1998). Learners need to consciously canmsibe events they are exploring;
they also need to actively examine what they passesl predict the ramifications of
intervening with the action (Wiggirst al.,1998). Teaching science by enquiry involves
teaching learners the science process skills ugadibntists to learn about the world and

helping the learners apply these skills when |e&ynscience concepts (McBride
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&Muhammad, 2004).In particular, learners are heligeléarn and apply science process

skills by conducting problem-centred discovery.

Within the context of enquiry, teachers involverieas in investigations such as (a)
challenging the validity of currently accepted scie concepts, (b) going beyond their
present understanding of currently accepted sciemmeepts, and (c) investigating
different explanations for specific science phenoeagSchwab, 1962;Banchi &

Bell,2008).

Towards this end, effective laboratory experienees highly interactive and make
explicit learners' relevant prior knowledge, engandctive mental struggling with that
prior knowledge and new experiences, as well aswgage metacognition. Without this,
learners will rarely create meaning similar to tbathe scientific community (Driver,

1989). That is why typical cookbook laboratory witiéés do not promote, and often
actually hinder, deep conceptual understandirgy tlo an extremely poor job of making
apparent and playing off learners' prior ideas eexgring deep reflection, and promoting
understanding of complex content. Such activitiesknearners' underlying beliefs and

make desired learning outcomes difficult to achig¥ever, 1989).

Enquiry-based learning is a constructivist approathvhich students’ take ownership of
their learning. It starts with exploration and di@sng and leads to investigation into a

worthy question, issue, problem or idea. It invehasking questions, gathering and
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analysing information, generating solutions, maldegisions, justifying conclusions and

taking action (Harpaz, & Lefstein, 2000).

Inquiry-based learning approaches, when correathpléemented, can help develop
higher-order, information literacy and critical nking skills. They can also develop
problem-solving abilities and develop skills fofelong learning. Teaching science by
enquiry involves teaching students the sciencegases and skills used by scientists to
learn about the world and helping the studentsyafiigse skills involved with learning
science concepts (McBrid# al,, 2004). Students are helped to apply these pxieks
through conducting problem-centred investigationssighed for specific science

concepts.

When students learn science by enquiry, the proakssquiry becomes the means by
which the currently accepted science knowledgeetteb understood. Through learning
science as enquiry, students also better unders@mndscientists developed the currently
accepted body of science knowledge. According tog8pet al (2003) enquiry-based
science has also provided great benefits in divelesssrooms, so that students are able to

better respond to open-ended and multiple choiesteuns.

2.7.6 DISCUSSION BASED TEACHING

According to Applebee, Langer, Nystrand and Gamof2003), classroom discussions
in the form of both student-to-student and student$teacher serve as important means

for facilitating the construction of scientific kwtedge. In particular, the idea that
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students’ explanation abilities can be supportedoutph whole-class discursive
interactions with others draws on the early work\bfgosty (Langer; Nystrand &
Gamoran, 2003). Sprod (1998) and Roschelle (198) lzelieve that teaching with a

focus on discussion can improve scientific explemaability.
2.7.7 JUST-IN TIME TEACHING (JITT)

The Just-In Time Teaching (or JiTT) approach wagelbped by Novak (1999). The
method is a synergistic curriculum model that caorabi modified lectures, group-
discussion problem solving, and web technology. TRET approach can improve
conceptual understanding, hone problem-solving Isskitlevelop critical thinking

abilities, build teamwork and communication skidsmd help learners to connect
classroom learning with real world experience. Jio€uses on two critical cognitive

principles, one from each side of the teachingiieg gap, namely what
v Students learn more effectively if they are intetilally challenged; and

v Educators teach more effectively if they understahdt their students think and

know (Redish, 2003).

These principles are implemented by using web t@ogy to change students’
expectations with regard to their role in the l&agnprocess and to create a feedback

loop between students and educator.
2.7.8 THE EPISTEMOLOGICAL APPROACH TO TEACHING ELHRICITY

The study of electricity dates back to the tim& béles of Miletus in 600 BC. It is one of

the sections in physics which has undergone a ssavfe dramatic developments

105



throughout history (Jung, 1994:115).The immenseluamice of technological
developments, followed important scientific develgmts on the human race cannot be
underestimated. In order to understand the impachayor scientific developments on
society, it is necessary to understand the magords that char their development (Wesi,
2001:117). We thus need the type of science tegdhiet will take the wider context of
the antisocial system. It is therefore necessatynty teach electricity content but also
to teach students about the historical developrokelectricity to enable them to see this

specialised knowledge in its proper perspectivad,J1994:115).

The epistemological developments of the subject lmamtilised in a number of ways
during teaching. Firstly, it can be used as an msjag principle of the curriculum by
delineating the historical development of today®wledge from its beginning, or by
going back to the origins, beginning with the redarowledge. Secondly, it can be used
to enrich students with the knowledge of the emmrgeof important conceptual
schemes, ideas, experiments, major arguments ataribal circumstances. Thirdly, it
can be used as an anecdotal enrichment, in ordelan students from the strains they
might experience by working with raw physics and fiootivational reasons. Fourthly,
one may use the history of the subject in ordentimduce a philosophical element into
physics teaching and to familiarise students wlhi gcientific thinking patterns and the

manner in which scientific knowledge is constructed
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2.7.9 THE MODELING APPROACH TO TEACHING ELECTRICITY

The study conducted by Smit and Nel (1997) amoB8gsith African teachers indicates
that teachers generally have problems with theofiseientific models and with models
of electric current in particular. Halloun (1996yoposed a schematic modelling
approach which can be used to help students to f@arsics in a meaningful way and to
resolve learning deficiencies. In his proposal,lélal (1996) argues that modelling is a
major process used for constructing and employimg ¢ore content of scientific
knowledge. Students fail to make correct qualimfivedictions about the behaviour of
electric currents because of a lack of an apprtgpreanceptual model for electric
circuits. When used correctly, the models are #ffecin dealing with conceptions
associated with electric current. However, Coletral (L983) lament that when second
year university students still accept this intetgtien, this is indicative of the persistence
of preconceived notions about electrical currertscording to McDermott (1991),
scientific realism can take place at any level whie structures of physics theory and

physicists mental processes are represented dhiplici

Clement and Rea-Ramirez (2008), notes that in @gpréo learning electricity by way
of explanatory models, students are encourageddasfon the causes behind what is
happening in the wires. The mathematical quantiboaof voltage, current, etc., is
usually left until later in instruction, serving teerify and support students’ working
mental models. Clement and Steinberg (2002) presme@tpproach to teaching complex
models of electricity based on the model of cormsipn cycle of Generation, Evaluation,

and Modification (referred to as the GEM cycle). Byans of this process of model
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evolution, or incremental growth in sophisticatmim model, students are led to reassess
and revise their model many times. Their learningpraach is centred around
Steinberg’'s CASTLE (Capacitor Aided System for Teag and Learning Electricity)
curriculum, which utilises the introduction of lagnon-polar capacitors into basic
electric circuits as a way to focus students’ dibenon the transient states of potential
differences that exist throughout the circuit. Tis®s the analogy of voltage as a type of
“pressure” that exists in the “compressible electluid” of a circuit to explain how
these capacitors go through their charging andhdiging cycles. Studies by Brown,
1992 and Williams and Clement (2006) found thatdefus in these model-based
learning classes recorded significantly greatengyam electric circuit problem-solving
and reasoning abilities than their counterparts \Waosned the concepts of electricity

through more traditional, lecture and equation-dareans.

A great deal of research has been published thettifebs the different alternative

conceptions about current, voltage, resistor, t&st® and other electric circuit-related
concepts (Nada, Osta & Zoubeir, 2009). Findinggaéeommon alternative conceptions
held by students across the board, from primarsetmndary and university, as well as
by prospective science educators (Arons; 1997; Melo# & Shaffer, 1992). It has also
been established that alternative conceptions areanfined to one country or to one
educational system, but are indeed common to diftercountries with different

educational systems (Shipstone, 1988). Furthernothey studies indicate, inter alia, that

students do have different conceptual models of ktegtric current works in electric
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circuits (Pardhan & Yasmeen, 2001). For instandégéois and Mullet (2002) found an
alternative conception among young children anchgoadolescents which indicated that
electric current was frequently considered as beiagsferred from batteries to light
bulbs in a way similar to how orange juice is sf@nred from a bottle to the mouth using
a straw (the sink model). The light in a bulb isduently considered as the result of the
‘clashing’ between the positive current coming frime positive side of the battery and
the negative current coming from the negative s{@sborne, 1983). For young
adolescents and even for some university studantelectric circuit does not need to be
closed to be functional. Also in a related veimgrsieircuits in an electrical circuit are not
easily detected or/identified in the circuit if teudents have an inaccurate conception

(Liégeois& Mullet, 2002:552).

Previous research has shown that in explaininglectre circuit, many students are
unwilling to consider it as a whole, rather seeiing circuit as an entity where elements
are totally independent (Liégeois & Mullet 2002:552tudents usually approach electric
circuits in localistic ways and in also a sequdistiavay (Cohen, Eylon & Ganiel, 1983).
The localist approach is characterised by treadimg) visualising each part of the circuit
separately thus, in a circuit, the battery, the atem the resistor and its associated
voltmeter are considered to be separate (LiégeolduSlet 2002:552). The sequential
approach is characterised by considering some drtee circuit before other parts

(Liégeois & Mullet, 2002).
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Figure 2.7: Circuit diagram

In the circuit given in Figure 2.7, the right segrmevith its ammeter portion will
therefore be considered before (or after) the t@sand its associated voltmeter portion,
and the resistor and its associated voltmetergoxiiill in turn be considered before (or
after) the right segment. As a result, a phenomeifacting one part of the circuit will
be reflected in the subsequent portions of theuttinwithout affecting the preceding

portions.

Pardhan and Yasmeen (2001), and subsequently Wadd (2009), have identified

alternative conceptions of electric circuits amdrggsdents as follows; these are:

* The attenuation model - whereby a cell is regaated reservoir of current and as

current moves through successive components, thentigradually wears out.
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» The sharing model - in which it is envisaged tHatamponents are identical,
current will be shared equally, but current is omtserved (i.e. current out of the

cell is more than current back to the cell).

* The unipolar model - where students do not recegti® need for a closed
circuit, and therefore treat electric componentslastric sinks that transform the

current sent by a battery into light and/ or heat.

The studies cited above provide evidence that stageerceive the cell as an agent which

gives out a fixed amount of current and the bull patient which consumes current.

‘Gives’

v

Agent (cell) Patient (bulb)

Current /energy

In studies by Koumaras, Kariotoglou and Psilld89(@), it was found that when students
were exposed to more complex circuits (i.e. witkigiors or combinations of parallel and
series connections), or when the time element wieduced (e.g. given two circulits,

one with a bulb connected to a single cell andaier bulb connected to two cells in
parallel and students were asked in which casebtiib would stay longer), their

explanation using the Give model did not fit thesedvation (Pardhan & Yasmeen
2001:303). In trying to explain the new experienttes students reversed their thinking,
that is; that the bulb and cell switched roleshia Give model, thereby giving way to the

Take model.
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Takes

Patient (cell) < AgéBulb)

Current/energy

The bulb and cell switched roles, whereby the ladted as an agent which gave a fixed

amount of current and the cell as a patient, takingy current.

Stocklmayers and Treagust (1996) probed the idegsung children and students from
different age levels, as well as a experiences tati®i nature of ‘current’ and some
electric circuit terms. Overall, a ‘Mechanical’ neddwas used whereby children
perceived current as a lot of tiny particles, whsradults imagined it to be like small

balls moving along tunnel-like wires (Pardhan & Neen 2001:303).

Invariably, all studies of conceptual understandagpecially prior to formal instruction,
indicate that alternative conceptions are held dmividuals on most science concepts.
Most of the studies, though not always explicisoainclude possible explanations for
these alternative conceptions (Gilbert, Osborne é&ndham 1986; Driver, 1989;
Wandersee, Mintzes & Novak, 1994; Duit & Treagu€95). In a nutshell, alternative
conceptions are held by individuals because ofdilerse set of personal experiences

including direct observations, perceptions, cultla@guage, teachers’ explanations and
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instructional materials like textbooks (CoetzeeQ&0Pardham & Yasmeen, 2001). In
short, alternative conceptions held by individusdrhers have strong implications for
science educators, because they pose immensengesléor quality science education.
With a view to improve university students' conegbtunderstanding of electric circuits,
current policy and standards in science educatihins study suggests using a

constructivist approach.

2.7.10 A MORE PRACTICAL APPROACH TO TEACHING ELECTRITY

It is a generally believed that effective teachofgphysical science and electricity in
particular is not possible without exposure to pcat work. However, studies by Van
der Lindeet al., (1994) in South Africa indicate that very littlef@tt is being made to
introduce a more practical approach to the teachingcience. A practical approach in
science teaching has been justified by Van der d,imd al., 1994) who claim that

practical work in the classroom is significantlie tsense that it:

» Develops learners’ practical skills and techniques;
» Encourage the development of scientific attitudes @eativity; and

» Enable students to get the “feel phenomena”.

The spirit of enquiry as well as appropriate malapwe skills can only develop through
hands-on experience. In addition practical work esathe learning experience enjoyable

for the students by stimulating their interests arahtal skills

This study argues that practical work must formlhsis on which theory is formulated.
The correct procedure here is to place studentiseirsituation of the original discoverer
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and to guide them to make observations on the ldsighich conclusions are made
(Wesi, 2001). For instances, when teaching Ohnws itis necessary to allow students
to carry out the experiment, record their obseorstji make generalisations and draw
conclusions before the statement of the law as sibinought to their attention. In this
manner, students shall have constructed their omowledge. This act is absolutely
essential for effective learning. In this regardinGtone and White (1992) proposed three

essential steps for practical work namely:

* Predict;
 Observe; and

» Explain.

These steps comprise the so called POE methodlves/anaking predictions of the
outcome of the experiment or demonstration, befactially performing it; making
observations and recording the measurements aily kgplaining and arriving at
conclusions based on the recorded data and thevalises made. These three steps are
essential in the sense that they enable the leamextract a great deal of useful
information from the experiment. The POE method lbara useful tool towards effective

teaching of electricity and can be very rewardimiguse in practical work.

2.7.11 THE QUALITATIVE PROBLEM SOLVING APPROACH

Problem solving does not develop a deep understgraficoncepts and principles, even
amongst students who become proficient problemesshLeornard (1996) proved wrong

the perception that teaching students how to sphedlems will develop in them the
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actual understanding of concepts and principleghodigh emerging instructional
approaches emphasis conceptual development, th#eproof adhering to traditional
teaching approaches still exists, despite the el@sirchange. A great deal of effort is
required to turn the situation around, and thusmarove instruction. At the centre of the
approach to improve the situation, are the qual#astrategies towards approaching

physics problems.

Physicists use mathematical expressions to desorbermulate the laws of nature,
which convey not only qualitative but also quanitta information related to the nature
and amount of the participating quantities. Ohrais,lfor example, gives the qualitative
relationship between current, resistance and patedifference. This description only
explains the nature of the relationship betweesdhiree quantities, but does not tell

anything about the extent to which to which thesamgjities influence one another.

Leonard (1996) proposes that, the qualitative gnobbkolving strategy involves three
elements. Firstly, the identification of the mapdrysics principles and concepts those are
useful in solving the problem; secondly, the ataton of the rationale for using a
particular principle or concepts; and lastly, tipplecation of these concepts to solve the

problem at hand.

2.7.12 USING MULTIPLE REPRESENTATIONS

The presentation of physics often takes place imlgarithmic and procedural manner

during which students are assigned problems whiely solve by mimicking the way

115



similar problems are solved by the teacher andekiebooks. This type of presentations
emphasises qualitative problem solving which ineslgelecting and manipulating one or
two appropriate equations to obtain the solutionfodunately, this type of problem-

solving does not result in deep understanding afcepts nor does it succeed in
developing robust problem solving skills. The reaséor this are that students usually
select and apply the equation without checkingaipgropriateness and also without
seeking to understand its content. As a resultesiisdemerge from the electricity
classroom with a shallow understanding of concapt$ with a narrow set of problem-

solving skills.

Students must be provided with sets of examplesder for them to learn how to solve
problems. A variety of representations can be useuding field line diagrams, free

body diagrams, equations and so forth. These reptasons can be used in a large
variety of problem situations to enhance both thality of teaching and the learning of
electricity. Free body diagrams can be used effelgtito sketch the physical situation to

explain a problem and summarize the given inforomati

Free body diagrams can also be used effectivelgléctrostatics to solve problems
involving interactions between stationary chardgeketches showing relative positions
and distances between interacting charges helppiaia the problem. The use of a linear
model for the teaching of the concepts emf andmitiedifference is an example of how

graphical representations can be used to analysg\yecshanges taking place in electric
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circuits. This analysis of energy changes in antetecircuit is usually done by means of
calculations involving the use of a number of eouet Teachers and students routinely
carry out these calculations without proper visalon and understanding of the

physical set-up behind the problem (Dufreshal.,1997).

When assisting students to learn how to use melt@bresentations in problem solving,
it may be necessary to engage them in activityhnwg description of a problem using
at least three different representations for exapgihgrams, equations and graphs. After
working with all three representations, studentsynize led to compare three

representations.

2.7.13 CONCEPT MAPPING

A concept map is a way of representing relatiorshigtween ideas images or words in
the same way that a sentence diagram represengsahmenar of a sentence, a road map
represents the locations of highways and towns, amidcuit diagram represents the
workings of an electrical appliance. In a conceppeach word or phrase is connected
to another and linked back to the original ideardvor phrase (Anderson, Byrne,

Douglass, Lebiere, & Qin, 2004). Concept maps amayof developing logical thinking

and study skills by revealing connections and Ingjtudents see how individual ideas

form a larger whole

Concept maps were developed to enhance meanirggftiihg in the sciences. A well-
made concept map grows withircantext framedefined by an explicit "focus question”,

while a mind map often only has branches radiatimgfrom a central picture. There is
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research evidence that knowledge is stored in tlaén kin the form of productions
(situation-response conditionals) that act on datize memory content which is also
referred to as chunks or propositions. Becauseeginoaps are constructed to reflect the
organisation of the declarative memory system, tli@gilitate sense-making and
meaningful learning on the part of individuals wimake concept maps and those who

use them (Andersoet al.,2004).

2.7.14 CONTEXTUALISATION AS A DIDACTICAL APPROACH N PHYSICS

EDUCATION

In the science-educational setting, the word "cditean have two different but related
usages, the one being knowledge-centred and tlee athivity-centred (Klassen, 2006).
According to Lemmer and Lemmer (2005), the follogviaspects form part of the

context of physics.

1) The philosophical context, which concerns aspecich as the world view of

physics;
2) The historical context of the development of §iby;

3) The technological context, which includes thevellgpment of measuring
techniques, empirical and technological equipmead, well as everyday

applications;

4) The mathematical context which is based on th#uah interaction between

mathematics and physics;
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5) The relational context in which physics is rethtto other sciences, such as

chemistry and biology as well as social sciences;

6) The experiential context that refers to everyeageriences and learners' practical

experiences of the world; and

7) The natural context, i.e. naturally occurringepbmena or events such as lunar

eclipses.

The experiential context is used mostly frequently science education.
Contextualisation in the learning process emanétau the learning psychologies of
Piaget, Ausubel, Gagne’ and Vygotsky (Klassen, 200®e contextual approach is
constructivist in nature and this is what OBE adtes. It starts from learners'
primordial paradigm, subsequently proceeds towaroisceptualisation and then to
formalism (Lemmer & Lemmer, 2005). New conceptsiateoduced in a context that is
familiar to the learners. Anchoring ideas (Duit819Clement, 1983) are used to explain
the contextual events or phenomena. After conceépiuderstanding has been assured,
the concept is formalised, usually by means of ndifie formula and definitions.
Contextual, conceptual and formal applications enbadearners' understanding of the
concept. In contextualisation, learners are madaravof differences between their
paradigm and physics, and guided towards an uratetisig of the concepts, methods

and structures of physics (Lemmer & Lemmer, 2005).
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According to Clement (1989), mechanical energy maglve many different things that
are familiar to learners. A discussion of the weyags move might be very helpful for
learners to visualise mechanical energy. A desonpaf the motions of the human body
would a suitable problem for the learners to motlédtewise, a discussion of simple
machines could be used to describe how mechameage is transferred from one type

of motion to another type of motion.

Duit (1981) proposes the use of semantic anchomnpoove students understanding of
energy conservation. An example of such a semantibor is to link energy to learners'
everyday experience of fuels, namely that energyeisessary when something is to be
set in motion, quickened, lifted, illuminated, ahdated, and so on. This means that
energy conservation is approached in a step-byssmer by means of examples and

experiments.
2.8 CONCLUSION

The teaching of science has been an ever-chandungagonal exercise (Wesi, 2001).In
the old school curriculum, the teaching objectigéscience were to produce individuals
who could memorise and retrieve information fromnmoey. Activity-based approaches
to education have constructivist aims which viewowledge as socially constructed.
Addressing students’ alternative conceptions witletivay-based instructional

approaches, couched within OBE principles, hol&sagpromise for the amelioration of

students’ learning difficulties. The central tenéfctivity-based instructional approaches
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is that knowledge is in some sense relational @nsuah students become more actively

involved in the learning process.
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CHAPTER 3

RESEARCH METHODOLOGY

3.1 INTRODUCTION

Students ' underachievement in science has beesutiject of major concern in many
countries for many years. Among the salient factarstributing to this problem, two of
the most frequently mentioned in the extant liwmtare: (a) students' alternative
conceptions and (b) poor instructional practicesb@ne,et al, 1981). The question
arises as to the most appropriate instructionatesgres that could be used to accomplish
conceptual change? This question has guided thieecbf the researcher ( the author of
this thesis) in the selection of a combination afember of instructional strategies to
include in his activity-based lessons, with a viéw addressing the alternative
conceptions that may have prevented the univessitgnce students, involved in the

study, from developing valid scientific concepti@i®out electric circuits.

