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ABSTRACT

This study presents an action research project on teaching and learning where
understanding of fundamental concepts and their relationships in electric circuits were explored.
A sample of 20 Grade 11 Physical Sciences learners was conveniently selected from one of the
township schools in the uMgungundlovu District. A single case design was used, treating
learners as both a case and the unit of the study. An interpretive approach was used to collect
data in the form of concept maps, audio discussions, and a semi-structured interview. A series of
three concept mapping sessions were conducted to probe and deepen learners’ understanding of
the relationships between key concepts in circuits as reported in the literature, including the
Department of Basic Education’s diagnostic reports over the years. A semi-structured interview
focused learners’ conceptual understanding of key concepts in electric circuits after undergoing

teaching activities and collaborative concept mapping.

Analysis and interpretation of the results indicated that learners understand that there is a
significant relationship between the potential difference, resistance, and current in an electric
circuit known as the Ohm’s Law. This relationship was expressed both descriptively and in
mathematical form. Although learners showed expected understanding of the relationship
between key concepts in electric circuits, they still had issues when it came to providing
scientific reasons as to why the circuit behaved that way. This was an indication that more
emphasis needed to be put in the discussion of the cause and effect of concepts in electric
circuits. The findings of this study also revealed that learners rarely use their prior knowledge
when constructing a concept map to deepen their understanding of new concepts as suggested by

the literature.

While there were some noticeable improvements in their understanding of the Ohm’s
Law, it was also found that some learners had alternative conceptions regarding the relationship
between the power source and the electric current in a circuit. Another alternative conception
was related to the views that learners have about the voltmeter readings which hindered them
from fully understanding the concept of potential difference. Learners also showed alternative
understanding related to windmills and how they are used in the real world. Some alternative

conceptions, such as the power supply alternative conception, were successfully addressed
i



during teaching. However, the meanings attributed to the voltmeter reading alternative
conception remained unchanged throughout the study despite attempts to address them. The
study therefore proposes that concept maps should be used with several other teaching aids such
as PhET simulations to help learners navigate through their difficulties and simplify the process

of learning key concepts in electric circuits.
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CHAPTER ONE - INTRODUCTION

1.0. Introduction

For several years now, learners in the school where I teach Physical Sciences have
experienced difficulties in this subject. Internal analysis of the situation and results suggests that
one of the causes of poor performance can be attributed to the learners’ attitudes towards the
subject, and the way science is taught in this school. It is, however, unclear as to why learners
have such negative views of Physical Sciences as a subject. Nevertheless, it can be hypothesized
that the changes that took place within the school have impacted how learners view some
subjects. The school started as a vocational institution that focused on skills development
subjects such as Motor Mechanics, Electrical Technology, and Civil Technology; and was later
separated into a Further Education and Training (FET) College and a Technical High School.
This change was met with hostility as learners were forced to do Physical Sciences which they
didn’t like because they had enrolled in the school to learn practical skills such building,
mechanics, and electricity. Since then, the stigma surrounding this subject has been tough to

remove; hence, the results have been affected over the years.

The Technical High School has three teachers who teach Physical Sciences from Grades
10 to 12. One teacher has Bachelor’s degree in education (B.Ed.) qualification, the other has a
Bachelor of Science (BSc) degree in Chemistry qualification with a post-graduate certificate in
education (PGCE), and | have a B.Ed. degree and a post-graduate Honor’s degree in Science
education. The school is relatively big, with the number of classes that are doing Physical
Sciences in each grade being, three (3), two (2), and three (3), in grades 10, 11, and 12
respectively. The average number of learners in each class is 40. Teaching learners with
negative attitudes towards Physical Sciences, and the pressure from the Department of Basic
Education (DoBE) poses a challenge for teachers to be inventive in their instructional
approaches. In consequence, most of us mainly focus on drilling learners for the National Senior

Certificate (NSC) examination in order to help them get minimum pass mark in Grade 12.



The focus on teaching for the exams has caused more harm than good for these learners
as they learn to memorize concepts without holistic knowledge of the subject. Hence, learners
are failing to demonstrate the foundational knowledge that they are expected to master for the
NSC examination. Kolobe (2017) argues that school science should be taught and learned in a
manner that allows learners to reflect deeper understanding of the basic concepts and their
relationships in Physical Sciences. Teaching and learning which focus mainly on preparing for
the exams perpetuates the existing problem of rote memorization of certain concepts in Physics,
instead of improving the situation. It is therefore important to research the source of the problem,
and find out where learners’ knowledge is deficient in order to help them improve. This can be
achieved by conducting an action research study which incorporates some of the well-researched
teaching and learning strategies that promote meaningful learning of concepts instead of rote
learning. From this, we are likely to explore the learners’ understanding of important concepts in

Physics and how their knowledge of these concepts develops over time.