From the literature it is apparent that studemshbility to apply memorised facts and
procedures is a worldwide problem. In this regaaine educators see the constructivist

approach as part of the solution particularly fdd@ssing alternative conceptions.
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3.2 ACTION RESEARCH AS THE METHODOLOGY FOR THE STUDY

TEACHING AND LEARNING OF SCIENCE

The research methodology followed in this study enase of action research as a central
point of reference. Leedy and Ormrod (2001:105yattarise action research as a type
of applied research that focuses on finding a soiuio problems of practice in a local
setting. By engaging in action research, educatssarch their own practice of teaching
(Feldman & Minstrell, 2000). It is an enquiry irtteeir teaching in their classrooms. This
research focused on the work of the researchen aglacator it was developmental in
nature and was intended to improve the educategstipe in order, in turn to enhance

the learners’ quality of learning.

According to Feldmaret al (2000), there are several types of action researctucts,
including increased understanding of practice, amgrovements in teaching and
learning, whereby teaching and learning are evetugglative to a specific benchmark or

standard.

Thus, in action research knowledge is generatedoing research (Feldmaat al2000).
If action research sets out to generate knowleitigayst be a legitimate form of research
and the results must be regarded as to be valis eans that educators must
systematise their enquiries and subject them timees from within and from outside the
classroom. The goals of action research are oftempretative, rather than explanatory
(Feldmanet al, 2000).Educators need to show that what they have learappropriate

for the specific case of the teaching in their elasms.
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The central concern of action research is to tatdi a systematic and collaborative
search for solutions to problems of common coneenongst a number of stakeholders,
through an experiential and reflective process (ldee & Muyangwa, 2006).Action
research goes beyond the spiral phases of planautgg, observing and reflective
action when it is appropriately used. In additiom, engages the participants
(practitioners) in a critical analysis of both thesearch process and of issues being
investigated. To this effect, any constraints wraaherge are critically analysed, debated
and/or even removed if they are found to impedeareldsmprovements, innovations

and/or change (Imenda & Muyangwa, 2006).

Action researchers can evaluate the effectivendssew instructional methods or
materials through outcome measures, or they canoogeing formative assessment
within the context of the teaching situation (Feddnet al, 2000). Educators obtain an
immediate evaluation of how implementable the satggk improvements are. Some

ideas can therefore be rejected out of hand.

According to Feldmaet al (2000), action research reduces the time lag betviee
generation of new knowledge and its applicatiorthe classroom. Educators spend a
large amount of time in schools working with leamethey are there in the most

appropriate situation to investigate the effectassnof their practice.

The research design and instrumentation, as welttees research methods used in this

study are explained below.
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3.3 RESEARCH DESIGN

In order investigate the extent to which an agtiadsed approach could help to alleviate
or overcome the incidence of alternative concepgtiabout electric circuits, a pre-
experimental one-group pretest-post test reseasdigml was followed (Imenda &

Muyangwa, 2006). The design is represented asaWsllo
O X O

O;= pre-test

X= Experimental treatment (Intervention)

O,= post test

A research and development (R&D) protocol was fedd for the purpose of assessing
the appropriateness and adequacy of actual implet@m during the pilot-testing phase.
It is always important to evaluate the implemeotatf a programme before attempting
its effectiveness in achieving the intended outcoifimenda & Muyangwa, 2006). The
identification of areas of difficulty to the studenwas followed by an activity-based
intervention within the pedagogic aegis of OBE irdey to alleviate the identified

conceptual gaps in the students’ understandingiehses content.
The steps of the design were as follows:

() The students were given a test to write, camgjsof two sections. In section A the
students were required to indicate the names ohitjie schools they had attended prior

to coming to university, their gender, and the yimarhich they completed Gradel2. The
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main objective of the pre-test was to determineatkernative conceptions that they held

about electric circuits as they started the unityeogramme (see Appendix A).

(i) The intervention strategies based on actibised learning were then developed in
accordance with the OBE pedagogic approach whiclnisapproach based on the
constructivist philosophy. A variety of activitiesere chosen and sequenced so that
students’ conceptions could progressively be chgéd, in order to allow students to
change their alternative conceptions into scientfies. The succession of activities and
discussions typifying the activity-based interventistrategies were aimed at enhancing
progression from contextual to conceptual, andllfin® formal understanding of the

concepts (refer to paragraph 3.5).

(iif) The students wrote a post-test, the saménapte-test, at the end of the intervention
to verify the effect of the intervention. The rasuvere analysed and normalised learning
gains were calculated to indicate the effectivenafsshe intervention. The gains of
students from the NCS were then compared with tliasa the OSC. The following

three goriori hypotheses were tested

* An OBE-based intervention will significantly allete alternative conceptions
about electric circuits held by first year scierciication students admitted from
high schools which followed the NCS.

* An OBE-based intervention will significantly allete alternative conceptions
about electric circuits held by first year scierciication students admitted from

high schools which followed the OSC.
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« Students who studied under the NCS will demonstsagmificantly higher
learning gains after exposure to an instructiontdrvention using activity-based

instructional approaches, within the aegis of OBE.

3.4 DATA COLLECTION
3.4.1 RESEARCH INSTRUMENT

The Electric Circuits Concept Evaluation (ECCE)t tems developed by Prof David
Sokoloff to assess students’ understanding of nspkuit concepts (Sokoloff, 1992).
The questions assessed students’ understandingriegnt and potential difference in
simple series and parallel circuits. During the elegment of the test, Prof David
Sokoloff administered it during the spring term1892, both as a pre and post-test to
students in one lecture section of the physicss(PHYS 203) at the University of
Oregon where it was found that students did nottenasmple circuits by a traditional
instructional approach. Using the ECCE test McDétrand Shaffer (1992) as cited by
Sokoloff (1992) found that the pre- and post-teagghowed dramatic gains in students’

understanding of current and voltage in simpleesesind parallel direct current circuits.

The validity and reliability of the test were edished by Engelhardt, (2004), who
examined the feasibility of assessing studentsceptual understanding and potential
use in evaluating the curricula using the ECCE. tése Kuder-Richardson formula
20(KR-20) was found to be less than 0.70 becaustwfdiscrimination and high

difficulty indices. The low average discriminatiealues indicated that the test is does

indeed uncover students’ alternative conceptiormtéht validity was established by
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presenting the test and its objectives to an ina@éget panel of experts to ensure that the
domain was adequately covered. The panel took ébeand matched items with its
objectives. This process yielded an agreementHeranswer key as well as for the

objectives. The researcher was granted permissidhebauthor to use the test.

Eleven questions were taken from this test to priavgeted alternative conceptions
regarding electric circuits for this study. Theabllity coefficient for the assembled test

is reported on in section 3.4.3.

The test (see Appendix A) developed and utilisedhis study was administered to
hundred (100) first year university science edwrasitudents. The students were enrolled
for the Bachelor of Education (B.Ed) programmeha Faculty of Education, and were
registered for the module Electricity and Magnetisiilme test probed the learners'
alternative conceptions about electric circuitse Budents were allowed sixty minutes
(Lhour) to complete the test. The researcher sigeehthe writing of the test to ensure
that the students understood all the questions ieasurement of any instrument that is
used is that it must be valid and reliable (LeedyD&nrod, 2001:203). This matter is

briefly discussed below.

The items in the test used in this study were ctedpdb cover the objectives of the study
(section 1.4), and focused on alternative concaeptithat students possessed about
electric circuits. One mark was allocated for eatlvice and three marks for the

motivation.
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3.4.2 Validity of the instrument

In general, the validity of a measuring instrumeam described as the extent to which the
instrument measures what it is supposed to medkesdy & Ormrod, 2001:98). The
researcher establish validity of the instrumentlsgussing the questions in the test with
the study leader. Subsequently, the draft quesfiaper was peer-reviewed by a
researcher at another university for content glidihis researcher was served with the
study guide and module outline for the Electricipd Magnetism module. The
instrument assessed whether the intervention giyraised in the three activity-based
lessons enhanced conceptual development in eledtdaits to be in line with the

hypotheses (section 1.5) and the objectives (sedtid) stated.
3.4.3 Reliability of the instrument

The reliability of a measuring instrument entalle extent to which it yields consistent
results when the characteristics being measureeé hav changed (Leedy & Omrod,
2001:98). The motivations were considered to beabld measures of students’
understanding more so than the assumptions drawplysion the basis of the students’
choices from the multiple choice test. The splif k@dd-even) reliability coefficient of

the entire test was computed, using Spearman-Bifownula and it yielded 0.68.This

reliability coefficient of large than0.68falls withan acceptable range.
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3.5 ACTIVITY-BASED INTERVENTION

On the basis of the identified alternative conaepj interventions consisting of activity-
based lessons were implemented for a period ofnesks (Appendix B) comprising 1.5
hour sessions. A total of 9 hours of contact irgation time was used. The identified
alternative conceptions were incorporated intodéeelopment of the intervention using
them as the basic building blocks for understandingorder to ameliorate alternative
conceptions held by the students, the intervenfalowed the order proposed by
Lemmer and Lemmer (2005) i.e. progression from exngl to conceptual activities
and, final to formal problems. The intervention weeloped by the author. His own
ideas and activities were integrated with examplgen in the study guide by Watson
(2003) and Wesi (2001). The activities were alsofgomed in groups so that co-

operative learning could take place.

For the activities a problem was posed that thenéxa had to solve in groups. The
contextual and conceptual activities utilised ttrategies of verbalisation and analogical

explanations.

In the contextual problem, students were givencgdbé analogy (Appendix B). They
had to answer questions related to the bicycle ogyal During the post-activity
discussion, the researcher introduced the concelgstrical resistance, battery, current

intensity, electric charges, electric field, eleatotive force (emf) and the Law of
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Energy Conservation. With the acceptance of théoggastudents would have been able
to understand and accept the interpretation oftr&decircuit experiments. After the
students had understood the contextualised coneemisprinciples from the bicycle
analogy, they were able to explain emf, the fumcté the battery and the law of energy

conservation.

To ensure conceptual understanding of electricstasce, battery, current intensity,
electric charges, electric field, an emf, a congalpproblem (experiments) was used to
conceptualise these concepts. This analogy isecelead a move from contextual to

conceptual development.

As a way of preparing them for the second phaseclwtiocuses on conceptual
development. The researcher linked use of analdpiegcle analogy) and modeling to

foster a move towards the contextual problem.

In the first contextual problem (Appendix B), thedents were given a bicycle analogy
and the researcher together with the studentssiisdunow energy is transferred when a
bicycle is pedaled. When the bicycle is pedaled/loen the pedal is pushed pushing the
pedal with a constant force and with constant atesa(electrical resistance), the flow
rate of the wheels (current intensity) will be th@me at each point (no losses). The
pedals (battery) maintain the movement by tiring thuscles (energy exhaustion of the
battery). The chain which serves as a link (itike kelectric charges) moves slowly but

the energy (the pushing on the pedal) is instaathilable. The energy is only
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transferred from the source (pedal) to the useeél) when the links move. The links
never get lost or are used up and this is how L&wEwergy Conservation was
introduced, and the concept of electric field wis® &rought in. it was explained that a
cell is a devise which separates + and — chargeglzarge the separation in the cell sets
up and electric field between the charges. Furtligeussion made it clear that when a
disaster happens like the chain breaking, the stad®resaw that the wheel of the
bicycle would still rotate for a while. In applyirtgis example to the notion of electrical
circuit they could understand that the bulb maytiocore shines for a little while after its
source of electricity has been cut off. This coditted their normal experience with

electrical switches.

Correspondence between the Bicycle analogy and argile Electric Circuit

Bicycle Analogy Electric Circuit

Pedals Source of energy (battery)
Wheels Bulbs

Muscular fatigue of person Wearing out of tlagdry
Chain Electric charges

It was explained that a battery is a device whighverts chemical energy into electrical
energy on a continuous basis, and which tries timtaia a constant potential difference

across its terminals.

132



In very broad terms, a battery comprises of a chalmieaction that is in some way
constrained to create an electrical current. Angnaical reaction is caused by electrons
moving between atoms. Clearly, when all the chelteagents that in the battery have
been used up (i.e. they have all completed the ida¢meaction, so there are no more
unreacted chemicals left waiting to form the reagti then there will have no more
electrons to move from one reagent to another, thod the battery is dead (worn
out).Once an explanation for the battery’s weaonngwas understood, the crucial point

of acceptance was students’ recognizing that ttychd speed was the same everywhere.

With the acceptance of the above analogy, studeets able to understand and accept
the interpretation of the electric circuit experimhéthe current is the same everywhere,

although the battery wears out).

According to Michael (2003), “learning is most effiee when the concepts under
consideration can be aligned with one’s presentrstdnding or knowledge”. In this

sense analogies are useful because they allowngtutie learn intuitively. Analogies

may be used in two ways. First, they may be useal lasdge between familiar and new
situations. The success of this strategy dependsotnthe students’ understanding of
the familiar situations and on the persuasivendsshe argument that draws out
similarities between the two situations. The secasd of analogies is in representing

abstract ideas in terms of concrete or physicalcsires. The success of the second
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strategy depends largely on whether the concraietstes that are used fall within most
students’ life experiences, as well as on the @sisaness of the argument that maps

them to the abstract idea under study (Michael3200

The use of analogies as a cognitive tool can bedon almost all societies and cultures
and at almost any time in human history. Analogtbaiking is a way of understanding
new or novel situations by building models basedome’s existing knowledge of
familiar scenarios (Michael, 2003). The new sitoiatmay, at least superficially, could
be quite unlike the familiar domain, but relatioppsh among elements of the new
scenario may closely resemble relationships shiayeelements of the familiar domain.
The familiar domain is referred to as the sourca@ayue, the new domain as the target

analogue.

Analogies can be useful but if they are not welbsgn could give incorrect information
to students, or even create further alternativeeptions. It is important to keep in mind
that if teachers describe what electricity is likeey should use a useful and appropriate

analogy.

In the second phase, students used experimentsniejgtualise basic concepts of a
complete circuit, current, potential differencesistgance and electromotive force (emf).
In this phase, the concept of equivalent resistavace developed and applied to parallel
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and series circuits. The students were also inteduo cells in series, the connection of
light bulbs in series and parallel. They were asked to record the brightness of the
bulbs in the first experiment when the number disoeere increased and on Part 1 of
the second experiment when they increased the nuofliilbs and recorded the bulbs’

brightness on the work sheet. In Part 2, the stisdeere asked to measure the current
strength and potential differences across the itisdement. When they read a series of
potential difference, keeping the one pole of tladtdsy and changing the other to

different points along the circuit, a noticed them in potential difference whenever a

resistor (bulb) was added. Subsequently, the stadeere introduced to concepts such
as current, potential difference and resistanceneyTwere encouraged to use both
deductive and inductive explanations to synthesigse concepts. The conclusions
arrived using inductive reasoning in Experimentaéet that an increase in the number
of cells led to an increased in the brightnesshef bulbs in a series connection. The
relationship that could be deduced is that if thenbers of cells in increased while the

temperature remains constant the voltmeter reaahidgammeter reading both increases.

Deductive explanations were used in Experimentr2 havhere the numbers of bulbs in
series connection was increased. They came tseetat in a series connection, when
the number of bulbs increases resistance alsoasese The conclusion drawn from this
known observation is that the bulbs will be dimnfieme were to increase them in series

connection.
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In order to deal with persistent conceptual diffies the researcher used conceptual
change strategies to confront students’ alternatoreceptions. For example in question
2, there was a persistent conceptual difficulty elgnthat of predicting the brightness of
the bulbs as an identical bulb was added in pédraf\spects of learners’ initial

knowledge that contain elements of the physics eph¢i.e. productive conceptual

resources) have been identified and refined .Learmere then guided to generalize
towards a conceptual understanding base on théasiies and differences in a variety
of selected everyday and classroom experiencethisnway, physics knowledge was
grafted onto the learners’ experiential knowledge tlaey systematically developed

coherent conceptual knowledge.

1) In the third phase, learners were asked to cetemgbrmal problems. For example,
they were asked to predict the brightness of thiesbloly referring to potential difference,

current and resistance.

Bulb A glows brighter than bulb B when both are mected to a 12V source as indicated

in Figure 3.1.
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Figure 3.1 Diagram for bulbs connected in series

The same bulbs are now connected to the same bRrdesas indicated in Figure 3.2.
| | v
RIR

&

Figure 3.2Diagram for bulbs connected in parallel

When bulbs are connected in series bulb A glowghiter than bulb B, because the power
at bulb A is greater than the power at bulb B (powehe rate at which work is done or
number of joules of energy transferred to an elémn@ery second). The resistance of
bulb A is greater than the resistance of bulb B{R=and I is the same in each bulb).
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In Figure 3.2 it is showthat whel they are connected in parallel, current (I) at A is
greater than theurrent (1) atbulb B, because the resistance (R) of A is greater tha
resistance (R) of bulb Bhe power (P) at bulb A is less than t@wer (P) ¢ bulb B
(P=VI) and if the potential difference (V) is the same for k, then lulb B glows

brighter than bulb A).

2) In this formal problem students were introdt to the application of hm’s law where
they were asketb calculate the internal resistance of the by, the emf and the tot

resistance of the circuit.

¢ 6Q

6Q)

Figure 3.3 Circuit diagarmfor problem 2.

In the above circuit, the ammeter reads 2A whenrsthigch S is open and 3A when it

closed below the circuit. Each resistance hasweof 6Q. Calculatethe following

1. The internal resistance of the bat

2. The emf of the batte and
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3. The total resistance of the circuit

A number of methods of investigation were used vathriew to ameliorate students’
alternative conceptions and to bring them towardsemprofound understanding of
scientific conceptions. The following model/procest®w the methods used to improve

students understanding during the activities.
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Assessment of prior knowledge (question and answer)

Alternative conceptions identified

l

Historical developments of concepts

y

Building of new scientific concepts

Activities /exercises

A 4

Check the extent to which or whether alternativa@sceptions have been alleviated

Application of knowledge

Evaluation

A model used to improve the students’ understanding
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Questions were posed to students and these werasdexl during class: The italics

represent student answers.

Is emf and internal resistance (r) always constant?

“No the emf and internal resistance is not constagtause the battery gets used up”
What is the reading of a voltmeter across an opstcls (S)?

“The reading across switch S is zero because thrers not flowing”

What is the reading of a voltmeter across a clesatth (S)?

“The reading across switch S is not zero becauseutrent is flowing”

After discussions were held with the researcheatteznative conceptions of the students
were identified, for example emf and internal resise are not constant and the reading
of voltmeter across switch S is zero. The researdn&oduced the historical
developments of concepts (emf and potential diffee¢ to provide students with more
profound knowledge, because this knowledge empostadents to develop independent
thinking, thereby stimulating their interest andtiing confidence in them. After that,
alternative conceptions were used as the buildilugkls of scientific conceptions.
Students were introduced to an open and closedtswihe conclusion made about open
switch was that in parallel, potential differencerass the other branch is equal to
potential difference across open switch, they wase asked to calculate the internal
resistance to check if it is not constant. This wadertaken in order to ameliorate the
alternative conceptions held by the students. At/ were given to students and then

the researcher together with the students checkedther or not alternative conceptions
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were indeed ameliorated. The students applied ledyd, for example, they put internal

resistance (r) as a separate resistor in seribstiatbattery and solved the two equations
simultaneously. After that students evaluated theswers and arrived at a number of
some conclusions, for example emf and internaktasce are always constant (refer to

Appendix C, problem 2 for the solution).

3) In the last formal problem students were inticetlito an application of Kirchhoff's
rules. They were asked to solve the circuit foe¢hcurrents;| I, and b, assuming that

the terminal voltage was equal to the emf for dzettery

50 Q

a paod | Y1 b

00 Q

Fligure 3.4. Circuit diagram for problem 3.

The model used to ameliorate alternative conceptiorformal problem (2) was also

used in this problem.
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The first difficulty posed by this problem whethematters which direction, left to right
or right to left, has been chosen for each cuantng our dicussion we found that it
does not matter, if we initially select the wrorigedtion for a current.The value obtained
for that particular current will turn out to benagative, indicating that the actual current
is in opposite direction.The second diffulty wasicerned with the following; when we
place the positive (+) and negative (- ) signthatends of each resistor ,does it matter
which end is positive and which is negative? Isvfaund that yes, it does. Once the
direction of the current has been selected, thadr-asigns must be chosen so that the
current proceeds from the + end toward the — ertiefesistor.The third difficulty was
concerned with this about,when we evaluate thenpialedrops and rises around a closed
loop,does it matter which direction , clockwise amunterclockwise, is chosen for the
evaluation? During the discussion it was found tihadloes not matter because the
direction is arbitrary. If we choose a clockwiseedtion for example, we will have a
certain number of potential drops and rises. Itt@other hand for example we choose
a counterclockwise direction, all the drops becoises, and therefore it does not matter

which direction is picked for evaluating them.
A number of points were given to improve studemdarstanding. These are:

» Draw the current in each branch of the circuit. @3® any direction. If your
choice is incorrect, the value obtained for theremntr will turn out to be a

negative number.
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» Mark each resistor with a positive sign at one and a negative sign at the othe
end, in a way that is consistent with your chomethe current in Step 1.Outside
the battery, conventional current is always diredtem a higher potential ( +)

toward a lower potential (- ).