The ongoing conflict between the need to improve learner performance in the NSC
examinations and the competing need to ensure meaningful teaching and learning in science
education are of immediate concern for educators and the DoBE in South African secondary
schools. Recent studies in science education reveal difficulties that South African teachers are
facing in the classroom concerning the influence of external examinations on the experiences of
learners (Binns & Popp, 2013; Hobden, 1998; Kolobe, 2017; Mokiwa, 2017). Hobden (1998)
argues that one of the many consequences of this is the relegation of meaningful science learning
to a secondary position, with external examination preparation and drilling being the main focus
of classroom activities. The challenge posed by the high stakes examination system is still as it
was more than 20 years ago when Hobden (1998 p. 3) pointed out that, “it puts more pressure on
teachers to ‘teach for the exams’ rather than conceptual understanding; consequently, the
classroom activities become routine in order to accommodate this system”. Hobden (1998)
further argues that learning that focuses only on exam preparation is not effective in developing

learners’ conceptual understanding of key scientific concepts.

Narrow focus on passing the NSC examination increases the risk of poor performance

whereas prioritizing meaningful learning actually increases chances of doing well in the
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examinations. The lack of focus on meaningful learning of topics, such as electric circuits in
Physical Sciences, has caused many challenges for learners who are expected to write it in their
final NSC examination. There is a vast body of literature that shows that learners of all ages have
difficulty in understanding the relationships between critical concepts in electricity (Anita,
Assagaf, & Boisandi, 2018; Lombard & Simayi, 2019; Onder, Senyigit, & Silay, 2017). Even the
diagnostic reports from the DoBE report that learners find several aspects in electric circuits
challenging (Department of Basic Education, 2015, 2016, 2017). Issues raised in these reports
include shallow understanding of the behavior of the circuit, shallow conception of the
relationships between key concepts such as resistance, current, and voltage, difficulties in linking
microscopic aspects of electric circuits as described in the Ohm’s Law equation, and that many
learners are unable to draw and interpret graphs when given a set of data. According to the South
African Curriculum and Assessment Policy Statement (CAPS): Physical Sciences (Department of
Basic Education, 2011), electricity is covered from Grades 7 to 12, while the concept of internal
resistance is introduced at Grade 12, where the focus is on the application of the equation ¢ = LR
+ Ir. Thus, learners need to have developed a sound knowledge and understanding of this topic

by the time they get to Grade 12 in order to do well in their final NSC examination.

One of the ways in which understanding of concepts in electric circuits can be developed
is through concept mapping. According to Govender, Good, and Sibanda (2016), “Concept
mapping is a learning aid that embodies the principles of meaningful learning and can deepen
discussions among learners about scientific concepts”. Since Novak and Gowin (1984) first
introduced it, concept mapping has been the subject of many research studies, such as
Bressington, Wong, Lam, and Chien (2018) and Govender et al. (2016) to name but a few. There
is a standard view amongst scholars that collaborative concept mapping can assist both
individual and group learning in science (George-Walker & Tyler, 2014; Govender et al., 2016;
KiliC & CAkmak, 2013). Similarly, collaborative learning is one of the strategies that are
promoted as supporting and reinforcing learning in a positive manner (Govender et al., 2016).
Thus, engaging in the process of collaborative concept mapping could prove to be beneficial for
learners as they develop their understanding of key concepts in electric circuits. Although the

focus on collaborative learning is on the co-construction of meanings and developing shared



understanding of concepts and ideas, alternative conceptions will still occur, and this can impede

a group from developing a holistic understanding of the topic under study.

To identify the problem for this study, | looked at the Grade 12 NSC examination results
and diagnostic reports between 2015 and 2017, where | found this topic to be problematic. The
findings in the reports over these three years show a similar trend on some of the common
alternative conceptions and difficulties that the learners have in electric circuits. In this case, for
example, it was found that learners could not distinguish between the concepts ‘electromotive
force’ and the ‘potential difference’; questions that require integration of two topics, namely
power in the gravitational field and power to the electric field, were also challenging to them;
when it comes to graphical interpretation of a series-parallel context, leaners could not
understand that the gradient of the potential difference vs. current graph gives resistance and that
the parallel connections of resistors give a lower resistance hence a less steep graph; moreover,
some of these learners found it difficult to answer questions related to the operation of an electric
circuit and the application of Ohm’s Law in problem-solving; additionally, the reports also
revealed that learners had alternative conceptions when it came to the flow of electric current
(Department of Basic Education, 2015, 2016, 2017). However, the majority of the content for
this topic in the FET phase is mostly in Grade 11. It is, therefore, highly likely that learners do
not have the necessary foundation supposedly built in the previous grades. Consequently, this
study will focus on the learning of electric circuits done in Grade 11 to try and build a solid
foundation for Grade 12. The findings of such a study would help us determine why learners
experience difficulties in understanding the relationships between important concepts in electric

circuits, and hopefully improve the teaching practices of most teachers.
1.1. Rationale for the research

The present study has the potential to bring about change in the way science teachers help
their learners overcome difficulties in the study of electric circuits. The motivation to undertake
this study was to help in-service teachers, who are under constant pressure from the DoBE to
improve the performance of learners in Physical Sciences, by clearly identifying and unpacking
the challenges they face as well as providing practical and effective ways of overcoming it. By
improving concept-specific teaching and enabling constructive learning strategies, positive
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results will be achieved. Therefore, a study of this nature could help science teachers improve
their practice by proposing an alternative topic-specific instructional strategy such as
collaborative concept mapping, which helps learners construct knowledge, thus removing their
focus from merely trying to pass an examination. The present study will also raise awareness of
the potential alternative conceptions in electric circuits that learners might bring to the
classroom. The intention was to explore learners' understanding of key concepts in electric
circuits while they collaboratively construct concept maps. It was hoped that collaborative
concept mapping could assist in addressing some of the problems which have been reported in
the literature and the diagnostic reports. The suggestions for learners' improvement in this topic
mentioned in the diagnostic reports indicate that teachers need to help learners gain a holistic
understanding of critical concepts and their interdependence. However, the CAPS does not
suggest any learning strategies for teachers to introduce to their learners when engaged in the
process of learning electric circuits. Literature, however, suggests that collaborative construction
of concept maps is one of the well recommended learning strategies to improve understanding of
key concepts in any knowledge domain (Bressington et al., 2018; van Boxtel, van der Linden,
Roelofs, & Erkens, 2002). It was therefore believed that the use of a learning strategy like
collaborative concept mapping could assist Grade 11 Physical Sciences learners in grasping
essential concepts and overcome difficulties in solving problems related to electric

circuits. Hence, the rationale for conducting a study of this nature was to explore understanding
of 20 Grade 11 Physical Sciences learners who made use of collaborative concept mapping

strategy to deepen their knowledge of key concepts in the topic of electric circuits.
1.2.  The objectives of the study

Two main objectives guided this study. First, the study sought to explore 20 Grade 11
Physical Sciences learners’ understanding of key concepts in electric circuits as they
collaboratively constructed concept maps. The second objective of the study was to examine how
the 20 Grade 11 Physical Sciences learners’ understanding of key concepts developed over time
as they made use of collaborative concept mapping strategy to deepen their knowledge of electric

circuits.



The research questions addressed in this study are:

1. What are Grade 11 Physical Sciences learners’ understanding of key concepts in electric
circuits?

2. How have Grade 11 Physical Sciences learners’ understanding of key concepts in electric
circuits developed as they collaboratively constructed concept maps to deepen their
knowledge of these concepts?

1.3. A summary of the chosen methodology

This study explored 20 Grade 11 Physical Sciences learners’ understanding of key
concepts in electric circuits through collaborative concept mapping. An action research approach
of planning, action, analysis, and reflection was used during the process of teaching and learning
of this topic. The focus of the study was on a single case of 20 learners who were divided into
four groups of five in three rounds of collaborative concept mapping tasks that were designed to
assist in deepening their knowledge of key concepts in electric circuits. The study made use of
qualitative design, and data were collected using concept maps collaboratively constructed by
learners, audio recordings, and a semi-structured interview schedule. Concept maps were
analyzed using a model designed by Novak and Gowin (1984). Inductive reasoning was used to
analyze the semi-structured interview. Themes for the interview came from the available data
and literature. For this study, social constructivism was used to examine the learning of key
electric circuits concepts through collaborative concept mapping exercises which formed the

basis of my instructional approach (Fergusson, 2007).
1.4. Outline of the dissertation

Succeeding this chapter, Chapter 2 outlines the theoretical framework for the current
study. This study is guided by social constructivism and concept mapping theory in its quest to

understand how learning takes place in the classroom.