» Apply the junction rule and the loop rule to thecuit, in the process obtaining

as many independent equations as there are unkvenatles.

» Solve the equations obtained in Step 3 simultarigdasthe unknown variables

(refer to Appendix C, problem 3 for the solution).

3.6 PILOT STUDY

A pilot study was conducted during the second s&med 2010, to determine whether
the proposed study was viable. The pilot study s$aropnsisted of thirty (30) first year
science education students at the participatingeusity. In the pilot study the entire
research procedure was carried out, which includedadministration of a pre-test and a
post-test, and the analysis of the data colle¢t#ldwing closely the procedures planned

for the main study.
The aim of the pilot study was to:

() Identify alternative conceptions and other teag difficulties about electric circuits

experienced by first year science education stsglent

(ii) Identify ambiguous and unclear items in thetrument;
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(iif) Test the intervention and sequence of aaegitaimed at accomplishing conceptual

change.

While the students needed to make quite an effodampleting the test it was explained
for that although their scores on the test wouldaoaint towards the course, their scores
will be confidentially returned to them. This woultksist both themselves and the
lecturer to gain insight into the degree and typeftort required of them to understand
electric circuits. Ambiguous and unclear items widentified, leading to improvements
to both the instrument and the interventions ofrtfeen study. The duration of the pre-
test and for the post-test was an hour in the giiady. To enable meaningful pre/post -
test comparison, the time allowed given to studemtsomplete the pre-test and the post

test must be the same.

3.7. MAIN STUDY

The main study was conducted two weeks after that ptudy, following the same
procedure as described for the pilot study. To éwaintamination between the groups
students were not allowed taking either the predepost-testing anonymously and they
had to indicate whether they were NCS or OSC stisddine researcher took care that
all question papers were returned, and verifiech seturn by counting those given out
against those returned. The main study sample stedsof hundred (100) first -year

physics education students at the participatingersity.
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3.8 AVERAGE NORMALISED GAIN

According to Meltzer (2002), a single examinatioe.g( only a post-test) yields
information about a learner's knowledge state atmoint in time. The primary interest
of instructors in learning is transition betweeatss. In addition to being inadequate by
itself for measuring that transitional performargejngle examination might be strongly

correlated with a learner's pre-instructional prapan and knowledge.

Thus, in order to assess learnipgr sejt is necessary to have a measure that reflects the
transition between knowledge states, and which &amaximum dependence on
instruction, with concomitant minimum dependencelesrners' pre-instruction scores
(Meltzer, 2002). In addition, the ideal measure lddee reliable if minor differences in
testing instruments s vyielded approximately the esawalue of learning gains.
Furthermore, a measure of learning gain shoulcehabte so that simple modification of
the testing instrument would not lead to widelypdisate results (Meltzer, 2002). The
absolute gain (post-test minus pre-test) scorestéodorrelate negatively with pre-test
scores and is also an obstacle in isolating a meaduearning from confounding effects
of pre-instruction state (Meltzer, 2002). One wdydealing with this problem is to
derive a measure that normalises the gain scoaemmanner that takes some account of
the variance in the pre-test score. The use of sugteasure in physics education was
introduced by Hake (1998). This measure is called &verage normalised gain.

According to Hake (2002a:3), the average normalgad affords a consistent analysis
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of pre- and post-test data over a diverse learapulation. The average normalised gain

can be calculated by means of the following formula

Average normalised gain (<g>) = Actual learningngdivided by Maximum possible
gain. The difference of the pre- and post-test gr@ages gives the actual learning gain.
The maximum possible gain is calculated as thesigiffce between the actual gain and
the maximum possible gain (100%). Dividing the attgain by the maximum possible

gain gives the average normalised gain, < g>.

Overall, average normalised gain is regarded asiéhrbetter indicator of the extent to
which a treatment is effective-more so than isegithe actual learning gain or the post-
test results alone (Hake, 2002b: 2; Meltzer, 2002je treatment (e.g. an intervention)
yields an average normalised gain larger than Or3af course, the course can be

considered to be in the "interactive-engagemeng’z@ake, 2002b).

The best empirical support for the use of the ntised gain as a reliable measure is
most likely lodged in the fact that <g> has now rbeketermined for literally tens of
thousands of learners in many hundreds of classesiwide, with extremely consistent
results (Hake, 2002a; Meltzer, 2002). The valuesgt observed for both traditional
courses and those taught by using interactive emgeagt methods both fall into
relatively narrow bands that are reproduced witbagregularity for classes at a broad

range of institutions with widely varying learneerdographic characteristics (including
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pretest scores). This provides a strong argumexttribrmalised gain <g> is a valid and

reliable measure of learners' learning gain duedtsuction (Meltzer, 2002).

A t-test is a statistical examination of two popida means. A t-test in this study was
used to assess whether the means of the two gevapsatistically different from each

other.

3.9 ETHICAL CONSIDERATIONS

Given that this was an Action Research Projectlinug the researcher and his students,
a number of pertinent ethical issues had to beideresl. The researcher sought the
support of the students by emphasising the impoetast the research project and its
benefits. A letter of consent was given to the shig, and they all accepted to participate
in the study (see Appendix C for a-sample of thitel). The researcher also pointed out
that, it would have been to their disadvantag@efytchose not to take part in the study,
because the study was part of their curriculum, tired researcher believed that the
planned intervention would be beneficial for addimeg the group’s alternative

conceptions and learning difficulties. The issueswanfounded by the research design
being a one—group pretest-posttest research desilgith meant that there was no
alternative group to which the students would haetonged, should they not have
wanted to participate in the study. These circuntss, therefore, meant that a decision
not to participate in the study would have disadaged the students in—so—far as their
performance in the module (which was part of thericulum) was concerned. So,

although informed consent was obtained from all paaticipants, the choice to
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participate or not to participate may have beem seehaving been manipulated. All the
information provided was considered completely mwmrftial; indeed, the name of the
participants were not included or in any other weagociated, with the data collected in
the study. Furthermore, because the interesti®fthdy was in the average responses of
the entire group of participants, individual pagants were not identified (nor were they

identifiable) in any way in any written reportstbfs research.
3.10 SUMMARY

In this chapter the research design of the studyjastification of action research as a
technique for determining and rectifying learneigérnative conceptions about electric
circuits have been presented. As explained in tfapter, the intervention consisted of a
sequence of six activity-based lessons that pregceffom contextual, to conceptual, to
formal problems related to electric circuits. Tiverage normalised gain used to measure
the effectiveness of the intervention was motivaiad defined. The results of the study

are presented and discussed in Chapter 4.
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CHAPTER 4
RESULTS AND DISCUSSION OF RESULTS

4.1 INTRODUCTION

This chapter presents the major findings of thiglgtin accordance with the research
objectives and hypotheses. As a first point ofadepe, the biographical profile of the

respondents is presented. The findings to theareseobjectives are then presented;
starting with the findings related to the identifialternative conceptions about electric
circuits amongst first-year science education sitgleSecondly, the effectiveness of the

interventions developed is presented and discumseioe basis of three hypotheses:

* An OBE-based intervention will significantly allete alternative conceptions
about electric circuits held by first- year sciemckication students admitted from
high schools that followed the NCS.

* An OBE-based intervention will significantly all@te alternative conceptions
about electric circuits held by first year sciemckication students admitted from
high schools that followed the OSC.

» Students who studied under the NCS will demonstsagmificantly higher
learning gains after exposure to an OBE-basedvien¢ion, compared to those

who matriculated from the OSC.
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The field of electric circuits was the topic setgtto be investigated in this study. The
motivation for this choice is that this is a topibere there is evidence of particular
learning difficulties. In order to address, them activity-based intervention was

followed over two weeks.

A pre-test was written at the beginning of the imation. The two weeks’ intervention
followed and a post-test was written after the rvgation. The interventions focused
explicitly on the alternative conceptions identffiby the literature and the pilot study.
These alternative conceptions were explicitly assked. The intervention took place

during the scheduled lecturing timetable.

4.2 BIOGRAPHICAL PROFILE OF THE RESPONDENTS

The number of female students who participatecis study from the NCS group was
31(62%) and 30 (60%) from the OSC. The number ofeshavho participated in this
study from the NCS was 19(38%) and 20 (40%) fronCO8 total, the number of males
who participated in this study was 39 (39%) aga6igi61%) females. The number of
female students was higher than the number of statkents and most of these students
were not repeaters. The official language of irttom at the university where the study

was conducted is English.
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4.3 PRE-TEST RESULTS AND IDENTIFICATION OF ALTERNAT IVE

CONCEPTIONS

The first research objective was concerned with ithentification of alternative

conceptions held by first year university sciencuaation students about electric
circuits. The prevalent alternative conceptiongtie) to electric circuits were identified
from the qualitative analysis of the explanatiomgeeg by the students on the pre-test,

from both groups of the main study.

4.3.1 Performance of NCS and OSC groups on the ptest

The quantitative results on the multiple—choice stjo@s of the pre-test for NCS and

OSC are illustrated in Figures 4.1 and 4.2.

In the response distribution graphs the corregbarses are indicated in blue and the

incorrect ones is indicated in red.
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Figure 4.1: Pre—test results for NCS students (n=50)

Figure 4.1, shows that for the majority of questiothe percentages of incorrect
responses (indicated in red) were higher than treect responses (indicated in blue
except for questions 1, 3 and 11). In most of thestjons, the students performed badly-

scoring below 50%.

The pre-test results for the OSC students are piedén Figure 4.2.
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Figure 4.2: Pre-test results for OSC students (n=50)

In Figure 4.2, as was the case for Figure 4.1 pt#reentages of the incorrect responses
were also higher for most of the questions, exé@ptuestions 1, 11, and 14. In most

guestions, the OSC students also performed poorly.

4.3.2 Comparison of the performance of the NCS an@SC groups on the Pre-test

Figure 4.3 presents a comparison of the two groegarding their performance on the

pre-test. The NCS students are represented in d&haethe OSC indicated in red.

Generally the performance of the two groups diddiffer significantly on most of the

guestions.
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Figure 4.3: Comparison of the pre-test results for NCS (n=6@) OSC (n=50)students
In Figure 4.3, The OSC and NCS students perfamedame on most questions.

The t-test comparison was conducted to ascertaiedhnivalence of the two groups at the

onset of the investigation. The results are prteseim Table 3.
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Table 3: Comparison of pre-test results for NCS and OS@esits

Group Means Sd df t to Results
NCS 31.7 24.5

26 2.04 0.01 P> 0,05
oscC 33.1 23.8

The t-test did not yield a statistically signifi¢atfference between the pre-test scores of
the two groups. The mean for the NCS pre-test3lag (sd= 24.5) while the mean for
the OSC pre-test was 33.1(sd= 23.8), p >0.05. #dsswas conducted to ascertain the
equivalence of the two groups at the onset of thesgtigation. Thus, this result is
important in that any difference between the twougs that may be observed after the
intervention may only be attributed to the intetv@m and not to any pre-existing

conditions.
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4.4 ANALYSES OF PRE-TEST RESULTS FOR NCS AND OSC SUDENTS

A discussion of the analysis and the identificattdrpossible alternative conceptions on
each question in the pre-test (questions 1 — Iwdoelow (see Appendix A for a copy

of the pre-test and complete multiple choice qoes).

For each question a table is presented which iiehtlternative conceptions from the
guestion with one or more quotations from the gstiglemotivations to illustrate the
point. Furthermore, the number of students froratal of 50 OSC students and 50 NCS

who made that choice is also indicated.

Question 1

Which bulb will glow in the following scenario? Qjem A or B

0

Option A was the intended option. One alternatbamception unfolded from the

motivations, as presented in Table 4.
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Table 4: Alternative Conceptions Identified from Question 1

Alternative Conceptions and “Quotation(s)”

Numberf ®SC
Students (n = 50)

Number

of NCS

STUDENT (n = 50)

glow”

() There is no need for a circuit to be closec
order to work.

“We don’t need a closed switch for the bull

“The bulb can glow without a closed swit
in the circuitas long as we have wires”

1 in

19

Alternative conception (i) listed in Table 4, appeto emanate from the notion held by

students that connecting wires do not amount witcls. Students thus think that a bulb

will glow when it is connected to only one of thattery terminals, thereby revealing the

idea of a battery as being like a fountain wherly ome terminal is needed to produce

current. The comparisons of the pre-test resutpegsented in Table 5.

Table 5: Comparison of question 1 pre-test results for M@& OSC students

Wrong Right P Phi
Question 1 NCS 10 (20%) 40 (80%) > 0.05 -0.025
0SC 11 (22%) 39 (78%)
Total 21 (21%) 79 (79%)
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The percentage of NCS students who answered gnestrarong was 20% against 80%
who got it right. This was close to the 22% OSQlsthis who answered the question
wrong and 78% who got it right. The Chi-square tgslded a probability greater than
0.05, meaning that there was no significant difieeebetween the two groups in their

performance on this question.

Question 2

What happens to the brightness of the bulb asentichl bulb is added in parallel? Does
it

A. become brighter,

B. become dimmer, or

C. remain the same?

Option C was the intended option. One alternateaception unfolded from the

motivations, as presented in Table 6.

159



Table 6: Alternative Conception Identified

from Question 2

Alternative Conceptions and
“Quotation(s)”

Number of
Students (n = 50)

OSC

Number of NCS
student (n = 50)

(i) Difficulty in predicting the brightness @
bulbsin series and parallel connections.

“The same amount of flow has to light tw
as many bulbs,and we have added m
resistance to the current”

“The brightness will be the dimmer becay
they will share the same current”

“When the bulb are connected in parallel
means current passess straight to the I
without delayand they become brighter”

—

%

ore

sk6

)]
ulb

26

20

The alternative conception (i) listed in Table Gaar to emanate from the fact that

students think that current is shared between caems in a circuit. If identical bulbs

are connected in series in a circuit, studentsriafisat current is not conserved and is

shared equally among the bulbs. In a series cjrthatterminals of one bulb are joined to

the terminals of another bulb through a wire, mgkame path for the flow of electrons.

In a parallel circuit, the wires of each bulb anecly connected to the cell or battery or

through main wires to the cell or battery. Eachbbhbs its own path for the electric

current to go through. The comparisons of the pse+esults are presented in Table 7.
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Table 7: Comparison of question 2 pre-test results for MGS OSC students

Wrong Right P Phi
Question 2 | NCS 44 (88%) | 6 (12%) <0.05 0.123
0SC 41 (82%) | 9 (18%)
Total 85 (85%) | 15(15%)

The percentage of NCS students who answered gnestong amounted 88%, against

6% who got it right. This figure was significantijfferent to the 82% OSC students who

answered the question wrong and 18% who gaght; p<0.05 from the Chi-square

test, meaning that there was a significant difiee between the two groups in their

performance on this item.

Question 3

If the switch is open, what happens to the restgtari the bulb (resistor)?

0

161



A. The resistance increases

B. The resistance decreases
C. The resistance becomes zero

D. The resistance stays the same

Option D was the intended option. Two alternatognceptions unfolded from the

motivations, as presented in Table 8.

Table 8: Alternative Conceptions Identified from Question 3

Alternative Conceptions and “Quotation(s)” Numberf oOSC| Number of NCS

Students (n =50) | Students NCS (n &
50)

(i) Concept of resistance

“Resistance will increase because of [th® 8

current flow”

“If there is no current flowing in the circuit54 60

they will be no resistance”

Alternative conception (i) listed in Table 8 appedo emanate from the notion that
students failed to realize that resistance of apmrant depends only on its own
properties. Consequently, they either considerattttere would be no resistance if there
is no current, or failed to differentiate betwebr tquivalent resistance of a branch and
an individual resistance within the branch. The pansons of the pre-test results are

presented in Table 9.
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Table 9: Comparison of question 3 pre-test results for MG& OSC students

Wrong Right P Phi
Question 3 | NCS 22 (44%) | 28(56%)| >0.05 0.020
0SC 2 1(42%) | 29 (58%)
Total 43 (43%) | 57(57%)

The percentage of NCS students who answered gneéstimong was 44%, against 56%

students who got it right. This was a similar trevith the OSC students:42% answered

the question wrong against 58% who got it right0.05 from the Chi-square test,

meaning that there was no significant differeneéMeen the two groups in terms of

their performance on this item.
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Question 4

N

Gap

Bulbs 1and 2 are identical. Then:

A. Vga=V1=V=1V
B .Vgap :V]_:V2:0V
C. Vgap:V]_:V2:3V

D. Vgap :3V, V1:V2:0V

Option D was the intended option. One alternatbemception unfolded from the

motivations, as presented in Table 10. The thrematjons amount to one alternative

conception.
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Table 10: Alternative Conceptions Identified from Question 4

Alternative Conception
and “Quotation(s)”

SNumber of OS
Students(n =50)

Number of Students NCS
(n =50)

()Voltage and current

“Voltage is something6 5
that flows.”

“If there is no current in| 33 31
a circuit, then there is np

voltage.”

“Since current exist in a7 3

closed circuit,
zero potential in an ope
switch.”

there is

"4}

=)

Alternative conception listed in Table 10 appearsemanate from the notion that

students tend to regard current and voltage assimilnature.Students find it dif ficult to

accept that voltage across bulbs in parallel isabt¢m the supplied voltage while the

(constant) current in the circuit is divided &iudents thut believe that current and

voltage should always appear together, and thatsturrent can only exist in a closed

circuit, there is zero potential difference in gren circuit. The comparisons of the pre-

test results are presented in Table 11.
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Table 11: Comparison of question 4 pre-test results forams OSC students

Wrong Right P Phi
Question 4 | NCS 46 (92%) | 4 (8%) >0.05 0.035
0SC 45 (90%) | 5 (10%)
Total 91 (91%) 9(9%)

The percentage of NCS students who answered goeétwrong was 92% against 8%
students who got it right. This was similar to 8@% OSC students who answered the
guestion wrong , against 10 % who got it righ#0.05 from the Chi-square test,
meaning that there was no significant differenegwieen the two groups in their

performance on the item
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Question 5

Questions 5-12 refer to the circuit below in whiolr identical bulbs are connected to a

battery. (The switch S, is initially closed as show in the

—I| -

o ©

3

diagram
Which of the following correctly ranks the bulbshirightness?

A. All bulbs are equally bright

B. Bulb 1 is brightest: bulb2 next brightest, bulb8xt brightest and bulb4
dimmest

C. Bulb 1 is brightest; bulbs2 and 3 are equaligtir and each is dimmer than
bulbl, bulb4 is dimmest

D. Bulbs 1 and 4 are equally bright; bulbs 2 anaf& equally bright, and each is
dimmer than bulbl or 4

E. Bulbs 2 and 3 are equally bright; bulbsl andetegjually bright, and each is

dimmer than bulb 2 or 3
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F. Bulb 1 is brightest, bulb 4 is next brightesitlds 2 and 3 are equally bright, and

each is dimmer than bulb 4.

Option D was the intended option. Two alternatognceptions unfolded from the

motivations, as presented in Table 12.

Table 12: Alternative Conceptions identified from Question 6

Alternative conceptions and “Quotation(s)”

Number f @
OSC students

Number of
NCS students

(n =50) (n =50)
(i) Consumer model
“Current goes to bulb 1 because it is near the pasierminal of| 8 7
the battery and bulb 2 and 3 shares the currentr&u will start
going to bulb 1 and become weak as it flows throtkghother
bulbs.”
“Current will be shared by bulb equally by bulb hdai4and their
brightness will be the same and bulb 3 and andIPbeidimmer | 11 10
“Current flows to bulb 1 and when it reaches paehltonnections
the potential difference split into two equal have 5 ’
(i) Undifferentiated concepts: Potential and potardifference
“Bulbs 1 is the brightest because the potentildhe highest at 3 3
bulb land bulb 2 and 3 are next and bulb 4 isdbkest due tg
the lowest in potential.”
“Bulb 1 and 4 are in series they share equal pt&ri S 2

Alternative conceptions (i) and (ii) listed in Tabll2 likely emanate from students’

failure to discriminate between concepts ‘potehtehd ‘potential difference’. The
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brightness of the bulbs is mistakenly associatdt thie value of th@otentialat one of

its terminals, rather than with tipetential differencdetween both its terminals.

Students also appear to think that current is aoesuin a circuit. They are current-

orientated, and seem to believe that current letheebattery (which is perceived to be a

reservoir of current) at a particular value andhizdified thereafter depending on what it

encounters in its path. According to this moddlditor no current may return to the

battery.Students thut fail to understand thatentrionly conveys energy to the bulb.

Table 13presents the results of the pre-test casgrarmbetween the NCS and OSC

groups.

Table 13: Comparison of question 5 pre-test results for @& OSC students

Wrong Right P Phi
Question5 | NCS 38 (76%) | 12(24%)| >0.05 -0.048
0SC 40 (80%) | 10 (20%)
Total 78(78%) 22(22%)

The table shows that there was no significant difiee in the performance of the two

groups, p>0.05.
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Question 6
Which of the following correctly ranks how much ent isflowing through the bulbs?

A. All bulbs have the same current flowing througem

B. The current through bulbl is largest, bulb 2tdasgest, bulb 3 next largest and

bulb4 smallest.

C. The current through bulbl is largest; bulb2his $ame as bulb 3, and each is
smaller than bulbl.bulb 4 is smallest.

D. The current through bulbs 1land 4 is the samiy2bis the same as bulb 3, and

each is smaller than bulb 1 or 4.

E. The current through bulbs 2 and 3 is the samig1his the same as bulb 4, and
each is smaller than bulb 2 or 3.

F. The current through bulbl is largest, bulb Aesgt largest; bulb2 is the same as
bulb 3, and each is smaller than bulb 4.