In Chapter 3, | review literature on studies that have been undertaken on the teaching and
learning of electric circuits. Research which have shown learners' difficulties in this area are

discussed, and others highlighting the importance of prior knowledge on teaching and learning



are also reviewed. The South African Curriculum on the teaching of electric circuits is also

reviewed.

Chapter 4 is an outline of the research methodology undertaken in this study. It explains
in detail methods that were adopted, data collection instruments, and how the participants for this
study were identified. Justification of the chosen instruments and the approach to the research are
also included. I conclude this chapter by outlining the ethical considerations, validity, and

reliability of the study.

The findings of the overall research are presented in Chapter 5. The reporting of the
qualitative findings starts with a description of the context of the study. This is followed by the
presentation of the concept maps constructed by learners over three rounds. The chapter

concludes by presenting responses from the semi-structured interview of four of the 20 learners.

In Chapter 6, | present the analysis and interpretation of the research findings. Answers to
each research question are presented. A discussion ensues, comparing and contrasting the results
from the current study with those from previous studies. | conclude this chapter by reflecting on
the main problem, the method followed, and the data collected. The limitations of the study are

discussed, and suggestions for future work are made.



CHAPTER TWO - THEORETICAL FRAMEWORK

In this chapter, I discuss the social constructivist theory as a theoretical framework used
to guide and frame this study. | also discuss the epistemological approach of concept maps by
showing how they can be used within constructivism. For purposes of this study, social
constructivism was used to understand learning of key electric circuits concepts through the use
of collaborative concept mapping exercise, which formed the basis of my instructional approach.

Social constructivism is discussed in terms of how it informed and shaped this study.
2.1.  Social constructivist theory

To understand the meaning of social constructivism, one must be familiar with a
definition of the term constructivism. In a nutshell, constructivism is a theory of learning which
stems from the notion that people use their prior knowledge to make sense of new knowledge
(Bennett, 2005). Collaborative concept mapping is based on the notion that learning is born
through social interactions as individuals work together to make meaning of concepts within a
given topic (Novak & Caiias, 2006). Bodner, Klobuchar, and Geelan (2001) highlight three
different forms of constructivism: personal/cognitive constructivism, radical constructivism, and
social constructivism. This study is located within the social constructivism theory, which is the
view that knowledge is a result of co-construction of meaning within a social context. For the
classroom practice of the study a socio-constructivist approach was used, which meant providing
learners with opportunities to work in groups in collaborative learning and develop their concept

maps together.

The philosophical basis of collaborative concept mapping lies in Lev Vygotsky’s (1978)
social constructivism theory. Social constructivism emerged in response to limitations in Jean
Piaget’s (1936) theory on how individuals learn and process information. Piaget (1964)
developed the notion that an individual’s prior experiences influence the learning of new
information. Essentially, Piaget believed that people construct their own meanings from what
they experience. However, constructivist research shows that the use of Piagetian ideas on the
individual’s reaction to experience and to the process through which understanding are formed

has some limitations. Vygotsky (1978) was one of those who led the criticism of Piaget’s
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emphasis on construction of meaning based on individual experiences. He argued that our
learning and thinking patterns are shaped by social interactions. Vygotsky (1978) observed that
the interaction between learners in a collaborative task results in co-construction of meanings; as
such, knowledge can be seen entirely as a negotiated human construct. Consequently, during a
collaborative concept mapping task, learners are constantly engaged in meaningful discussions
about the relationships between critical concepts in a particular knowledge domain, thereby,

developing meanings of these concepts as they construct and reconstruct their concept map.

Vygotsky’s social constructivism theory posits that we learn best from interactions with
persons who are more knowledgeable in that particular content area than us. In the classroom,
Vygotsky maintains that rather than a teacher giving learners information (direct instruction),
teachers and learners should collaborate so that learners are playing an active role in the
construction of meaning. Furthermore, Vygotsky acknowledges that often a knowledge gap
exists between what the learner can do independently and what the learner can only do with the
guidance of a teacher. He called this gap a “zone of proximal development” (ZPD). Within the
ZPD, Vygotsky believed that a learner could benefit from the assistance of an adult or teacher
(referred to as the more knowledgeable other) to develop within this zone (Vygotsky, 1978).
Fergusson (2007) argues that social constructivism assumes that knowledge is held collectively
within a group or society, and learning is embedded within a social context. Furthermore,
Ferguson also contends that the social constructivism theoretical framework, is most appropriate
for studies that focus on meaning-making, concept construction, or diagnosing alternative
conceptions. Exploring learners’ understanding of key concepts in electric circuits as they
worked in groups to construct concept maps in collaborative learning was underpinned by socio-
constructivist theory when learners learnt about key concepts in electricity in class, and when

they constructed concept maps in three different stages of the concept mapping process.
2.2. Social constructivism in collaborative concept mapping

Concept maps were first developed by Joseph Donald Novak in the early 1970s based on
Ausubel (1963) theory of meaningful learning. A concept map is regarded as a valuable tool for
helping learners acquire and understand knowledge structure (Govender et al., 2016). It is the
process of creating knowledge, organising and representing it as well as establishing links
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between various elements of a given body of knowledge or topic (George-Walker & Tyler,
2014). The collaborative construction of a concept map is based on the socio-constructivist view
that meaningful learning occurs when a group of individuals chooses to relate new knowledge to
its own experiences and prior knowledge to form understanding of the new knowledge (Kinchin,
Hay, & Adams, 2000). Scholars contend that concept mapping, as a collaborative learning
activity, is successful in encouraging learner-learner or learner-teacher interactions during a
discussion, and allows for visual representation of ideas within a given topic (Duit & Treagust,
2003; KiliC & CAkmak, 2013; Novak & Gowin, 1984). The interactive platform that
collaborative concept mapping provides stimulates knowledge co-construction rather than
knowledge discovery. van Boxtel et al. (2002) argue that as peers work together on a common
task, mutual understanding is created. This, in turn, stimulates ‘abstract talks” about concepts,
which results in improved understanding of the topic as a whole. Thus, these scholars argue that
the strength of collaborative concept mapping is to provoke co-construction of meanings. In this
way, the elaborate input of each individual group member in constructing the concept map

provides the basis for enhanced conceptual understanding.

The development of a concept map tool was due to the need to show explicitly the
relationship between concepts and propositions in order to make sense of new knowledge (KiliC
& CAkmak, 2013). Concept maps not only show how learners think concepts are related, but
they also provide a record of a learner’s cognitive structure (Bramwell-Lalor & Rainford, 2014).
Literature reveals that concept mapping not only allows organizing and presenting the
knowledge but also promotes meaningful learning because it provides clarity concerning the
relevant relationships between concepts within a given knowledge domain (Gonzélez, Palencia,
Umafia, Galindo, & Villafrade M, 2008). Novak and Cafias (2006) assert that meaningful
learning via concept mapping requires three conditions:

1) Meaningful material: It is the role of a teacher to provide the learning material which
is conceptually clear and relates to the learners’ prior knowledge.
2) Relevant prior knowledge: This condition can be met by a learner from their early

childhood development for any domain of subject matter.
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3) Learner’s choice to learn meaningfully: Teachers or mentors can assist in this

condition through motivation of learners.

Novak and Gowin (1984) argue that instructional strategies should enhance learners’
understanding by first establishing learners’ prior knowledge and develop activities that give
learners an opportunity to learn from each other and from their teacher to construct their own
knowledge. This idea stems from socio-constructivism, which puts a strong emphasis on
constructive knowledge sharing where learners learn from their peers through sharing of ideas as
they make meaning of new concepts. The link between socio-constructivism theory and Novak’s

theory of collaborative concept mapping is shown in the concept map (Figure 2.1) below.
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Figure 2.1: Constructivism in concept mapping: Adapted from (Cafias & Novak, 2010)

As noted in Figure 2.1 above, the epistemological approach of collaborative concept
mapping lies in the socially constructed process of new knowledge creation. The instructional
approach adopted follows Vygotsky’s (1978) ZPD. The Novak and Gowin (1984) concept map
data analysis framework was used in studies that dealt with assessing learners’ understanding of
key concepts in a specific topic, improving science learning and teaching, and identifying
alternative conceptions, amongst many others (Cheema & Mirza, 2013; Gonzalez et al., 2008).
The same model was explored as a way to determine Grade 11 Physical Sciences learners’
understanding of key concepts in electric circuits as they collaboratively constructed concept

maps.
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Meaningful relationships between key concepts are made explicit in the way they are
presented through a resource like a concept map. A concept map highlights several processes
that underlie learning, which include a network of concepts and links, propositions made by
individuals, integration of prior knowledge and new knowledge, and alternative conceptions
(Novak & Canas, 2006). Analysis of concepts and propositions in concept maps provides a
valuable way of evaluating learners’ scientific understanding of a given object of learning.
According to Novak and Gowin (1984), a conc