G. None of these is correct

Option D was the intended option. One alternattemception unfolded from the

motivations, as presented in Table 14.
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Table 14: Alternative Conceptions Identified

from Question 6

Alternative conceptions and “Quotation(s)”

Numbédr @SC
students (n =50

Number of NCS
Students (n = 50

(i) Current is shared between component
series circuits

5 in

“Bulbs 1 and 4 must be brighter than bulbs
and 3 because they share the same cur
and they are connected in series.”

5 26
rent

16

“Bulb 1 will have large current and bulbs
and 3 will share the remaining currrent fro
bulb 1 and bulb 4 will have the lowe
current.”

24
m
st

“It is the same current that flows in th
circuit, the brightness of the bulbs will be t
same because they receive equal amour
energy.”

a7
he
1t of

12

“Bulb 1 and 4 will share current equall
because they are in series”.

y4

The alternative conception in Table 14 appearsigprmate from the notion that current is
shared between components in a circuit. If idehticdbs are connected in series in a
circuit, students seem to contend that curremoisconserved and is shared equally

amongst the bulbs.Bulbs that are in series willdsghter than the ones in parallel. Table

15 presents the results of the pre-test compalisbmeen the NCS and OSC groups.
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Table 15: Comparison of question 6 pre-test results for M8& OSC students

Wrong Right P Phi
Question 6 | NCS 34(68%) 16(32%) | >0.05 0.000
0SC 34 (68%) | 16 (32%)
Total 68 (68%) | 32(32%)

According to Table 15, 68% NCS students answeresktiqan 7 wrong, against 32%
students who got it right. In comparison, 68% OS@dents answered the question
wrong, against 32 % who got it right; p>0.05 frdme €Chi-square test, meaning that there
was no significant difference between the two gsoup their performance on this

guestion.
Question 7
Which of the following correctly ranks the potehtigferences across the bulbs?

A. All bulbs have the same potential differenceoasrthem

B. The potential difference across 1 is largestet largest, 3 next largest and 4
smallest.

C. The potential difference across bulb 1 is largBalb 2 is the same as bulb 3,

and each is smaller than bulb 1; bulb 4 is smallest
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D. The potential difference across bulb 1 is theesas bulb 4; bulb 2 is the same
as bulb 3, and each is smaller than bulbs1 and 4.

E. The potential difference across bulb 2 is #mae as bulb 3; bulbl is the same
as bulb 4, and each is smaller than bulbs 2 and 3.

F. The potential difference across bulbl is largaslb 4 is next largest; bulb 2 is

the same as bulb 3, and each is smaller than bulb 4

G. None of these is correct.

Option D was the intended option. One alternatbemception unfolded from the

motivations, as presented in Table 16.

Table 16: Alternative Conceptions Identified from Question 7

Alternative conceptions and “Quotation(s)” Number Number
of OSC| of NCS
students | studentg
(n=50) | (n=50)

(i) Misunderstanding of causal relation betweerrent and
voltage: current is seen as the primary concepthe
circuit, while potential difference is seen as the
consequence of current flow and not as its cause.

“The bulbs are connected to the same battery pateriZD 24
difference across the bulb is the same throughttfcuit.”

“The current has more power at the starting point”. 16 6

“Potential difference in bulbs that are conneciedseries| 7 4
is higher than that in parallel.”
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The above alternative conception most likely arisem students’ failure tounderstand

the correct causal connection betwgetential differencendcurrent Current is seen as

the primary concept in the circuit, while potentidifference is seen as the consequence

of current flow, and not as its cause.Table 17 gtss the results of the pre-test

comparison of the NCS and OSC groups

Table 17: Comparison of question 7 Pre-testresults for M@0 SCstudents

Wrong Right P Phi
Question 7 | NCS 41(82%) 9 (18%) >0.05 0.000
0SC 41 (82%) | 9 (18%)
Total 82 (82%) | 18(18%)

The table shows that the two groups performed idalht on this item, p>0.05.
Question 8
What happens to the current through bulb 1if thigch, S, is opened?

A. ltincreases
B. It remains the same
C. It decreases

D. Not enough information is given
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Option C was the intended option.

motivations, as presented in Table 18.

Table 18: Alternative Conceptions Identified from Question8

One alternateaception unfolded from the

Alternative conceptions and “Quotation(s)” Numb&tumber
of OSC| of NCS
students students
(n=50)| (n =50)

(i) Misunderstanding of causal relation betweemrenut and

voltage: current is seen as the primary concephéncircuit,

while potential difference is seen as the consecgi@h current

flow and not as its cause.

“ If the switch is open the current in bulb 1 wimain the same 10 7

because the bulb is now not in series.”

“ If the switch is open the current in bulb 1 wiimain the same17 14

because the switch will disturb only bulb 3and pts

diffrence will be equal in all the bulbs.”

“If the switch is open the current in bulb 1 witidrease becausel4 15

the current goes up because bulb 3 is short- diecli

The above alternative conception appears to emanabe the students’ failure to

understand the effect of open and closed switchel@bpresents the results of the pre-

test comparison between the NCS and OSC groups.
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Table 19: Comparison of question 8: Pre-test results for MEGOSCstudents

Wrong Right P Phi
Question 8 | NCS 43 (86%) | 7 (14%) <0.05 0.080
0SC 40 (80%) | 10(20%)
Total 83 (83%) | 17(17%)

From Table it is evident that 19,86%NCS studentsaaned question 9 wrong, against
14% NCS students who got it right; 80% OSC studemmswered the question wrong
and 20%

got it right; p<0.05 from the Chi-squést, meaning that there was a

significant difference between the two groups itiperformance on this question.
Question 9
What happens to the current through bulb 2 ifstvéch is opened?

A. It increases
B. It remains the same
C. It decreases

D. Not enough information is given
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Option A was the intended option. One alternatwaception was picked up from the

motivations, as presented in Table 20

Table 20: Alternative Conceptions Identified from Question 10

Alternative conceptions and “Quotation(s)’ Number f |®&lumber  of
OSC students NCS students
(n =50) (n =50)

(1) Incorrect application of Ohm’'s
law::(when potential difference increases,
resistance also increases

Ohm’s law is often expressed as V = IR

“The current in bulb 2 will remain the samd4 13
if the switch is open because bulb| 1
consumes more current than bulb 2.”

“The current in bulb 2 will decrease if thel5 13
switch is open because the current gets [lost
along the way

This alternative conception comes from a topoldbicanistaken interpretation of the
circuit. The conclusion that we can draw from thiternative conception is that the
application of Ohm’s law is not significantly learnecause students do not seem to be
able to apply it in situations that are somewhataeed from those they are normally
presented with when studying the subject.Table Zkgnts the results of the pre-test

comparison between the NCS and OSC groups.
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Table 21: Comparison of question 9 pre-test results for MGS OSC students

Wrong Right P Phi
Question9 | NCS 36 (72%) | 14 (28%)| <0.05 -0.069
0SC 39 (78%) | 11 (22%)
Total 75 (75%) | 25(50%)

The above table shows that the there was a signifdifference between the two groups

in their performance on this question, p< 0.05.
Question 10

Based on your answers to questions 9 and 10.cortipairrent through bulb 2 with the

switch, S, opened to the current through bulb bieethe switch was opened.

A. The current through bulb 2 equalled the curtbraugh bulb 1 before S was opened.
B. The current through bulb 2 was more than hafdiwrrent through bulb 1 before S was
opened.

C. The current through bulb 2 was half the curterdaugh bulb 1 before S was opened

D. The current through bulb 2 was less than hafdiwrent through bulb 1 before S was
opened.

E. Not enough information is given.

F. None of these is correct.
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Option B was the intended option. One alternawemception unfolded from the

motivations, as presented in Table 22.

Table 22 Alternative Conceptions Identified from Questith

Alternative conceptions and “Quotation(s)” Number | Number of
of OSC | NCS
students | students
(n =50) (n =50)

(i) Incorrect application of Ohm’s law:(when potiah difference increases,

resistance also increases.

Ohm’s law is often expressed as V= 1IR)

“The current through bulb 2 now equals current thgh bulb 1 before the switg '16 15

was opened because they will share equal amountroént.”

“The current through bulb 2 is half the current ttugh bulb 1 before the switch was

open because bulb 2 and 3 divide the current db huand bulb 2 will half of bullp

17 6 7

“The current through bulb 2 is less than half therent through bulb 1 before the

switch was open because bulb 1 consumes more ttnambulb bulb 2.This is due9 5

to the fact that current moves from positive teahiof the battery to the negatiye

terminal”.

These alternative conceptions suggest that studakntsot understand the relationship

betweencurrent, potential differenceandresistanceTable 23 presents the results of the

pre-test comparison between the NCS and OSC groups.
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Table 23: Comparison of question 10 pre-test results for MESOSC students

Wrong Right P Phi
Question 10| NCS 48 (96%) 2 (4%) <0.05 0.224
0SC 41 (82%) | 9 (18%)
Total 89 (89%) | 11(11%)

The table shows the results from the Chi-squarewhsre p< 0.05, meaning that there
was a significant difference between the two groupstheir performance on this

guestion.
Question 11
Bulbs 2 and 3 are connected

A. In series
B. In parallel

C. In series and parallel
D. Neither in series nor parallel

Option B was the intended option. One alternateaception was identified from

students’ motivations, as presented in Table 24.
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Table 24: Alternative Conceptions Identified from Questidh 1

Alternative conceptions and “Quotation(s)” Numbef ©SC | Number of NCS
students students
(n =50) (n =50)

(i) Difficulty in identifying series and parallel

connections: when a single element is in serieb wit

two elements connnected in parallel, that single

element is in series with one of the elements |n a

parallel combination.

“Bulbs 2 and 3 are connected in series because the

each bulb is connected to the cell through the svire 10 8

Bulbs 2 and 3 are connected in parallel because

terminals of one bulb are joined with terminals| @f 6

another bulb through a wire making a path for the

flow of electrons.”

The above alternative conceptions arise from stisdeaving difficult recognising the

nature of connections when several elements amvied.Table 25 presents the results of

the comparison pre-test results for NCS and OS@ests.
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Table 25: Comparison of question 11 pre-test results for M8& OSC students

Wrong Right P Phi
Question 11| NCS 10 (20%) |  40(80%) <0.05 0.080
0SC 7(14%) 43(86%)
Total 17 (34%) | 83(83%)

The table shows that20% NCS students answeredigudsit wrong, against 80% NCS
students who got it right. Similarly , 14% OSQd#nts answered the question wrong
and 86% got it right; p<0.05 from the Chi-squarstteneaning that there was a

significant difference between the two groups itiperformance on this question.
Question 12
Bulbs 1 and 3 are connected

A. In series
B. In parallel
C. In series and parallel

D. Neither in series nor parallel

Option D was the intended option. One alternattemception unfolded from the

motivations, as presented in Table 26.

182



Table 26: Alternative Conceptions Identified from Question 12

Alternative conceptions and “Quotation” Number  afNumber of
OSC students | NCS students
(n =50) (n =50)

() Difficulty in identifying series and parallel

connections: when a single element is in seriels tmib

elements connnected in parallel, that single elé¢nsan

series with one of the elements in a parallel

combination.

“ Bulbs 1 and 3 are in parallel because the single

element is in series with one element in paral%? 31

combination.”

The alternative conception in Table 26 appearsrtamate from the students’ difficulty in

recognising the nature of connections when seweahents are involved.When a single

element is in series with two elements connecteplmallel, students often claim that a

single element is in series with one of the elementparallel combinations.The term

‘series’ is used to mean some form of sequentialdther than specific type of

connection. In a series circuit, terminals of onéblare joined with terminals of another

bulb through a wire making a path for the flow t#atric charges.
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In a pararallel circuit, the wires of each bulb diectly connected to the cell or through

main wires to the cell. Table 27 presents the tesafl the pre-test comparison between

the NCS and OSC groups.

Table 27: Comparison of question 12 pre-test results for MESOSC students

Wrong Right P Phi
Question 12| NCS 42(84%) 8 (16%) > 0.05 -0.028
OSC 43 (86%) 7 (14%)
Total 85 (85%) 15(15%)

The table shows that the two groups performed &gaalthis item, p> 0.05.

Question 13

Questions 13 and 14 refer to the figure below inctvithree resistors are identicaly R

Re= Rc.

What can you say about the currentirough R?
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R R R
A B C
A = lg, only
B =Ic, only
C=k=Ic
D=lg+Ic
E=lk-Ic

F. None of these are correct

Option C was the intended option. One alternatimeception was discovered from the

motivations, as presented in Table 28.
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Table 28: Alternative Conceptions Identified from Questidh 1

Alternative conceptions and “Quotation(s)” Number f o Number  of

OSC students NCS students

(n =50) (n =50)

() Current is shared between/among components in

series circuits.

“Current gets consumed as it passes from one re:!;d:s1q5 11

the other in series connectiohs.

“Current in the circuit is shared by the resistars
14 15

connected in series.”

The alternative conceptions in Table 28 appeatstbased on the way in which Ohm’s
law is taught_usually by repetitive application t buth little conceptual analysis.Table

29presents the results of the comparison pre-¢ssits for NCS and OSC.
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Table 29: Comparison of question 13 pre-test results for MESOSC students

Wrong Right P Phi
Question 13| NCS 35 (70%) 15(30%) > 0.05 0.022
0SC 34 (68%) | 16 (32%)
Total 69 (69%) | 31(31%)

The 70% NCS students who answered question 13 wnang fairly close to the 68%
OSC students. The value of p is greater than n@&lying that there was no significant

difference between the two groups in their perfarogeon this item.
Question 14

What is the relationship betweenadnd £?
A lg=:Ic
B.ls=>Ic
C.ls=lIc
D. 1g=2 Ic
E. ls=3lc

F. None of these is correct.
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Option C was the intended option. From this iteme alternative conception was

identified as presented in Table 30

Table 30: Alternative Conceptions Identified from Questich 1

be divided into three parts.”

Alternative conceptions and “Quotation” Number  afNumber of
OSC students | NCS students
(n=50) (n=50)

(i)  Current is shared between components in serie

circuits.

“The resistors areconnected in series so the currei 4 )

The alternative conception in Table 28 and 30appeabe based the way Ohm's law is

often taught and learned .Table 31 presents thdtsesf the pre-test as a comparison

between the NCS and OSC groups.
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Table 31: Comparison of question 14 pre-test results for MESOSC students

Wrong Right P Phi
Question 14| NCS 30 (60%) 20 (40%) <0.05 0.140
0SC 23 (46%) | 27 (54%)
Total 53 (53%) | 47(47%)

The performance of the two groups differed sigaifiity on this question, p < 0.05. Table
32 summaries the most prevalent alternative coraeptbout electric circuits. Some of

the alternative conceptions appeared in more thamaoaestion.
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Table 32: Summary of alternatives conceptions about electrauiits

AC 1 | There is no need for a circuit to be closedruter for it to work.

AC 2 | Difficulty in predicting the brightness of ld in series and parallel
connections: battery is viewed as a constant safrcerrent.

AC 3 | Concept of resistance: there would be notasie if there is no current

AC 4 | Undifferentiated concepts (voltage and cufreatirrrent and voltage should
always appear together.

AC 5 | Sequential reasoning : that the directionwfent in the circuit and the order of
connections of the bulbs determine the relativghiness of a bulb

AC 6 | Consumer model : that current leaves the hate a particular value and s
modified thereafter depending on what it encouniteiits path.

AC 7 | Current is shared between components in seirigits

AC 8 | Difficulty in predicting potential differencat different points in series and
parallel connections: potential difference in egrconnections is the same
(throughout the circuit)because current that patsesigh resistors connected
in series is the same.

AC9 | Misunderstanding of causal relation betweemerui and voltage : current
isseen as the primary concept in the circuit, wpbdeential difference is seen ps
the consequence of current flow and not as itsecaus

AC 10 | Difficulty in predicting potential differencef an open switch in series and
open switch in parallel: there is a zero poterdiierence in an open circuit.

AC 11 | Incorrect application of Ohm’s law : when @uatial difference increases
resistance also increases. Ohm’s law is often egprbas V = IR .

AC 12 | Difficulty in identifying series and parallebnnections : when a single element
is in series with two elements connnected in pelrathat single element is In

series with one of the elements in a parallel cowuiton.

4.5 STATISTICAL COMPARISONS AND TESTING OF HYPOTHES ES

The second part of this study was aimed at estabfisvhether or not the intervention

led to any significant differences (a) between pihe-and post-tests for each group, and

(b) between the post-test scores of the two growips. results of these are presented

below.
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4.5.1 The effect of the OBE- based intervention ame students from the NCS

Figure 4.4 presents the effect of curriculum inémtion based on OBE principle that

redress the identified alternative conceptionshenstudents from the NCS

The figure below present the post-test resultdNfGE students.

120
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m %(Correct

40 - M % Incorrect

Students Percentage
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1 2 3 4 5 6 7 8 9 10 11 12 13 14
Questions

Figure 4.4: Post-test results for NCS students (n=50)

In Figure 4.4, it is indicated that the percentagfdCS students who answered the items
right are higher compared to those who chose iscoanswers .This shows that there is
an improvement in their results, compared to tlsailte presented in Figure 4.1, where
incorrect responses scored higher percentage iosalall cases. The NCS students

scored less than 50% on questions 2, 9 and 12.

191



Figure 4.5 shows the graph presenting comparisbnthe pre and the post-test scores

where the post-test is indicated in red and thegseis indicated in blue.
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Figure 4.5: Comparison of learning gains of NCS students(n=50)

In Figure 4.5 the graph shows that the studentoqeed better in the post-test,except

for questions 5 and 12.

Comparisons between the pre- and post-test scoere warried out to test the
effectiveness of the intervention on the NCS grodje results are presented in Table

33.
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Table 33: Comparison of pre & post test results for NCS stisle

Group Pre-test-mean | Post-test-mean df te to Result
score score

NCS 31.7 60.6 13 1.76 -35| p<0,05
sd =245 sd =16.2

The t-test yielded a statistically significant diffnce between the pre and post-test
scores. The mean for the pre-test was 31.7 (st §)2and the mean for the post-test was
60.6 (sd = 16.2); p < 0, 05. Therefore there wastadistically significant difference
between the pre-test and the post-test for the §f@8p. This demonstrated that the
intervention was effective. Consequently, the dioe@al hypothesis, as stated, is
accepted. This means that an OBE-based intervemtith significantly alleviate the
alternative conceptions about electric circuitsdhély first year science education
students, admitted from NCS high school curriculdrhis is the result of Hypothesis

1.7.1.

4.5.1.1 Normalised gain scores for the NCS group

According to Hake (1998) and Meltzer (2002) <g>aisnuch better indicator of the
extent to which a treatment is effective than eitllee gain or post-test score alone. For

example, if the treatment yields <g>> 0.3, then ¢barse could be considered to fall
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inthe “interactive zone” Interactive engagement huds promote conceptual
understanding through engagement of students idsh@a and hands-on activities which
yield feedback through discussions with peers amdédachers, all as judged by their
literature description.Thus,as a way of cross-uatig the above statistical comparisons
normalised gain scores were calculated in ordeast®rtain how much the NCS group

benefitted from the intervention. The results ammharised in Table 34.

Table 34: Average normalised gain scores for NCS student§(n=5

Pre-test Mean Scores Post-test Mean Scores  Actgalifo | Average | %Gain
normalised

Gain score

31.7 60.6 28.9 0.41 41

The average score for the NCS group was 34% irptedest and this increased to
61.5% in the post-test, translating into 27% dcpexcentage gain, and an average

normalised gain score of 0.4. This fugure indisdle effectiveness of the intervention.
Actual percentage gain = post-test — pre-test

=60.6 —31.7

=28.9%

Maximum possible gain = Total possible- actuahgai
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= 100- 28.9
=71.1%
Average normalised gain = 28.9% / 71.1%

=041

4.5.1.2 The effect of the OBE- based interventiomahe students from the OSC

Figure 4.6 shows the post-test results for OB@ents where the incorrect answers are

indicated in red and the correct answers are ihelici blue.

100
90 -
80 -
70 A
60 -
50 A
40 -
30 A
20 A
10 -

M % Correct

M % Incorrect

Students Percentage

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Questions

Figure 4.6: Post-test results for OSC students (n=50)

In Figure 4.6, it is indicated that the percentaf®SC students who answered the items

right are higher compared to those who choseriacbanswers .This shows that there is
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an improvement in their results compared to theltegpresented in Figure 4.2.where

incorrect responses scored higher percentage iosalall cases.

Figure 4.7 shows acomparison between the pre angdht-test scores where the post-

test scores are indicated in red and the preiebtue.
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Figure 4.7. Comparison of learning gains of OSC students(#=50

In Figure 4.7, it can be seen that the graph shbaftsthe students performed better on
the post-test, except for Question 11. This isljikdue to the observation that most of
the students have difficulty recognising the tgbeconnections when several elements

are connected.

196



4.5.2Comparison of Pre & Post-test results 0OSC students

The comparison was carried out to test the effenegs of the OSC group intervention.

The results are presented in Table 35.

Table 35: The effect of an OBE-based intervention on stud&nta the OSC curriculum

Group Pre-test-Mean | Post-test-Mean | df te to Result
score score

0OSsC 33.1 62.6 13 1.76 -4.3 p < 0,05
sd =23.8 sd =129

The t-test yielded a statistically significant diféfnce between the pre-test and post-test
scores. The mean for the pre-test was 33.1 (s218) 2nd the mean for the post-test was
62.6 (sd = 12.9), p < 0, 05. Therefore, there wasatistically significant difference
between the pre-test and the post-test for the @8wp, which implied that the
intervention had been effective. Consequently, dinectional hypothesis, as stated, is
accepted. This means that an OBE-based intervemtith significantly alleviate the
alternative conceptions held by first year scieedacation students admitted from OSC

curriculum about electric circuits. This is theuk®f the hypothesis 1.7.2.
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4.5.2.1 Average normalised gain scores

To quantify the success of the intervention thatosg to remedy students’ alternative
conceptions and to compare the learning gains d N@rsus OSCstudents, the average
normalised gains were calculated using Hake’'s §1&mula. In Table 36 average the

normalise gains of OSCand NCS students are shown.

Table 36: Average normalised gain scores for NCS student§inafd OSC students

(n=50)
Curriculum| Pre-test [ Post-test Actual | Average %Gain
Mean Mean % gain| normalised
Scores Scores Gain score
NCS 31.7 60.6 28.9 0.41 41
OoSsC 33.1 62.6 29.5 0.42 42

The average pre-test score for the OSC was 3ari®¥@31.7 for the NCS and increased
to 62.6% in the post-testfor theOSC and 60.6 fer "CSwhich translated to 29.5%
actual gain for theOSC group and 28.9 % for the Nf&&ip. The average normalised
gain score for the OSC was 0.42 and for NCS it &d4, indicating the success of the

intevention for both the groups.

The researcher then explored the effect of thenviatgion for the whole group (100)
students, using the McNemar test. Table 37 indictese questions where the gains

between pre- and post-test scores were statigtsigtificant.
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Table 37:Comparison of pre and post test results of the twgroups using the McNemar test

Post wroni Post righ McNemar |-value

Question Pre wron 3 (14.3% 18 (85.7% P <0.0!
Pre righ 2 (2.5% 77 (97.5%
Total 5 (5% 95 (95%

Question . Pre wron 53 (62.4% 32(37.6% P <0.0!
Pre righ 5(33.3% 10 (66.7%
Total 58(58% 42 (42.0%

Question Pre wron 13 (30.2% 30 (69.8% P >0.0!
Pre righ 28 (49.1% 29 (50.9%
Total 41 (41.0% 59 (59.0%

Question Pre wron 39 (42.9% 52 (57.1% P <0.0!
Pre righ 3 (33.33% 6 (66.7%
Total 42 (42.0% 58 (58.0%

Question Pre wron 24 (30.8% 54 (69.2% P <0.0t
Pre righ 17 (77.3% 5 (22.7%
Total 41 (41.0% 59 (59.0%

Question Pre wron 30 (44.1% 38 (55.9% P <0.0!
Pre righ 12 (37.5% 20 (62.5%
Total 42 (42.0% 58 (58.0%

Question Pre wron 34 (41.5% 48 (58.5% P <0.0!
Pre righ 8 (44.4% 10 (55.6%
Total 42 (42.0% 58 (58.0%

Question Pre wron 29 (34.9% 54 (65.1% P <0.0!
Pre righ 7 (41.2% 10 (58.8%
Total 36 (36.0% 64 (64.0%

Question Pre wron 42 (56.0% 33 (44.0% P <0.0!
Pre righ 11 (44.0% 14(56.0%
Total 53 (53.0% 47 (47.0%

Question 1 Pre wron 37 (41.6% 52 (58.4% P <0.0!
Pre righ 5 (45.5% 6 (54.5%
Total 42 (42.0% 58 (58.0%

Question 1 Pre wron 6 (35.3% 11 (64.7% P <0.0!
Pre righ 29 (34.9% 54 (65.1%
Total 35 (35.0% 65 (65.0%

Question 1 Pre wron 45 (52.9% 40 (47.1% P <0.0!
Pre righ 7 (46.7% 8 (53.3%
Total 52 (52.0% 48 (48.0%

Question 1 Pre wron 24 (34.8% 45 (65.2% P <0.0!
Pre righ 7 (22.6% 24 (77.4%
Total 31 (31.0% 69 (69.0%

Question 1 Pre wron 9 (17.0% 44 (83.0% P <0.0!
Pre righ 8 (17.0% 39 (83.0%
Total 17 (17.0% 83 (83.0% 199




In Table 37, it is shown that most of the questiamgerms of both the pre- and post test
results differed statistically significantly (i.8. <0.05, except for question 3 where p >
0.05) suggesting that the intervention was not es&fal on this question. A possible
reason for this could be that some alternative eptians are very difficult to change.
The results for the test at least, however show tha intervention was successful

because the pre and post test results differedtatatly (p < 0.05).

4.5.3 Comparison of post-test results of NCS and @Sstudents

Figure 4.8 illustratesacomparison of the pre #me post-test performance of the
students NCS and OSC students; the post-testsdsulNCS are indicated in blue and

for OSC in red.
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Figure 4.8:Comparison of the post-test for NCS and OSC stsgierb0)
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The percentage of the correct performances for guibips is higher than 50%on all the
guestions, except for questions 2 for both grou@snd 12 for NCS .The results of the

two do not differ significantly on most of the gtiess.

The statistical comparison yielded a non —staafificsignificant difference between the

post-test results of NCS and OSC students. Thédtseme presented in Table 38.

Table 38:Comparison of post test results of NCS and OSCesifisd

Group Means Sd df t to Results
NCS 60.6 16.2

26 2.04 -0.45 P> 0,05
oscC 62.6 12.9

The test did not yield a statistically significandifference between the post-test scores
of the two groups. The mean for the post-testierNCS group was 60.6 as against 62.6
for the OSC students.Therefore, the hypothesis shatents who studied under NCS
would demonstrate significantly higher learning ngai as compared to those who

matriculated from the OSC is rejected.This is thewser to hypothesis 1.7.3.
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Question 1

The comparison of the post-test results for the M8 the OSC students for question 1

is presented in Table 39

Table39: Comparison of question 1 post-test results for M8& OSC

Wrong Right P Phi
Question1l | NCS 1 (2%) 49 (98%) 0.169 -0.138
OsC 4 (8%) 46 (92%)
Total 5 (5%) 95(95%)

Only 2% NCS students answer question 1 wrong, agasfo NCS who got it right. This

was close to the 8% OSC students who answereduistign wrong and 92% who got
it right. The Chi-square test yielded a probabilgseater than 0.05, thus indicating
meaning that there was no significant differencsvben the two groups in terms of their

performance on this question.

92% OSC students and 98% of NCS students respettiose option A, and the most

common explanation given was :

“The bulb will glow because the circuit needs todbosed in order for it to work”.
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The previously held alternative conception was esfidlychanged to a scientific

conception.
Question 2

The comparison of the post-test results for the M8E the OSC students for question 2

is presented in Table 40.

Table40: Comparison of question 2 post-test results for M8& OSC

Wrong Right P Phi
Question2 | NCS 20 (40%) 30 (60%) 0.840 -0.020
0SC 21 (42%) | 29 (56%)
Total 41 (43%) | 59(59%)

The Chi square test yielded a probability gredtant0.05, indicating that there was no

significant difference between the two groups tiperformance on this item.

60% of OSC students and 56% of NCS students clesmtended option, namely that
the bulbs will remain the same the explanatiaregiwas that, Brightness will remain
the same because the potential difference betéteetwo bulbs connected in parallel is

the same as the potentialdifferencewhen it way amé bulb connected.”

Some alternative conceptions are hard to changesam students still ir hold on to
alternative conceptions this can be seen from t@agation given thatthe same
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amount of flow has to light twice as many bulbg] ae have added more resistance to

the current”
The alternative conception was succesfully chdrnige scientific conception.
Question 3

The comparison of the post-test results for the M8E the OSC students for question 3

is presented in Table 41

Table 41: Comparison of question 3 post-test results for 866 OSC

Wrong Right P Phi
Question 3 NCS 20 (40%) 30 (60%) 0.839 -0.020
0SC 21 (42%) | 29 (58%)
Total 41(82%) 59(59%)

The table above shows that there was no signifiddi@rence between the two groups in
their performance on this question.58% of OSC sitgdand 60% of NCS students chose
the intended option which stated that when thectwis open, the resistance of the bulb
will remain the same the explanation given was thasistance of a component depends

only on its properties.”
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Mostb students tended to chose for theo “current, no resistance’alternative
conception. The alternative conception previousidhy the majority of students was

succesfully changed into a scientific conception.

Question 4
Table 42 presents the results of the post test adsgn between the NCS and OSC.

Table 42 Comparison of question 4 post-test results foSN@d OSC

Wrong Right P Phi
Question 4 | NCS 21 (22%) | 29 (58%)|  1.000 0.000
0SC 21 (42%) | 29 (58%)
Total 42 (42%) | 58(58%)

Only 22% of the NCS students answered questionohgyragainst 58% NCS students
who got it right;42% OSC students answered thestipre wrong and 58% got it right;
p>0.05 from the Chi-square test, meaning thatethveas no significant difference

between the two groups in their performance onghestion.

The percentage of OSC and NCS students who chesatende option was 58% , and
the most common explanation given was tltat series, with open switch potential

difference across the gap is equal to the electtormdorce (emf) and the potential
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difference across any resistor is zero becauseea#rgy is found across the open

switch.”

The explanation given shows that the alternativeception previously held by the

majority of students was succesfully changed @seientific conception.

Some students, however, still hold on to the alteve conception thatthere is zero

potential difference in an open switch and voltegeomething that flows.”
Question 5
Table 43 presents the results of the post test adsgn between the NCS and OSC.

Table 43: Comparison of question 5 post-test results for M8& OSC

Wrong Right P Phi
Question 5 NCS 20 (40%) 30 (60%) 0.839 -0.020
0SC 21 (42%) | 29 (58%)
Total 41 (41%) | 59(59%)

The results of the Chi —square test indicated tatwo groups performed the same on
this question, p> 0.05: that is 58% OSC students @090 of NCS students chose the
intended option which correctly ranked the briglsnesthe following order, bulbs 1 and

4 are equally bright. Bulbs 2 and 3 are equallghir and both are dimmer than bulbs 2

or 3.The most common explanation was tHatb 1 and bulb 4 will be equally bright
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(dimmer) because they have high resistance andutrent passing through them is the
sam , bulb 2or bulb3 will be equally brighter besauhey have lower resistance and the
resistance in each branch is the same and the ntuiftews through each bulb is the

same .This causes identical bulbs in a parralletui to have the same brightness.”
The alternative conception previously held by thegarity of students was change.
Question 6

Table 44 presents the results of the post test adsgn between the NCS and OSC.

Table 44: Comparison of question 6 post-test results for [d6& OSC

Wrong Right P Phi
Question 6 NCS 23 (92%) 27(54%) 0.418 0.081
OSsC 19 (84%) 31 (62%)
Total 42 (42%) 58(58%)

On this item, 92% of NCS students answered quediiomrong, against 54% NCS
students who got it right. Similarly, 84% of OSQd#nts answered the question wrong
and 62% got it right; p>0.05.Thus, in terms @ tomparison of the performance of the
two groups there was no significant difference leetwthem could be found. Thus, 62%
of OSC students and 54% of NCS students choserofjowhich ranks the current

flowing in the bulbs in the following order,the cent through bulbs 1 and 4 is the same

207



and the current in bulb 2 is the same as bulb 8,eacth is smaller than the currenti
bulbs land 4.The explanation given, by the redpots can best be summarised as

follows:

“Bulb 1 and bulb 4 are connected in series and¢beent passing through them is the
same all the way round a series circuit and eacargé will give up half its energy and
they will become dimmer, such that bulbs 2 andillBbe dimmer, while bulb 2 will be
the same as bulb 3 because they will share theentigqually because they have equal
resistance and they are connected in parallel dmelythave low resistance. Potential

difference is the same through them.”

Most of the students’alternative conceptions werecasfully changed into a scientific

conception this shows the success of the interwemtetween the two groups.
Question 7

The comparison of the post-test results for the M8E the OSC students for question 7

is presented in Table 45.
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Table 45Comparison of question 8 post-test results for ME&OSC

Wrong Right P Phi
Question 7 | NCS 24 (48%) | 26 (52%)| 0.224 0.122
0SC 18(36%) 32 (64%)
Total 42 (42%) | 58(58%)

On this item,52% of NCS students who answered djuestion right as compared to
64% OSC students; p>0.05 from the Chi-square THsis suggests that there is no
significant difference between the two groups iaitiperformance on this iter64% of

OSC students and 52% of NCS students chose thededeoption D, which ranks the
potential difference across the bulbs in this arghetential difference across 1 is the

same as 4. The most common reason given was that:

“The bulbs are connected in series and they haval egsistance. If the resistors were
not the same the potential difference will not he same, if thepotential difference
increases as resistance increaBedb 2 is the same as bulb 3, and both are smaller
than bulb lor bulb 4 . Bulbs 2 and 3 are connectegarallel and they have the same
potential difference which is smaller than bulbsadd 4 because they have equal
resistance and the resistance of the bulbs thairaseries are twice the combination of

the resistance of parrallel bulbs. The potentidfatience of bulb 2 and bulb 3 is half the
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potential difference of bulb 1 or bulb &his sciencific explanation given by the students

confirms the success of the intervention.

Question 8

The comparison of the post-test results for the M8E the OSC students for question 8

is presented in Table 46.

Table 46 Comparison of question 8 post-test results foSN@d OSC

Wrong Right P Phi
Question 8 | NCS 13 (26%) 37 (74%) 0.037 -0.208
OosC 23 (46%) 27(54%)
Total 36 (36%) 64(64%)

The table shows that the two groups did not perftirensame on this item, p< 0.05. 54%
OSC students and 74% of NCS students chose thimsnaggiaiting that current in bulb 1

will decrease if the switch S is opened, becabsdh’3 will be a dead end and bulbs 1, 2
and 4 will be in series which makes them to hagh hesistance. The current passing

through the bulb 1 will decrease.”

The previously held alternative conception was ssfidly changed to a scientific

conception.
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Question 9

The comparison of the pos-test results for the [d8€the OSC students for question 9 is

presented in Table 47.

Table 47: Comparison of question 9 post-test results for d6& OSC

Wrong Right P Phi
Question9 | NCS 29 (58%) 21(42%) 0.316 0.100
OosC 24 (48%) 26(52%)
Total 53 (53%) | 47(47%)

In question 9, 58% of NCS students answered wyoraglainst 42% of NCS students
who got it right This was similar to the 48% OS@dents who answered the question
wrong and 52% who got it right; p>0.05 from thiei-Square test. This means that there
was no significant difference between the two gsoup their performance on this
guestion. A typical response wédBulb 3 will be a dead end and bulb 2 will be irries

with bulbs 1 and 4. The potential difference dbliwill also increase.”

Students had difficulty answeriong this questiopeesally the NCS students whose
performance dropped. This decline is ascribed tmpalogically mistaken interpretation
of the circuit, or the possibility that most of theidents in the pre-test were guessing the

answers.
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Question 10

The comparison of the post-test results for the M8@€the OSC students for question 10

is presented in Table 48.

Table 48: Comparison of question 11 post-test results foEN@d OSC

Wrong Right P Phi
Question 10| NCS 22 (44%) 28 (56%) 0.685 0.041
OosC 20(40%) 30(60%)
Total 42 (42%) 58(58%)

The table shows that the performance of the twaiggas identical on this item, p >
0.05.Thus, 60% of OSC students and 62% of NCS ecltos intended option the
common explanationgiven was tl{abe bulbs have equal resistance. When the switch
was closed, the current in bulb 2 was half the eatrin bub 1 because bulbs 2 and 3 are
connected in parallel and they share the half ef¢brrent from bulb 1, and the potential
diference is smaller than that of bulbs 1 and buipotential difference of bulbs 2 and 3
is half the potential differenceof bulbs 1and 4hew the switch is opened, the current in
bulb 2 increases and also its potential differemtereases because bulb 2 is now in

series with bubls 1 and 4 because there will beureent passing to bulb 3.”

212



The students’ alternative conception was succdgsfiinged to a scientific conception.
Question 11
Table 49 presents the results of the post test adsgn between the NCS and OSC.

Table 49: Comparison of question 11 post-test results foEN@d OSC

Wrong Right P Phi
Question 11| NCS 19 (38%) 31(62%) 0.529 0.063
OSsC 16 (32%) 34 (68%)
Total 35 (88%) | 65(65%)

On this item 38% of NCS students answered quesktibrwrong, against 62% NCS

students who got it right. This was the same as 83& students who answered the
guestion wrong and 68% who got it right; p>0.05sT$lowed that there is no significant
difference between the two groups in their perfarageon this item. The typical response

from students who selected the intended response wa

“Current moves from positive to negative terminathef battery and when it reaches a
junction it branches and when current branchesmeans the resistors are in
parallel.”In series circuit the different parts folw one after the other and there is just
one path for the current flow.”

The alternative conception was succesfully changeda scientific conception.
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Question 12

Table 50 presents the results of the post -tespaason between the NCS and OSC.

Table 50:Comparison of question 12 post-test results for NC&nd OSC

Wrong Right P Phi
Question 12 | NCS 30(60%) 20 (40%) 0.109 0.160
0SC 22 (44%) | 28(56%)
Total 52 (52%) | 48(48%)

On this item 40% of NCS and 56% of OSC studentsvared this question correctly.
The typical explanation was as folloWw§he current passing through a resistor must

branch or it must be the same throughout the cirtui

The NCS students experienced some difficulty innemsg this question because their
performance has dropped.It seems as if the NCRstsidvere guessing the answers in
the pre-test. In remains a problem that student® Hfficulty identfying series and

parallel connections.
Question 13

Table 51 presents the results of the post- tespaoson between the NCS and OSC.
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Table 51 Comparison of question 13 post-test results f66Nwind OSC

Wrong Right P Phi
Question 13| NCS 14 (28%) | 36 (72%)|  0.517 -0.065
0SC 17 (34%) | 33 (66%)
Total 31 (62%) | 69(69%)

Only 28% of NCS students answered question 13ngyragainst 72% who got it right

This was similar to the 34% OSC students who arevihe question wrong and 66%

who got it right; p>0.05. The two groups perfornikd same on this item. Thus, 66% of

OSC students and 72% of NCS students chose thadedeoption C, which stated that

the current4

through R is Iz = Ic. The typical explanation given for choosing thisaer was: R 4,

Rs and R are connected in series and the current is theesdmoughout the circuit.”

The alternative conception was succesfully chantgeda scientific conception,thus

showing the success of the intervention.
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Question 14

Table 52 presents the results of the post test aosgn between the NCS and OSC.

Table 52: Comparison of question 14 post-test results foEN@d OSC

Wrong Right P Phi
Question 14| NCS 10 (20%) 40 (80%) 0.424 0.080
OosC 7 (14%) 43(86%)
Total 17 (17%) 83(83%)

The table shows that the two groups performed idaihy on this question, p >0.05.

Thus, 86% of OSC students and 80% of NCS studdmasecoption C,which stated that:

the relationship between land t is Iz = Ic. The most comon explanation given for the

chice was that:

“Current that is passing through that resistorghis same because they are in series.”

The intervention was successful because the stidatiernative conceptions were

successfully changed into scientific conceptions.
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4.6 DISCUSSION OF FINDINGS

In discussion of the above findings set out abetaats with the presentation of identified
alternative conceptions of first year science etlosastudents about electric circuits.
This is followed by a discussion of the effectivesnef the curriculum intervention based
on OBE principles with a view to redressing theniifeed alternative conceptions.

Lastly, a discussion and interpretation of thetést and gain scores is presented.

4.6.1 Alternative conceptions identified

The first research objective concerned the idexatiion of alternative conceptions held
by first year university science education studentdlore specifically, the research

objective reads as follows:

» Identify the alternative conceptions of first yeaniversity science

education students about electric circuits

The alternative conceptions, as identified fromdhalysis of the pre-test questions were

found to entail the following:

1) There is no need for a circuit to be closed in ofdeit to work

2) Students have difficulty predicting the brighteed bulbs in series and parallel
connections: this is because they believe thattgeryais a constant source of
current.

3) Concept of resistance: there is a belief that tixengld be no resistance if there is

no current.
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4)

5)

6)

7

8)

9)

Students harbour undifferentiated concepts (vol@ge current): they feel that
currrent and voltage should always appear together.

Sequential reasoning : this means the belief thatdirection of current in the

circuit and the order of connections of the bulbtedmine the relative brightness.
Consumer model : this refers to a conception thateat leaves the battery at a
particular value and is modified thereafter depegdihat it encounters in its

path.

Current is shared between components in serietsciru

Students find it difficult in predict potential éérence at different points in series
and parallel connections: they believe that po#¢ntifference in series

connections is the same because current that pdssegh resistors connected
in series is the same.

There is a misunderstanding of the causal reldietween current and voltage :
current is seen as the primary concept in the itjratnile potential difference is

seen as the consequence of current flow and rits esuse.

10)Students have difficulty predicting potential dfénce on an open switch in

series and open switch in parallel: there is a petential difference in an open

circuit.

11)Incorrect appication of Ohm’s law: students beli¢hvat if potential difference

increases resistance also increases. Ohm'’s lafteis expressed as V= IR.
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12) Students often find difficulty to identify seriasd parallel connections :when a
single element is in series with two elements cected in parallel, that single

element is in series with one of the elementsparallel combination.

4.6.2 Curriculum intervention based on OBE principkes with a view to redress the

identified alternative conceptions

4.6.2.1 The effectiveness of the OBE-based interv@am on NCS students

The percentage of NCS students who answered tims itgght are higher compared to
those who chose incorrect answers. This showsthiea¢ was an improvement in their
results compared to the pre-test results presentejure 4.1, where incorrect responses
scored higher percentage in almost all cases. ¥ampgle, the NCS students scored less
than 50% on question 10 and 13. It also emergethén literature that alternative
conceptions are difficult to overcome and expliogtructional interventions aimed at

addressing these conceptions are necessary. THisato found this to be the case.

4.6.2.2 The effectiveness of the OBE-based intent@amn on OSC students

The percentage of OSC students who answered tms itight are higher compared to
those who chose incorrect answers. This showstkigge is an improvement in their
results compared to the pre-test (results preseime#igure 4.2), where incorrect
responses scored higher percentage in almost s#lscéaking provision for different
learning styles of the individual by applying aiety of instructional methods will help
to promote effective learning. A tendency was idma by Novak (1998) that some

students were most likely to favour rote learnimgpraaches, and others were more
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constructivist in their approach, which means thay tend to favour meaningful
learning strategies. Therefore both extremes reaedful consideration in education

(Coetzee, 2008).

4.6.2.3 The effectiveness of the OBE-based interi@mm on NCS versus OSC

students

The percentage of the correct answers by from baibips is higher than 50% for most
of the questions. The statistical comparison yilde non-statistically significant

difference between the post-test results for treedvoups. There was an improvement in
the post-test results for both groups, thus cleangicating the success of the

intervention.

The intervention used in this study was the OBE@g@gh. The theoretical justifications
from the literature showed that the OBE approack mawerful and had a number of
strengths. One noteworthy, from the constructip@nt of view, peer learning interactive
engagement methods is a can strongly recommendedeffective learning. By

incorporating student-centered methods specificdlly using students’ questions,
comments, responses on tests and, and generaltyiagliio the constructivist approach,
it is possible to build models of students’ knovgedconstruction which may help
towards identifying of students’ alternative conioep (Coetzee, 2008). Only when
alternative conceptions have been identified anelctly addressed, will student learning

become effective. Geer and Rudge (2002) statestndents learn by making sense of
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phenomena as they experience them, as they evdhatevalue and attempt to make

sense of them within a socially acceptable cordésd in light of their prior knowledge.

OBE is a strategy within the constructivist themadtframework, which does not impose
a prohibition on any instructional method. Furthere, OBE provides the opportunity
for implementing a number of different classroontivéttes and reflection on these,
which could facilitate changing alternative coneaps. According to Gray (1997) one
of the benefits of OBE is to foster critical thingi and to create motivated independent
learners, This can best be achieved in a situattbere a constructivist teaching
approach with features of a constructivist progranm@a constructivist teacher and a

constructivist classroom are all in place.

According to Millar (1989), the process of constiog new ideas takes place within the
learner's own head. This occurs when any sucde$séfuning takes place and is
independent of the instruction method. A consegeeaf the constructivist approach is
however that science should be taught with a viewelicit the active involvement of

learners, which in turn leads to reconstructiomefaning. Millar further suggests that a
change to the constructivist approach is moreyikelbe found in terms of improving the
sequence and pacing of the science curriculum, l@sd in terms of changing

instructional methods.
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4.6.3 Interpretation and discussion of the resultsf the gain scores

The average of the results from the pre-test &i-fEst increased dramatically for both
NCS and OSC students. The average gain of bothpgrtall in the “interactive zone”

(Hake,2002). The effectiveness of the strategiesd ua the intervention was, thus,
comparable with contemporary interactive strategied agrees with the hypothesis in

paragraph 1.7.1.

The average normalised gains of both groups isithiglifferent and one of the reasons
for this could be that many teachers are stillhesgthe new curriculum the same way as
they were teaching in the old curriculum. The I@zgrgain of the OSC students was 0.41
and for the NCS was 0.4,and consequently the yplbthesis was rejected which stated
that students who studied under the NCS would dstrate significantly higher learning

gains after exposure to an OBE-based interventompared to those who matriculated

from the old school curriculum.

4.7 CONCLUSION

The results of this study indicated the effectivemnef the intervention in ameliorating
students’ alternative conceptions about electricudis, regardless of which high school
curriculum the participants came from. After studéalternative conceptions have been
confronted through activity-based instructional @aghes they were guided to construct
scientifically acceptable knowledge. The knowledg&s consistent with their

experimental observations. However, contrary to theearcher's expectation that
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students who came from the OBE-based curriculura IS group) would perform
better than the group from OSC, the results ofghisly showed that the gains of the two

groups were identical.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 INTRODUCTION

A large number of researchers have reported theajmece of alternative conceptions
concerning many concepts and principles in sciespecially regarding electric circuits.
It is by now well established that students doaguwhe to the classroom as empty vessels;
it follows that knowledge should not simply be s#srred from the lecturer to them,
because they develop beliefs about things thatdrapptheir surroundings from the very
earliest days of their lives. Indeed, students ctorgcience classrooms with a number of
unscientific ideas, which may differ in salient vgayom the scientific understanding and

theories the lecturer may wish to develop in them.

The origin of alternative conceptions could be prgvious experience or observation by
the student; these conceptions do not necessaisky aut of formal training, but can be
based on any life experience. The important pointhis regard is that alternative
conceptions, once formed, have a bearing on stsidehservations and the sense they

make of further learning. These alternative cotioep are resistant to change, and thus
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a considerable number of learners hold on to certauitive notions despite the science

teaching they receive in school (Driver, 1983).

Many of the sources of confusion in science classesiot identified in the classroom
as teaching occurs. Students may be aware of soneeptual blockages, especially
those that stop learning completely, but they neyain unaware of other blockages,
because knowledge construction continues, butvumomg direction, thus leading to a
number of alternative conceptions. In order toaligy such models that can address
this situation, interactions among students antlitecs have to occur openly (Coetzee,

2008).
5.2 SUMMARY OF STUDY

The aim of the study was to investigate studentstr@ative conceptions about electric
circuits and the effect of an activity-based instimnal approach in ameliorating the

alternative conceptions.

OBE is a teaching strategy within the constructithieoretical framework, and provides
for using a number of different classroom actigtiend attendant reflections, which
could in turn facilitate change from alternativenceptions into scientific ways of
knowing and understanding. According to the DoB0@), one of the benefits of OBE is

that it fosters critical thinking and creates mated and independent learners.

Lemmer and Lemmer (2010:7) propose a conceptualereent model as a teaching

learning model according to which learners’ prodgcintuitive resources are gradually
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refined towards the accepted scientific conceptgpests of learners’ initial knowledge
that contains elements of the physics concept greductive conceptual resources) are
identified and refined (Hammer, 2000). Learners #ren guided to generalise a
conceptual understanding from the similarities difterences in a variety of selected
everyday and classroom experiences. In this waysiph knowledge is constructed onto
the learners’ experiential knowledge as they syateally develop coherent conceptual
knowledge. In the conceptual refinement model, epheal knowledge refers to
conceptual understanding of physics that can beeszpd in relations between concepts,
and can be used to explain different situatiomes,a.conceptual explanatory model. Thus,
learners’ conceptual knowledge that has been forfnech a combination of their
experiential (everyday) and experimental (physkes)wledge becomes the resource for
the abstraction of their formal physics knowledpattincludes advanced reasoning and
problem-solving skills, operational definitions,ngealised laws, mathematical relations
between concepts and multiple representations .tiése conceptual refinement model
requires an adequately refined conceptual undefstgrbefore formalisation can take

place.

One major task of the educator is to alleviate @tgrnative conceptions which are not in
line with the intended learning of the scientifancepts. From the literature, it was noted
that most conventional physics instruction does p®t attention to learners’ intuitive

conceptions and explanations.
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OBE is a strategy within the constructivist themadt framework. Furthermore, OBE
gives the opportunity for a number of different sseoom activities and reflection.
According to Coetzee (2008:273), quoting Gray (3997 of the benefits of OBE is to
foster critical thinking and create motivated indeg@ent learners, when a constructivist
teaching approach with features of a constructipisigramme, a constructivist teacher

and a constructivist classroom are all in place.

According to Millar (1989) the process of constroctof new ideas takes place within
the learner's own head. This occurs when any sgégkelearning takes place and is
independent of the instruction method. A consegeeaf the constructivist approach is
however that science should be taught to engageadhee involvement of learners,
which leads to reconstruction of meaning. Millartifier suggests that a change to the
constructivist approach is more in terms of impngvihe sequence and pacing of the

science curriculum, and less in terms of changasgriictional methods.

The interventions used in this study were actibiged instructional approaches within
the pedagogic aegis of OBE, using activity-theosy aa theoretical framework. The

attendant theoretical justifications from the kierre showed that the OBE approach had
a number of strengths that could be harnessedamitaw to promote conceptual change.
In the present study, it was observed that studeste made to be active participants.
The “t” score showed that there was a significafieience between the pre and post-test
scores of the participants meaning that the OB&nmention was successful in changing

alternative conceptions to scientific conceptions.
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One finding that raises concern is that the OBEeHacurricula at schools seems not to
be effective. The intervention used by the researtiased on the same principle was
effective. The researcher has identified and asdet® alternative conceptions held by
students and referred to everyday life experiengsisig visualisation, analogies and so
forth. The researcher demonstrated and discusdedtias with students but he did not
give students the correct’ answers. The other mriing factor to the success of the
intervention was that students worked in a handsianner. Educators are complaining
about lack of resources and proper training, bustnad them still use the transfer of

knowledge approach in their schools.

The first objectives of the empirical study waddentify the alternative conceptions of
first year university science education studentsuilelectric circuits This objective was
accomplished by means of a test (Appendix A). Bsééstablished the selected students’
alternative conceptions about electric circuits. @ basis of these results an
instructional sequence (Appendix B) made up ofvagtbased lessons in electric circuits
was developed and implemented. This sequence waasdlon OBE principles, and set
out to redress the alternative conceptions thae Heeen identified (Objective 2). The
instructional sequence progressed from contextuabhceptual to formal learning. The
effectiveness of the intervention was determinednieans of “t” test and McNemar tests.
The average normalised gains were calculated witle\a to compare the learning gain

of NCS students against those from the OSC.

An activity-based instructional approaches was uiséle intervention because it
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(@) Is in line with the requirements of the Natib@arriculum Statements (Department

of Education, 2003 a and b);

(b) Is constructivist in nature, since it providggportunities for learners to express their

pre-knowledge that can then be remedied by thétédor (Tarabaet al,2007);

(c) Is learner-centered, since it encourages atdamer involvement (Ramsden, 1994,

Tarabawetal, 2007);
(d) Motivated and enhances learning (Ramsden, 1994)
(e) Benefits disadvantaged learners especially (Blben& Roberts, 1985).

The results showed that most of the students, tooth the NCS and OSC groups have
common alternative conceptions about electric dsclbefore instruction. Other
conceptual problems included that the learnersndid understand scientific concepts

such as emf and confused the concepts of voltagjewment.

The high normalised learning gain of 0.41for NC&dshts and 0.42for OSC students
achieved by the intervention indicates the effextass of the activity-based instructional
sequence in changing the students' alternativeepionis into a scientifically accepted
understanding of the concept of electric circulthere was no significant difference

between the NCS and OSC students in terms of #uriley gains.

Since the purpose of the study concerned studehléshative conceptions about electric
circuits and the effect of activity-based instrao@l approach, the instructional strategy
that was followed is summarized below. The inteti@nimplemented activity-based

instructional approaches in accordance with thetroativist learning theory.
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Students worked in groups so that co-operativeniegrcould take place. In these groups
they discussed the solutions to a variety of pmokleand performed enquiry-based
experiments. The order of activities followed tlmntextual didactical approach. In this
way, the students were guided to change their natime conceptions to scientific
accepted ideas. The intervention was consequeatigdoon OBE using activity-theory

as a theoretical framework.

When students were given familiar contexts (e.g.licycle), they were eager to express
their own views. Through verbalisation they revdatheir alternative conceptions as
well as their anchoring conceptions. For examplethie variety of contexts given in
Appendix B, students may say the bicycle chain ra®lewly but the energy is instantly
available and that energy is only transferred fswuarce (pedal) when the links moved.
This type of understanding can be used as ancha&as to explain law of conservation
of energy. Following from this and by means of agalis explanations, the students

were able to predict the brightness of the bulblhénexperiments correctly.

Current, resistance and potential difference dtsmed the anchoring idea in the
conceptual problem demonstrated in an enquiry éxget (Appendix B). Learners'
everyday knowledge and analogous explanations usgd to explain the brightness of
the bulb. Formalisation of the concepts was folldwaéer the students have grasped the

concepts that are used to explain the working&dtet circuits.
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Similarly, the concepts of power, internal resismand emf were introduced by way of
a formal problem (Appendix B).Before solving a desh, the explanation of the

concepts was given.

The high normalised gain was consequently accohmalisby way of an effective

teaching sequence based on the constructivistiteptimeory.

5.3 CONCLUSION

Most researchers (Chin & Brewer; 1998:104) contidvadl the quality of prior knowledge

is perceived to have powerful effects on the teagland learning process in science. If
educators can probe the nature of learners' priowledge, they can identify learners'
alternative conceptions; this will set the scenetlfie need to learn and teach according
to what learners already know. Consequently, teacsirategies should be guided by the
activity-based instructional approaches in order aimcomplish conceptual change
effectively. A combination of different teachingategies should be utilized in order to
make different cognitive demands on learners andatcommodate individual

differences.

The high percentage of occurrence of learnerstrative conceptions about electric
circuits and students’ deficiencies in understagdoertain scientific concepts, as
revealed by the pre-test, are disturbing. Thest fiear university students have been
exposed to the concept of electricity from grad@std 12 in the physics module

Electricity and MagnetismHowever, it appears that during these years ofungon
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their alternative conceptions and learning diffied were not sufficiently addressed at
all (Edwards, 2007). It also seems that scientdimninology such as potential difference;

emf, charge, and energy were not dealt with effebti

The activity-based instructional approaches usethim study, which progressed from
contextual to conceptual to formal understandimmyed to be effective with an average
normalised learning gain of 0.41 for NCS and0.422Gs$udents. According to Hake
(2002a), a treatment (e.g. an intervention) thetdg a gain larger than 30% can be

considered to be in the "interactive engagemeng’zon

This high gain illustrates the success of the v@etion in effecting conceptual change
towards the correct scientific conceptions. Theusege of activities successfully
enhanced the development of scientific conceptidhs.results stress that it is necessary
to implement the constructivist principle that sots' initial understanding should be
engaged and their conceptual understanding apptefyrideveloped on the basis of their

prior knowledge and understanding.

This study was conducted against the reportedigeséd of students’ pre-concepts to
extinction. The results of this investigation skolwthat an OBE-based activity-based
instructional approach led to significant changeslleviating students’ pre-conceptions
that is not consistent with espoused scientifiakimg. To this end, this study has
succeeded in achieving its objectives, thereby ntaki significant contribution to both

theory and practice.
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Overall, therefore, this study has been significantl, certainly, rewarding to the

researcher.

5.4 RECOMMENDATIONS

This study involved a sample of 100 students. Tigh kearning gain obtained illustrated
the effectiveness of the intervention. It is therefjustified to infer that the activity-based
instructional approaches followed in this study maal significant improvement in

students’ understanding of the science conceptswiiiz studied.

The poor pre-test results showed that the studafte’native conceptions and learning
difficulties related to electric circuits were refticiently addressed in lower grades. This
could be ascribed to a number of different fact®ach as ineffective teaching,

inappropriate textbooks, lack of facilities for ptigal work, and others.

On the basis of this and other studies (Redish3200rrumper, 1990:353) it can be
recommended that the following steps are followdtenvteaching and implementing

interventions of this nature:
v’ Start with what learners already know.

v' Treat learners' alternative conceptions with thgeocy they require so that

learners do not carry them to the subsequent yéatsidy.

v' Use constructivist teaching-learning approacheg. @quiry teaching-

learning strategies) to promote conceptual chandauaderstanding.
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v Create a list of terms with definitions in order foster learners'

understanding of requisite scientific terminology.

v Relate the scientific knowledge that is being taughts application in real

life situations.

Teachers may also apply ideas from this studydearch their own practices as well
as to design learning and teaching experiences maattrials for effective and

meaningful learning and teaching (DoE, 2003:5). Ta&e of researching one's
practices as a teacher is the ability to be kepgash with the dynamic nature of the

teaching and learning environment.

An understanding of the alternative conceptionsctvlstudents bring to the tertiary
education sector will serve as a very importanttripto curriculation of university

programmes. These alternative conceptions anditepstrategies, which may lead
to the required conceptual changes, must be stunliecience education modules by

prospective science educators.

Educators and curriculum advisors need to be inddrthat it is crucial to understand
both the prevalence and nature of alternative quiwes in order to effectively
design and implement programmes that bring abautahjuired conceptual changes

to the teaching and learning practices of the sei@tassroom.

234



REFERENCES

Anderson, J. R., Byrne, M. D., Douglass, S., Le®i€l., & Qin, Y. (2004).An Integrated

Theory of the Mind. Psychological Review, 111(4)36—1050.

Applebee, A.N.,Langer, J.A., Nystrand, M &Gamorak, (2003). Discussion-Based
Approaches to Developing Understanding: Classroonstruction and Student
Performance in Middle and High School Englishmerican Educational Research

Journal 40,(3): 685-730.

Arons, A.B. (1997)Teaching introductory physicklew York: John Willey and sons.

Ausbel, D. (1968)Educational psychology;A cognitive vielwew York: Holt, Rinehart

and Winston.

Banchi, H. & Bell, R. (2008).The Many Levels of lrigy. Science and Children, 46(2),

26-29, October.

Bartlett, D. (2004)Analogies between electricity and gravitetrologia 41:S115-S124.

235



Baser M &Geban O, (2007).Effect of instruction he®m conceptual change activities
on students’ understanding of static electricitynaa@pts. Research in Science &

Technological Educatiqr5(2), 243-267

Badker, S. (1989). A human activity approach toruséerfaces.Human-Computer

Interaction4:171— 195.

Bransford, J.D., Brown, A.L. &Cocking, R.R. (2000Jow people learn: Brain, mind,

experience & school. Washington, D.C:National Acagld°ress.

Brown, D. E. (1992) Using examples and analogiesetmediate misconceptions in
physics: Factors influencing conceptual chaldgernal of research in science teaching,.

29:.17-34.

Brown, D.E. & Clement, J.(1989). Overcoming misogptions by analogical reasoning
abstract transfer versus explanatory model cortstrumstructional.Science]18:237-

261.Klower Academic Publishers, Netherlands.

Brown, H.J. (1977). Perception.Theory and commitrtiea@ new philosophy of science.

Chicago: Precedent.

236



Bunge, S. A., Wendelken, C., Badre, D., & WagnerDA(2005). Analogical reasoning
and the prefrontal cortex: Evidence for separabtaaval and integration mechanisms.

Cerebral Cortex, 3239-249.

Cajori, F (1914). A history of Physics. London: dnaillan

Calliot, M. &Xuan, A.N. (1993). Adults’ misconceptis in electricity: The proceeding
of the third international seminar on misconcepgiand educational strategies in Science

and Mathematics (Ithaco, N, Y Misconception Trust).

Carey, S. (1985Fonceptual change in childhoo@ambridge, MA, MIT Press).

Carivita, S. (2001).A re-framed conceptual charigmty? earning and Instructionll,

421-429.

Carl, J. (2008). Dealing more effectively with aftative conceptions in sciendeurnal

of Physics Teacher Educatiéil).

237



Cashion, M & Karen, G. (2006).Exploring problem-bddearning in the context of high

school scienceDesign & implementatiof06(7):280-294.

Chi, M.T.H (2005). Commonsense Conceptions of Eemwrgorocesses: Why some

misconceptions are robusthe journal of the learning scienc#4.(2).161-199.

Chi, M.T.H., Slotta, J.D. &Deleeuw, N. (1994). Frahings to processes: A theory of

conceptual change for learning science concéptrning and instruction, 4:21-A3.

Chinn, C.A & Brewer, W.F (1998).An empirical test taxonomy of responses to

analogous data in sciendeurnal of research in science educatR#623-654.

Chisholm, L .(2005). The making of South Africa'satdnal Curriculum

StatementJournal of Curriculum Studieg87:193-208.

Clement, J & Steinberg M. S. (2002). Step-Wise Hiroh of Mental Models of Electric
Circuits: A “Learning-Aloud” Case StudyThe Journal of the Learning Sciences

11(4):.389-452.

238



Clement, J & Rea-Ramirez, M.A (2008). Model baseaitiing and instruction science,

11-22

Clement, J. (1982).Students’ preconceptions inoductory mechanics American

Journal of physic$0:66-71.

Clement, J. (1983).Use of analogies and spatialstoamations by experts in solving
mathematics problen{#n Bergeron, J. &Herscovics, Neds. Proceedings of the fifth
annual conference of the international group foe thsychology of mathematics

education, Montreal, 1:101-111.)

Clement, J. (1987).Overcoming students misconception physics: The role of
anchoring intuitions and analogical validity. Predmgs of the second international

seminar.Misconceptions and Educational strategi&cience and Mathematics, p84-97.

Clement, J., Brown, D., &Zietsman, A. (1989). Noll greconceptions are
misconceptions: Finding anchoring conceptions fmugding instruction on students'

intuitions. International Journal of Science Educatjthth:554-565.

239



Coetzee, A (2008). Alternative conceptions concegninterference and diffraction of
light. Department Of Mathematics, Science and Teldgy Education. M.Ed.

dissertation, Tshwane University Of Technology téhia.

Cohen, R., Eylon, B. &Ganiel, U. (1983). Potentiatference and current is simple
electric circuits: A case study of students’ corisemerican journal of Physic§1,407-

412.

Collins, A. (2002). How students learn and how heas teach. (In: Bybee, R.W. (Ed).

Learning science and the science of learning, fatinVirginia: NSTA press.)p3-lI

Cosgrove, M. & Osborne, R. (1985).Lesson framewofts changing children’s

ideas.Learning in science.Heinemann.

Crespo, M.A.G. (2004). Relationship between eveyydamowledge and scientific
knowledge: Understanding how changes matleternational journal of science

education 26(11), 1325-1343.

th
Cutnell, J. D. & Johnson, K. W. (1998).Physicsed. New York: John Wiley & sons.

240



Dada, S., Granlund, M &Alant E. (2006).A discussiof individual variability, in
activity-based interventions, using the niche cphGhild: Care, Health and

Development33(4), 424-431.

Dekkers, P.J.J.M., &Thijs, G.D. (1998).Making protive use of learners’ initial

conceptions in developing the concept of fddceence Education, 831-51.

Dell, R & Rand, D (2001)Understanding BatteriedRoyal Society of Chemistry, pp. 2—

4, 1ISBN0854046054

Department of Education (2011)Curriculum and assessment Policy
Statemerrades 10-12. Physical scienceBretoria:.Government Printing

Works.

Department of Basic Education  (2010National Examinations and
Assessment Report on the National Senior CertiExamination Results Part

2 2009 Pretoria:

Department of Education (2008&pridged Report: 2008 National Senior

Certificate Examination ResultBretoria: Department of Education.

241



Department Of Education.(2003a). National Currioul$tatement for GET (Natural

Science). Pretoria, Tirisano.

Department Of Education. (2007). Learning prograntuedeline. Pretoria:Government

Printer.

Department Of Education.(2003). National CurriculuStatements for GradelO-

12(General) physical science. Pretoria: GovernrReinter..

Dewey, J. (1944). Democracy and education. New YBr&e press.

Dolmans, D.H.J.M., De Grave, W., Wolfhagenm |.H.A&Wan der Vleuten, C.P.M.
(2005). Problem-based learning: future challengestiucational practice and research.

Medical Education39,732-741.

Donnellan, K.M & Roberts, G.J. (1985). What reshasays? Science & Children.

January; 119-121.

242



Driver, R. (1983)The pupil as scientistMilton Keynes: Open University Press.

Driver, R. (1989).Students conceptions and learohgciencelnternational journal of

science educatiohl: 481-490.

Driver, R.(1983). The pupil as scientist? Buckingh®pen University press. 113 p.

Driver, R., Guesne, E. &Tiberghien, A. (1985).Chéld's ideas in science. Buckingham:

Open University Press.

Duffin, W.J. (1980)Electricity and Magnetism 3rd editidicGraw-Hill.

Duit, R &Treagust, D, F. (1995).Students concepiand constructivists teaching
approaches. In B.J Froser& H.J Walberg (eds). Ivipg science education (lllinios:

The National Society for Study of Education, 46-47)

Duit, R. (1981). Students’ notions about the energgcept - before and after physics
instructions. Paper presented at workshop on pmableconcerning students’
representation of physics and chemistry knowledge t athe

PadagogischeHoshschuleLudwigsberg, September.
243



Duit, R., &Treagust, D.F. (2003). Conceptual change powerful framework for
improving science teaching and learningternational journal of science education,

25(6), 671-688.

Dufresne, R.J,Gerace ,W.J & Leor nard, W.J (19%0lving physics problems with

multiple representationBhe Physics Teache3b:270-275, May.

Dykstra, D. (1992) Studying conceptual changeRinDuit, F. Goldberg & H. Niedderer
(Eds) Research in physics learning: theoretical issuesl @mpirical studieg (Kiel,

Institute for Science Education at the UniversitKel. pp. 40-58)).

Edens, K.M. (2000). Preparing Problem Solvers lfer 21st Century through Problem-

Based Learning;ollege Teachingd8(2), 55-60

Edwards, J.M. (2007). Evaluering van natuurwetepls&adboekevir die onderrig van

warmte in Graad 7. Potchefstroom:NWU. (Dissertabbid.).

244



Edwards, N. (2010). An analysis of the alignmenttlod grade 12 physical sciences
examination and the core curriculum in South AfSauttAfrican Journal of

education30 (4).Pretoria

Ellse, M. &Honeywill, C. (2001) Fields, forces amghthesis. Available online at: http://

www.nelsonthornes.com/secondary/science/nas neWghaimple pdfs/fields 20 29.pdf

. Retrieved: 15/02/2011

Engel, C, E. (1992). Problem-based learniBgtish Journal of Hospital Medicine,

46:325-329.

Engelhardt, P.V &Beicher, R.J, (2004).Students’arsthnding of direct current resistive

electrical circuitsAmerican Journal of Physic32(1): 98-115.

Enger, S. &Yager, R. (2001).Assessing Student Witdeding in Science. Thousand

Oaks, CA: Corwin Press.

Engestrom, Y. (1987). Learning by expanding: Anivégttheoretical approach to

developmental research.Helsinki:Orienta-KonsultitOy

245



Engestrom, Y. & Middleton, D. (199&ognition and communication at worBoston,

MA: Cambridge University Press.

Eylon, B.S &Ganiel, U. (1990). Macro-micro relatgimps: the missing between
electrostatic and electrodynamics in students’neiagp International journal of science

educationl2,79-94.

Feldman, A. &Minstrell, J. (2000).Action research a research methodology for the
study of the teaching and learning of science. Al&. Kelly, and R .Lesh (Eds.)
Handbook of research design in mathematics anchaeieducation. Mahwah, N J:

Erlbaum.).

Fraser, J.B. & Tobin, G.K.( 2003). International ndhook of science

education.Amsterdam:Kluwer Academic Publishers.

Fredette, N. &Lockheed, J. (1980).Students conoeptif simple circuitsThe physics

teacher 18, 194-198.

Geer, A.C &Rudge, D.W. (2002). A review of resdémon constructivist based strategies

for large lecture science class&dectronic Journal of Science Educatiori2)l

246



Gilbert J.K., Osborne, R.J &Fensham, P.J. (1986)d&n: Science and its consequences
for teaching. In J.Brown, A. Cooper, |. Hurton, llates and D.Zeldin (eds) .Exploring

the curriculum: Science in schools (Milton Keyn@gen University press), 302-331.

Gilbert, J.K. & Watts, O.M. (1983) Concepts, Misceptions and alternative
conceptions: changing perspectives in science éidac&tudies in science education

10:61-98.

Gilbert, S. (1989) .An evaluation of the use oflagg, smile, and metaphor in science

texts.

Glatthorn, A. (1999). Curriculum alignment revisitelournal of Curriculum

and Supervisionl5:26-34.

Gray, A. (1997). Constructivist teaching and leéagn SSTA Research Centre
Report #97-07, University of Saskatchewan, Can@xhditie]. Available at:

http://www.ssta.sk.ca/research/instruction/97-0#.Retrieved: 5/01/2011

247



Gregory, B. (1988). Inventing reality: Physics asdguage. New York, N.Y.: Wiley.

Grow, G. O. (1996). "Serving the Strategic Readader Response Theory and Its
Implications for the Teaching of Writing," an explaa version of a paper presented to
the Qualitative Division of the Association for Edors in Journalism and Mass
Communication. Atlanta, August, 1994. Available love at:
<http://www.longleaf.net/ggrow>. Original paper #dsble as Eric Documentation

Reproduction Service No.ED 406 644.

Gunter, A. M; Estes, T. H. &Schawb, J. (1991).lastion.A model approach.Allyn and

Bacon.

Hake, R.R. (1998). Interactive - engagement vditiomal methods: a six -thousand
student survey of mechanics test data for intraztygbhysics coursegmerican Journal

of physics education researd6(l):64-74

Hake, R.R. (2002a).Lesson from physics educatiéormeConservation Ecolog$2:8;

online at <http:// www.consecol.org/vol5/iss2/att?Retrieved: 13/05/2011

248



Hake, R.R. (2002b). Assessment of student learmnmtroductory science courses,
PKAL Roundtable on the future: Assessment in thwise of student learning, Duke

University, March 1-3; an updated version of 1 JR@62.

Halloun, 1&Hestenes, D. (1985). The initial stafecollege physics studentdmerican

Journal of Physics53, 1043—-1055.

Halloun, | (1996). Schematic modeling for meanithgtearning of physicsJournal of

research in science teaching3(9):1009-1041

Hammer, D. (2000). Learner resources for learnimgoductory physics American

Journal of Physics68(7), S52—-S59.

Harpaz, Y. &Lefstein, A. (2000).Communities of tkimg. Educational Leadershijp

58(3), 54 - 57.

Harrison, A. G. &Treagust, D. F. (1994) Analogi€ke Science Teachd], 41-43.

Hewson, P. W., &Hewson, M. G. (1984).The role ohogptual conflict in conceptual

change and the design of science instructiostructional Sciencel3, 1-13.
249



Hewson, P.W & Thorley, N.R. (1989).The condition obnceptual change in the

classroominternational journal of science educatidii,9(Special issues)41-553.

Hmelo-Silver, C. E. & Barrows, H. S. (2006).Goalsdastrategies of a problem-based
learning facilitator. Interdisciplinary Journal of Problem- based Leargi
Misconceptions and Educational strategies in Seiesnod Mathematics, p84-®ased

Learning 1, 21-39.

Hobden, P (2005). What did you do in science today® case of Physical studies of

912 Physical Science classroor8suth African journal of science, 101,3882.

Iding, M. K. (1997) How analogies foster learningrh science text]nstructional

Science?b.

Imenda, S.N. (2005b). Zambian high school studealternative conceptions and
spiritual / cultural beliefs about the environm®@nbceedings of the International
Conference on Education, Singapore, 2008orld Scientific Publishing Company: 328-

333.

250



Imenda, S.N. &Muyangwa, M.M (2006).Introductido research in education and

behavioral science®retoria: Tshwane University of Technology,

Johnstone, A. H. &Mughol, A.R. (1978).The conceptetectrical resistanchysics

Education 13(1):47-49,Jan.

Jonassen, D. H. & Rohrer-Murphy, L. (1999).Activitpeory as a framework for
designing constructivist learning environmeBthicational Technology Research

&Development, 4(@)61-79.

Jones, E. R. & Childers, L. R. (199€pntemporary college physi¢&nd edn) (p. 474)

(New York).

Joshua, S, (1984). Students’ interpretation of Emelectrical diagramEuropean

journal of science educatio@/1-275

Jung, W, (1994).Towards preparing students for gbaracritical discussion of the
contribution of the history of physics in physiesathingScience and educatip8(2):99-

130

251



Kabapinar, F. (2004).The design and evaluation edching —learning sequence
addressing solubility concepts with Turkish seceopdschool studentmiternational

journal of science educatip26(5), 635-652.

Kaska, K &Rannikmaee M (2006).Estonian teacheeglireess to promote inquiry skills

among student3ournal of science educatioieynes: Open University Press.

Klassen, S. (2006). Contextual assessment in seiethgcation: Background, issues, and

policy. Science educatio90:820-851.

Koumaras, P., Kariotogou, P &Psillos, D. (1997)u&al structure and counter intuitive

experiments in electricitinternational journal of science educatidh,617-630.

Kruckenberg, R. (2006). A Deweyan perspective aarnee education: Constructivism,

experience and why we learn scierf8elence Educatiqrl5, 1-30.

Kuutti, K. (1991). Activity theory and its appliéahs to information systems
research and development.In H.-E Nissen, laflormation Systems Research

(pp- 529-549). Amsterdam: Elsevier Science Puhisshe

252



Lawson, A.E. (1993). The importance of analogy:ralypde to the special issu#urnal

of research in science teachirgf)(10):1213-1214.

th
Leedy, P.D. &0Ormrod, J.E.(2001). Practical reseaptanning and design. Ed. New

Jersey: Prentice - Hall.

Lemmer, M. (1999).First year university studentshaeptions of time and space in

physics. Potchefstroom: PU for CHE. (Thesis - PhD.)

Lemmer, M. &Lemmer, T.N. (2005).Contextualizatios a didactical approach to
physics education. (In: Grayson,D.J (Eds). Whatsmsyshould we teach? Proceedings

of the international Physics Education Conferemzepan,5-8 July 2004,p212-218

Lemmer, M., &Lemmer, T.N. (2010).A hypothesis oe tearning process as a basis for
science curriculum development. In: Constantino®,. &Papadouris, N. (Ed§elected

papers of the GIREPconference, Nicosia, Cypi@s— 22 August 2008. pp. 22-38.

253



Lemmer, M. (2011).Analysis of South African Gradeléarners’ conceptual resources
regarding the concept of energy in physics. Afridaarnal of Research in MST
education, vol 15 (1). pp.4-17.

Leont’ev, A. N. (1981). The problem of activity psychology. In J. V. Wertsch (Ed.),

Activity in soviet psycholodypp. 37-71). M. E. New York: Sharpe, Inc.

Liégeois, L. & Mullet, E. (2002).High school studenunderstanding of resistance in
simple series electric circuitdnternational journal of science educatiomol 24 no

6,551-564.

Leornard, W.J, Durfresne, R.J &Mastre,J.P (1996)iny qualitative problem solving
strategies to highlight the role of conceptual klemge in solving problems. American

Journal OF Physics, 64(12):1495-1503, Dec.

Liu, X; Zhang; B; Liang L;Fulmer G; Kim B & Yuan 2009). Alignment
between the Physics content standard and the sthreld test: A comparison
among the United States-New York State, Singaparel China-Jiangsu.

Science Educatiqr93:777-797.

254



Lord, T. R. (1999). Are we cultivating couch potdoin our college science

lectures?lournal for College Science Teachers 29:159-62.

Mackenzie, N., Eraut, M. & Jones, H. C. (197@gnching and learning: An introduction

to new methods and resources in higher educaBetgium: Unesco.

Maloney, D.P., O’kuma, T.L. &Hieggelke, C.J.(2008Burveying students’ conceptual

knowledge of electricity and magnetigkmerican journal of physi¢c$9,512-523.

Marbach, A.D &Solokove, P.G. (2000). Can undergeddibiology students learn to ask

higher level questions®urnal of research in science teachig,854-870.

McBride, J & Muhammad, | (2004). Using an inquirgpaoach to teach science to

secondary school science teachggsics education journaB9(5)

McDermott, L. C& Shaffer, P.S. (1992). Research asGuide for Curriculum
Development: An Example from Introductory Eledtsic Part I: Investigation of

Student Understandinfgnerican journal of physids0: 994-1002.

255



McDermott, L.C (1991). What we teach and what &ned-closing the gagsmerican

Journal of Physics59(4):301-315, April.

McLaren, P. G. (1984Elementary Electric Power and Machin&sdlis Horwood.

mechanics test data for introductory physics caurgenerican Journal of Physics

66:64-74.

Meltzer, D.E.(2002a). The relationship between mathtics preparation and conceptual
learning gains in physics: a possible 'hidden éeilain diagnostic pre-test scores).

American journal of physic§0(12): 1259-1268.

Meltzer, D.E. (2002b). Normalized gain: A key maasaf student learning. Addendum

to Meltzer 200a :<http://www.physics.iastate.eduguticles/index.htn#. Retrieved:

13/03/2011

Meltzer D (1996). Promoting interactivity in Physilecture classe®hysics teaching4,

72.

Mendenhall, C.E., Eve, A.S., Keys, D.A. & Sutton,.MR (1956).College
Physics.Boston.Heath.

256



Mestre, J.P. &Cocking, R.R (2002). Applying theesde of learning to the
education of prospective science teaching. (In: é&ybR.W. (Ed) Learning
science and the science of learning, ArlingstorSTN pressmicro computer-

based laboratories, American journal of physic$1885-54, Jan.

Millar, R. (1989). What is scientific method andncat be taught?
(InWellington, J. ed.Skills and processes in science educatidaw York:

Routledge. p. 47 - 62).

Moore, T.A (1998)Six ideas that shape physiésdcGraw-Hill.

Morris, S C. (2003)Life's Solution: Inevitable Humans in a Lonely Wsrse Cambridge

University Press, pp. 182-185,

Mwanza, D. (2001b). Changing tools, changing atégi1 effects of introducing a CSCL
system to promote learning at wokRk.oceedings of the Euro-CSCL 2001: 1st European
Conference on Computer-Supported Collaborative hiegy (pp. 470-477), Masstricht,

The Netherlands.

257



Nada, C.A., Iman, O. &Waisim, Z. (2009). Studengdternative conception about
electricity and effects on inquiry based teachirigategies International journal of

science and mathematics educatiér,03-132.

Nardi, B. A. (1996).Context and consciousness: activity theory and miomanputer

interaction Cambridge, MA: MIT Press.

Novak, J.D. (2004). Reflections on a half-centufyttonking in science education and
research: Implications from a twelve - year londitial study of children's learning.

Canadian journal of science, mathematics and teldgyp4 (1): 23-41.

Novak, J.D. (2002). Meaningful learning: the essériactor for conceptual change in
limited or inappropriate propositional hierarchieading to empowerment of learners,

science educatiqr86, 548-571.

Novak, J.D. (1998). The pursuit of a dream: edooatan be improved. INintzes JJ,
Wandersee JH & Novak J, (eds.).199Beaching science for understanding: a human

constructivist viewChapter 1. San Diego: Academic Press.

258



Novak, G.M., Patterson, E.T. Gavrin, A.D, & W. Gtian. (1999).Just-In-Time

Teaching:Blending Active Learning with Web Techgglrentice Hall.

Nussbaum, J. &Norvick, S. (1982). A study of corta@pchange in the classroom. Paper
presented at the annual meeting of the Nationabd&agons for research in Science

teaching, Lalle Geneva, and Chicago.

Oliva, J.M (2003). The structural coherence of stud’ conceptions in mechanics and

conceptual changaternational Journal of Science Educatiah,(5): 539-561.

Olivier, C. (2002). Let's educate, train and leauicomes-based: a 3D experience in

creativity, NQF based. Ifafi: OBET pro. 73 p.

Organisation for Economic Co-Operation and Develeph{2008)Reviews of

National Policies for Education: South Afric@ECD, Paris.

Osborne, (1983).Toward modifying children’s ideaoatbelectric currenResearch in

science and technological Educatjdn73-82

259



Osborne, R. (1981). Children's ideas about eteaturrentNew Zealand. Science

teacher,29:12-19.

Pardhan, H. &Yasmeen, B. (2001).Science teachéernate conceptions about direct
conception about direct currenitdernationaljournal of science educatio3(3): 301-

318

Patterson, W. C. (1999]ransforming Electricity: The Coming Generation@fange

Earthscan, pp. 44-48, ISBN85383341X

Periago,M.C.&Bohigas X.(2005). A study of secondayeengineering students’
alternative conceptions about electrical potentialrrent intensity and Ohm’s

law.European Journal of Engineering Educati®®(1): 71-80.

Perry, W.F (1970).Forms of intellectual and Ethical Development ire ticollege

yearsHolt,Rinehart& Wilson.

Piaget, J. (1950)he psychology of intelligen¢dew York, Harcourt Brace).

260



Posner, C.J., Strikes, K.A., Hewson, P.W. &GertadgA., (1982). Accommodation of a
scientific conception: Towards a theory of conceptehange,Science education,

66(2):211-227.

Ramsden, J. (1994). Context and activity-basedneseiein actiorSchool science

review275(75): 7-14.

Rapule, S.D. (2005). Assessing the impact sciensetecs have on the holistic

development of science learners. M.Ed dissertaNimnth-West University.

Redish, E.F., Saal, J.M. & Steinberg, R.N. (1999n the effectiveness of active-

engagementMicrocomputer-based laboratohieerican journal of physic$5:45-54

Reif , F (1991). Cognition in scientific and eveayddomains: Comparison and learning

implications.Journal of research in science teaching 28:733-760

ReVelle, C (1992)The Global Environment: Securing a Sustainable Fjtdones &

Bartlett,

261



Richland, L. E., Morrison, R. G., &Holyoak, K. (R006). Children’s development of
analogical reasoning: Insights from scene analagyplpms.Journal of Experimental

Child Psychology, 9249-273.

Roberts, D. (2000). Strategies for assisting sttedlemercoming their misconception in

high school physics.Memorial University of Newfolsrad.Education 6390.

Rogan,J.M (2007). How much curriculum change israyppate? Defining a

zone of feasible innovatioBcience Educatiqr91:439-460.

Roschelle,J. (1992).Learning by Collaborating: @ogent Conceptual Changé&he

Journal of the Learning Sciengeks265-283,

Sanger, M. J. &Greenbowe, T. J. (1999) .An analg$isollege of chemistry textbooks
as sources of misconception and errors in electi@8(stry, Journal of Chemistry

Education,76(6), 853—-860.

Schwab, J.J. (1962). The teaching of science asirindCambridge, MA: Harward

University Press.).

262



Scott, P.H., Asoko, H.M. & Driver, R.H. (1992). Tedang conceptual change: A review
of strategies (In: R. Duit, T. Gorberg, HNieder ¢lEdResearch in physics learning:
Theoretical issues and empirical studies proceediofy an international workshop.

(March 1991) _http.//www.physics-union-state —edwvém/ICPE/ShtmAccessed:

14/04/2011.

Serway, R. A. (2006%erway's College PhysicEhomson Brooks,

Shipstone, D. (1988). Pupils’ understanding of d$emglectricity circuits: some

implication for instructionPhysics educatiqr23:92-96.

Shipstone, D. M. (1984) A study of children’s urgtanding of electricity in simple DC

circuits,European Journal of Science Education86;-198.

Shuell, T.J. (1987) Cognitive psychology and comgalp change: Implications for

teaching sciencé&cience educatiob(1): 49-59.

Smit, J.J &Nel,S.J (1997).Perception of models letteical current held by physical

science teachers in South Afri&@outh African Journal of Scienc@3(5):202-206, May

263



Sokoloff, D, (1992).Teaching Electric Circuit Copte Using Microcomputer-Based
Current/Voltage Probes. Proceedings of the NATO akded Research Workshop on

Microcomputer-Based Laboratories. Amsterdam, Nowan®13, 1992

Revised 1/22/93.

Solymar, L. (1984)l_ectures on electromagnetic thep@xford University Press

Soviet psychologfpp. 37-71). M. E. New York: Sharpe, Inc.

Spady, W. & Marshall, K. (1991) Beyond tradition@lutcomes-based education.

Educational Leadershjp9(2): 67-72.

Spady, W. (2008a). It's time to end the decadeooffusion about OBE in South Africa.

Unpublished article which led to newspaper article.

Sprod,T. (1998). | Can Change Your Opinion on TRaftcial Constructivist Whole Class
Discussions and Their Effect on Scientific ReasgniResearch in Science Education

Vol. 28 (4), pp. 463-480,

264



Stavy, R. (1991).Using analogy to overcome miscptices about conservation of

matter.Journal of research in science teachi@g(4):305-313.

Stavy, R. &Berkvits, B. (1980).Cognitive conflick a basis for teaching quantitative

aspects of the concept of temperat@eence educatiot¥t:679-692.

Stocklmayers, M &Treagust, D. F (1996).Images acelcity. How do novices and

experts model electric currerdtiternational Journal of Science Educatjdr8, 163-178.

Taraban, R., Box. C., Myers, R.M., Pollard, R. &Bm, C.W. (2007). Effects of active
learning experiences on achievements, attitudesbehdviours in high school biology.

Journal of research in science teachidg,(7):960-979.

Thagard, P. (1992). Conceptual revolution. PringceRrinceton university press. 285 p.,

P. 1992. Conceptual revolution. Princeton: Princetoiversity press. 285 p.

the concept of force&science Education, 831-51.

Thijs, G.D & Van Der Berg, E. (1995). Cultural facs in the origin and remediation of

alternative conceptions in physics. Science andagchn, 4(4):317-347, Oct.

265



Thomas, J.M. (1991). Michael Faraday and the Rimyitute. New York :Wiley.
Trowbridge, L. W., Bybee, R. W. & Powell, J. C. (). Teaching secondary school

th
science: strategies for developing scientific &tsr. 4 ed. New Jersey: Merill Prentice

Hall. 433 p.

Trowbridge, L. W.; Bybee, R. W. & Powell, J.C. (Z)0reaching Secondary School

th
Science. Strategies for developing scientific &itsr. (7 edition).Merrill, An imprint of

Prentice Hall. Upper Saddle River. NJ. Columbuspo@ISA.

Trumper, R (1990).Being constructive: An alternatapproach to the teaching of energy

conceptlnternational journal of science educati®@:343-354

Trumper, R.O. (1991).Being Constructive. An altéine approach to the teaching of

energy concept. Part twmternational journal of Science Education, 13: Q-1

Uden, L (2007). Activity theory for designing mabilearning.International Journal of

mobile learning and organizatiori(1):81-102

Umalusi (2009). From NATED 550 to the new National Curriculum:

maintaining standards in 2008. Part 2: Curriculumdtuation Pretoria:

266



Van der Linde, H.J, Vander Wal, R.E.W & WilkinsoA, (1994).Practical work in
science teaching in developing communiti€outh African Journal of Educatipn

14(1):48-51, Feb.

Vosniadou, S. (1994).Capturing and modeling thecgse of conceptual change.

Learning and Instruction, ,#45-69.

Vosniadou, S. (2007).The cognitive-situative divided the problem of conceptual

change. Educational Psychologist, 42(1), 55-66.

Vreken, N. J. (1980). 'n Ondersoekna die huidigdypka in die ondenig van

fisikaaanvoorgradsestudente. Potchefstroom: PCMI©® (Thesis -.Ph.D.).

Vygotsky, L. (1978).Mind in society: the development of higher psychiclkal

processesCambridge, MA: Harvard University Press.

Wald, M (1990)."Growing Use of Electricity Raisesi€3tions on Supply'New York
Timeshttp://query.nytimes.com/gst/fullpage.html?res=@EBDD1F3AF932A15750C0

A966958260, Accessed: 12/06/2011.

267



Watson (2003).Understanding Physics and Chemistry

Ward, R. (1960)Introduction to Electrical Engineerind’rentice-Hall, p. 18.

Weld, J. (2002). Learner-centered teaching. (Inbdgy R.W. (Ed). Learning science and

the science of learning, Arlinton, Virginia: NSTAgss.)p 77-83.

Wesi, R.P. (2001). Higher Diploma Hducation for Physical Science teachers

Workbook for Subject for didactics.Northwest Unisigy.

Wesi, R.P. (1997). Conceptualization of core coteap electricity by physical science

teachers.M.Ed.dissertation, Potchefstrom UnivefsityChristian Higher Education.

Western Cape Education Department (20G8a)sical Sciences -Paper. 1

Available at http://wced.wcape.gov.za/documentsB288am- .Accessed :26

February 2010.

268



Western Cape Education Department (2008mysical Sciences -Paper. 2
Available at http://wced.wcape.gov.za/dOSCumen@82&xam-

reports/reports/ physical science/ Accessed 26uaepi2010.

White, R. T. &Gunstone, R. (1992).Probing underdiiag. New York: Falmer. 196 p.

White, R.T. (1988). Learning Science. Oxford: Blael. 227 p.

White, R.T. (1992). Implications of recent reséamn learning for curriculum and

assessmendournal of curriculum studie®4,153-164.

Wiggins, G.P. &Mctighe, J. (1998).Understanding lo\esign. Alexandria, VA:

Association for supervision and curriculum develepin

269



APPENDIX A

TEST ON THE ELECTRIC CIRCUIT CONCEPTUAL EVALUATION
Instructions

This test consists of two sections. In section @y yare required to fill in your personal
information and section B, you are required toleittie correct alphabet and you must

justify your answer.

SECTION A: Biographical and Background Information
Name

Name of School

Province

Year Completed Grade 12

Gender

NCS/OIld Curriculum
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SECTION B

NB: On this test, all batteries are ideal (they ha® no internal resistance), and

connecting wires have no resistance.

Q1 Which bulb will glow in the following scenari@lagram A or B (2)

A B

© Q0

Justify your answer 3)

Q2 What happens to the brightness of the bulb adentical bulb is added in parallel?

Does it (1)

(a) become brighter,
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(b) dimmer,or

(c) remain the same?

Justify your answer 3)

Q3 If the switch is open, what happens to the tasee of the bulb (resistor)? (1)

QO

(a) The resistance increases

(b) The resistance decreases
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(c) The resistance becomes zero

(d) The resistance stays the same

Justify your answer

@)

Q4

Gap

Bulbs 1and 2 are identical. Then:
a) Vgap:V]_=V2=1V
b) Vgap =V1=V2=OV
C) Vgap:V]_=V2=3V

d) Vgap :3V,V1:V2:OV

Justify your answer

(1)

®3)
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Q5-12

Refer to the circuit below in which four identidallbs are connected to a battery. (The

switch S, is initially closed as shown in the deg)

—1| -
1 ‘@‘ 4

O o
-

3

Q5Which of the following correctly ranks the buibdbrightness? (2)

A. All bulbs are equally bright

B. Bulb 1 is brightest; bulb 2 next brightest, bulbhékt brightest and bulb 4 dimmest

C. Bulbl is brightest; bulbs 2 and 3 are equally krigind each is dimmer than
bulbl;bulb 4 is dimmest

D. Bulbs 1 and 4 are equally bright; bulbs 2 and 3 exqqeally bright, and each is

dimmer than bulbl or 4
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E. Bulbs 2 and 3 are equally bright; bulbs 1 and 4 exqqeally bright, and each is
dimmer than bulb 2 or 3
F. Bulb 1 is brightest, bulb 4 is next brightest; ulband 3 are equally bright, and
each is dimmer than 4
G. None of these is correct
Justify your answer (3)

Q6Which of the following correctly ranks the currédiowing through the bulbs? (1)

A

All bulbs have the same current flowing throughnthe

The current through bulb 1 is largest, bulb2 nexgést, bulb 3 next largest and
bulb 4 smallest.

The current through bulbl is largest; bulb 2 is saene as bulb 3, and each is

smaller than bulbl1.bulb 4 is smallest.

. The current through bulbs 1and 4 is the same; Bukbthe same as bulb 3, and

each is smaller than bulbl or 4

The current through bulb 2 and bulb 3 is the samé#) 1 is the same as bulb 4,
and each is smaller than bulb 2 or 3.

The current through bulbl is largest, bulb 4 istrargest; bulb 2 is the same as

bulb 3, and each is smaller than bulb 4.
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G. None of these is correct

Justify your answer 3)

Q7Which of the following correctly ranks the potahtlifferences across the bulbs? (1)

A) All bulbs have the same potential difference actbem

B) The potential difference across bulb 1 is largestb 2 next largest, bulb 3 next
largest and bulb 4 smallest

C) The potential difference across bulbl is largestbR is the same as bulb 3, and
each is smaller than bulbl. bulb4 is smallest

D) The potential difference across bulbl is the sasleutb 4; bulb 2 is the same as
bulb 3, and each is smaller than bulb1 and bulb 4.

E) The potential difference across bulb 2 is the sambulb 3; bulbl is the same as
bulb4, and each is smaller than bulb 2 and bulb 3.

F) The potential difference across bulb 1 is largesk) 4 is next largest;bulb?2 is the
same as bulb 3,and each is smaller than 4

G) None of these is correct.

Justify your answer 3)
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Q8What happens to the current through bulb listhigch, S, is opened?

A) lItincreases

B) It remains the same

C) It decreases

D) Not enough information is given

Justify your answer

(1)

®3)

Q9What happens to the current through bulb 2 ifsthigch, is opened?

A) lItincreases

B) It remains the same

C) It decreases

D) Not enough information is given

Justify your answer

(1)

®3)
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Q10 Based on your answers to questions (8) andof@pare the current through bulb 2

with the switch, S, opened to the current througl i before the switch was opened (1)

A) The current through bulb 2 equaled the currentutinobulb 1 before S was
opened.

B) The current through bulb 2 was more than half treenit through bulb 1 before
S was opened.

C) The current through bulb 2 was half the currenbulgh bulb 1 before S was
opened.

D) The current through bulb 2 was less than half tiveeat through bulb 1 before S
was opened.

E) Not enough information is given.

F) None of these is correct.

Justify your answer 3)
Q11 Bulbs 2 and 3 are connected: Q)

A) In series

B) In parallel

C) In series and parallel

D) Neither in series nor parallel
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Justify your answer 3)

Q12 Bulbs 1 and 3 are connected Q)

A) In series

B) In parallel

C) In series and parallel

D) Neither in series nor parallel

Justify your answer 3)

Questions 13 and 14 refer to the figure below inctithree resistors are identicaly R
Re= Rc.

Q13What can you say about the currgrihrough R? (1)
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R

A
A =lg, only
B =Ic, only
C=k=lc
D=lg+Ic
E=lk-lc

F.None of these is correct

Justify your answer (3)
Q14 What is the relationship betwegrahd t ? (1)
A lg=:Ic
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B. |B=§ o
C. IB = IC
D. |B=2 IC

E. IB :3|C

F. None of these is correct.

Justify your answer

(©)
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ACTIVITY-BASED INTERVENTION

APPENDIX B
CONTEXTUAL PROBLEM
Bicycle Analogy

Chain links are like electric charges

-—P PUSHING ON THE

PEDAL I3 THE
SOURCE OF EMNERGY

B A ClLAIN OF LINKS
TEIAT MOVE

BACK WHEEL USES
THIE ENERGY

(Adopted from Watson, 2003)

1. Explain how energy is transferred when a bicycleedaled
2. What is the function of the chain?
3. What will happen if the chain breaks?

4. How does this model resemble an electric circuit?
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CONCEPTUAL PROBLEM

Experiment 1

Apparatus; 3 cells, connecting wires and a bulb.
Instructions:

1. Connect a bulb to a single cell and observe thghtmess of the bulb.
2. Repeat the above step with two and three cellsexind in series (make sure you
do not overload your circuit).

3. Record your observation on the table below.

Number of Cells Brightness

One

Two

Three

1 How does the number of cells connected in serifestathe brightness of the

bulb?

2 What relationship can be deuced between the nuwibeells connected in

series and the energy delivered to the bulb?
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3 What will happen to the filament of the bulb ibre and more cells are connected

in series?

Experiment 2
PART |
Apparatus: two cells; three bulbs and connectingsvi

Instructions:

1 Connect one bulb to a battery of two cells and ofesis brightness

2 Repeat the above with two and with three bulbsieoted in series
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3 Record your observation in the table below

Number of bulbs

Brightness

One

Two

Three

1 How does the brightness of two cells compardl| itheee cases?

2 Explain why the brightness of the bulbs decreasesnore bulbs

series.

are

connected in

PART I

1. Connect one bulb to a battery of two cells , an&sues the current using the

ammeter

2. Connect a voltmeter across the circuits elements

3. Repeat the above the above step with two and itetbulbs connected in series
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S

11
1 |}j
11
Number of bulbs| Current Potential Difference
strength

One
Two
Three

. What happens to the ammeter reading every timeéaidadded?
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Experiment 3
Apparatus: 3 bulbs, 2 cells, connecting wires anchater
Instructions:

1. Connect a battery of two cells to three bulbs imese and observe the brightness

of the bulbs.
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2. Use an ammeter to measure the current in the tircui
3. Disconnect the circuit and connect the three birdhzarallel to a battery of two
cells Observe the brightness of the bulbs.

4. Use an ammeter to measure the current in the tircui

Brightness Current

Series circuit

Parallel Circuit
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How does the current strength in a series conme¢balbs) compare to that in

parallel connection?

. When light bulbs are connected in parallel suctt tha current branches will

equal current flow through the bulb?
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FORMAL PROBLEM

1)Bulb A glows brighter than B when both are corteddo a 12v source as indicated in

the diagram below.

The same bulbs now are connected to the same TuMesas indicated in diagram Y.
By referring to potential difference, currents, kp how the brightness of the two bulbs

now compare.
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2) In the circuit belowthe amneter reads 2A when the switch S is open and 3A wh

is closed. Eachesistance has a value Q

¢ 6Q

6Q)

Calculate

i) the internal resistance(r) of the batt
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i) the emf of the battery.

3) Consider the circuit below. Here a battery vathf of 12 V has an internal
resistance of 0.X0. If the two light bulbs whose resistances when et
50Q and 10@, respectively, as shown in the figure, what aeedbrrents in

the three branches of the circuit?

50Q
]
l, 12V
a [o.100 I | b
I |
I l
00 Q
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APPENDIX C
Formal Problem 2

The historical development of emf, potential diflece and internal resistance was used
to ameliorate the students’ alternative conceptionthis formal problem by discussing

them as below.

Emf and potential difference

Cells supply energy to charges that move through an electric circuit. The amount of
energy that a cell can supply to one coulomb ofrgdgassing through it (from the
negative terminal to the positive terminal) is edllthe emf of the battery. Emf is
measured in volts just like potential differencetdntial difference is however associated
with the energy drop experienced by each coulombhairge when passing through a
component in a circuit, while emf is associatedhwiite total energy gained by each

coulomb of charge passing through the cell (Cu8delhnson,1998).

Historically it was believed that a certain kindfofce is responsible for pushing charge
through the cell or battery. This force was refén@ as the electromotive force (emf). It
was later found that the concept of the electromeokdrce is not descriptive of the actual
situation and was discarded. However the usedeotedtm emf was retained, and is used
to refer to the total amount of energy suppliedne coulomb of charge passing through
the cell. Potential difference refers to the enesgg coulomb of charge, when passing
through a current element (appliance) can trartsfehat element. The concept of emf
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and potential difference are defined to enableantjative description of energy transfer

in a circuit.

Internal resistance

Batteries or cells also offer resistance to thevftd current through them. When a cell
supplies current, charges flow in the whole cirgirhultaneously, i.e. also in the cell
itself. It is therefore logical that the chargergzs will also experience resistance inside
the cell due to collision. This resistance is ahligternal resistance of the cell. Energy is
therefore also used in the cell to move the charglee cell. Not all the energy of a cell is

therefore available for conversion in the exteaiauit.

To ameliorate students’ alternative conceptionstiga problem you need to remind
students that the emf and internal resistanceles@ya constant and you need to put r as

a separate resistor in series with the battery.
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i) For open switch

Emf=1(r+R)
Emf = 2(r + 6)

For close switch

Current is increasing because of low resistance.tivo resistors are in parallel

1 1 1
R Parallel “r1 +R2
1 1
= 676
242
12
4
T 12

12 . .
Treuprocal inverse

3Q

Emf=I(R+r)

= 3(3+1)
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Equate the two equations

2r+12=3r+9

r=3Q

The internal resistance of the battery (3Q

il) The emf of the battery
Emf=1(r+R)
=2r+12
=2(3) + 12
=18V
Formal problem 3

To arouse students interest the lecturer introdtleedhistory of Gustav Robert Kirchhoff
(1824-1887) whose first contribution to physics wias analysis of electrical networks
while he was still a university student at the a§@1. Kirchhoff was confined to wheel
chair or crutches for many years as a result ofaecident. One day his banker,
unimpressed by Kirchhoff’s ability to locate elerteern the sun with spectroscope,
asked him, “Of what use is gold in the sun if | manbring it down to the earth?” Some
years later when Great Britain presented Kirchheith a gold sovereign for his

research, Kirchhoff handed it over to the same egnkith the sly remark “Here is your
gold from the sun”. This was done to introduce @éolphical element into physics

teaching.
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The first step is to draw the current, which we énatosen to be clockwise around the

circuit. This is arbitrary, and if it is incorredtwill turn negative

The junction is a point in a circuit where a numbkwires are connected.

5A

2A

v

TA

To help students on the difficulty of applying thumction rule the above example was
given. In other words the junction rule states thattotal current directed into a junction

must equal the total current out of the junctian/A = 5A + 2A.

Now we apply the junction rule at point a

I;moves into the junction arld + 13 moves out of the junction in other words :
I1= 1, + Isfrom the junction rule.

The difficulty on applying the loop rule was cotiet by following the steps
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To apply the loop rule first step is to draw thereat, which we have chosen to
be clockwise around the circuit. This is arbitraagd if it is incorrect, | will turn

negative.

The second step is to mark the resistors with aghds minus signs, which serve
as an aid in identifying the potential drops arsksi for Kirchhoff's loop rule.

Remember that, outside a battery, conventionakatiis always directed from a
higher potential (+) toward a lower potentig). (Fhus, we must mark the
resistors to be consistent with the clockwise dioecchosen for the current. The
loop rule states that around any closed circuipjdbe sum of the potential drops

equals the sum of the potential rises.

The other thing which is important is that a patntirop is from positive to

negative (+ to -), and potential rise is from negato positive (- to +).

Potential drop is equal to potential rises

From the loop rule, on going around the loops ologkwise direction. Let us consider

the upper loop. The other thing which is importatthat a potential drop is from

positive to negative (+ to -), and potential risérom negative to positive (- to +).

For the upper loop:

In a clockwise direction

(0.12) potential drop (+ to -) of IR = (0.1D)I;
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(50Q2) potential drop (+ to -) =30)I,

(12V) potential rise (- to +) of 12V across the\lDattery

Potential rise = potential drop

12v =(0.1@)I; + (50Q)I,

12V - (0.1@2)11- (50Q)I,= 0 equation 1
For the lower loop:

0.12 potential rise of IR = (0.XQ)I;Remember that, outside a battery, conventional

current is always directed from a higher poter(tidl toward a lower potential (-).
100Qpotential rise of IR £100Q2)I3

12V potential drops 12V across the 12V battery

Potential rise = potential drop

(0.100)1; + (100)15 = 12V

-12V + (0.1®)1; + (10A)Is= 0 equation 2

On adding these two equations, we obtain

10015 = 501,0r I, =2I3

Henceli= I, +13=2I3+ 13=3l3

On substituting this in our second loop equatiorhaee -12V + (0.1Q)I; + (50Q2)I3= 0

I3=12V/100.32=0.12 A
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Hencel, =213 = 2(0.12A) = 0.24 A

l1= 3l5= 3(0.12A) = 0.36 A
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APPENDIX D

Information & Consent Form

Date:

Title of Project: The effect of activity-based instructional appioax in ameliorating

students’ alternative conceptions about electricity

Supervisor. Prof. SN Imenda

ResearcherMr MP Rankhumise

Study Overview

I am a Doctoral student in the Department of Mathtirs, Science and Technology
Education at the University of Zululand conductirggearch under the supervision of
Prof.SN Imenda.You are invited to participate irstady investigating the effect of
activity-based instructional approaches in amelingastudents’ alternative conceptions

about electric circuits.
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What You Will Be Asked to Do

As a participant in this study, you will be askedparticipate fully in the study, by first
completing a questionnaire and take part in thidevigy-based lessons and after the

lessons then you will complete a questionnaire.

Personal Benefits of the Study

The study forms part of your syllabus.

Confidentiality

All information you provide is considered complgtelonfidential; indeed, your name
will not be included or in any other way associatedh the data collected in the study.
Furthermore, because the interest of this studg the average responses of the entire
group of participants, you will not be identifieddividually in any way in any written

reports of this research.

Thank you for your interest in our research andyfur assistance with this project.

Consent of Participant

| have read the information presented in the infdram letter about a study being
conducted by Mr Rankhumise M.P under the supemvisidProf. S.N.Imenda, Faculty of
Education at the University of Zululand. | have hid opportunity to ask any questions

related to this study, to receive satisfactory arswo my questions, and any additional
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details | wanted. | am aware that | may withdraenfrthe study at any time by advising

the researcher of this decision.

With full knowledge of all foregoing, | agree, ofynown free will, to participate in this

study.

Print Name

Signature of Participant

Date

Witness
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