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ABSTRACT

This research draws on the Indigenous Knowledge (IK) views of how lightning is formed.
Many learners were informed by their parents that lightning is caused by witch doctors,
traditional healers, or witchcraft. As these learners matured, some of them were made to
understand that lightning is made by natural causes as well. According to the scientific
worldview, lightning occurs through a naturally occurring electrostatic discharge when two
electrically opposite charged regions in the atmosphere or ground temporarily equalise
themselves causing an instantaneous release of gigajoules of energy. Lightning has killed many
people all over the world including South Africa. Indigenous people have different ways of
explaining lightning depending on how the elders were nurtured by their forefathers on the
formation of lightning. Some traditional lightning protection methods differ from
scientificallybased approaches to safeguarding communities. They differ from one
environment to the other. However, there are commonalities in both methods. The study
investigated if the integration of science and indigenous knowledge systems in teaching and
learning electrostatics in Grade 10 could have an impact. The study also explored the role of
using English as the second language in teaching and learning electrostatics in Grade 10. The
study examined two groups from two different schools. A quasi-experimental design was used
with an experimental group receiving the treatment and the control group which received
tuition in the traditional way using textbook and expositions explanations on the chalkboard.
Both groups were given the pre-test of which the experimental group received treatment after
they finished writing it, but the control group did not get it. These two groups wrote a post-test
which was the same as the pretest. Both groups consisted of boys and girls. The experimental
group received the Dialogical Argumentation Instructional Model (DAIM).The inclusion of
home language improved learners’ understanding of scientific concepts in electrostatics. Data
analysis exposed that the learners had their own set of indigenous science. The study also
showed that the learners appreciated the fact that their language and Indigenous background
were recognised by the school. Learners in this study expressed support for merging Science
and Indigenous Knowledge Systems methodologies.

Keywords: Traditional beliefs, Prior knowledge, Language, Observations, Interviews,
Lightning, Indigenous knowledge, Superstitions, Culturally-transmitted practical knowledge,
Conceptual change.
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OPERATIONAL DEFINITIONS

Traditional beliefs: are the standing ideas, values, and practices passed down through
generations within a community or culture, forming a deep rooted system that guides religious

observations cultural expressions and social norms.

Prior knowledge: refers to the knowledge that includes facts, concepts, rules, principles, and
relationships between concepts, rules, and principles in a specific domain (Potelle & Rouet,
2003).

Language: Gorys Keraf (1997:1) define language as a means of communication between

members of the community in the form of a symbol of sound produced by the speech organ.

Observation: Gorman and Clayton define observation studies as those that involve the

systematic recording of observable phenomena or behaviour in a natural setting (2005, p. 40).

Interviews: Cresswell (2012) states that a qualitative interview occurs when a researcher asks

one or more participants in general, open-ended questions and records the answers.

Lightning: is a natural electrical discharge of very short duration and high voltage between a
cloud and the ground or within the cloud, accompanied by a bright flash and typically also
thunder.

Indigenous knowledge: the sum of experiences and knowledge of a given ethnic group that
forms the basis for decision-making in the face of familiar and unfamiliar problems and

challenges (Warren & Cashman, 1988, p.)

Superstition: a belief or a way of behaving that is based on fear of the unknown and faith in

magic or luck.

Culturally-transmitted practical knowledge: is any non-biological information, skills

behaviours learnt from others.

Conceptual change: is a special type of learning that takes place when individuals change their
knowledge from naive, conflicting, and misconceived (misconceptions) to more scientifically
accepted knowledge (Chi et al., 1994; Vosniadou, 2004).
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ABBREVIATIONS

C: Control group

CO01: Learner number one from the control group
CAPS: Curriculum and Assessment Policy Statement
CAT: Contiguity Argumentation Theory

CCL: Cloud-to-Cloud Lightning

CGL: Cloud-to-Ground lightning

CSIR: Council for Scientific and Industrial Research
DAIM: Dialogical Argumentation Instructional Model
DBE: Department of Basic Education

E: Experimental group

EO01: Learner number one from the experimental group
FAL.: First Additional Language

FET: Further Education and Training

GET: General Education and Training

HSSREC: Human Social Sciences Research Ethics Committee
ICL: Intra-Cloud Lightning

IK: Indigenous Knowledge

IKS: Indigenous Knowledge System

LoLT: Language of Learning and Teaching

LPCR: Lower Positive Charge Region

MST: Mathematics, Science and Technology

NCS: National Curriculum Statement

PB: Preliminary Breakdown
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RQ: Research Question
SALDN: South African Lightning Detection Network

SAWS: South African Weather Service
SD: Standard Deviation
SPCA: Society for the Prevention of Cruelty to Animals

SSME: School of Science and Mathematics Education

TEK: Traditional Ecological Knowledge
UNICEF: United Nations Children’s Fund

WCED: Western Cape Education Department

WCED: Western Cape Education Department
WHO: World Health Organisation
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Chapter 1: Overview of the study

1.1. Introduction

The study aimed at integrating Indigenous Knowledge with scientific knowledge in teaching
and learning of electrostatics in Grade 10. There is no better understanding of scientific
concepts when border-crossing, from indigenous knowledge to scientific knowledge. There is
little assistance given to teachers as to why the curriculum has to be implemented (De Waal,
2004; Pabale, 2006). This study focuses on electrostatics, specifically the lightning
phenomenon. Electrostatics, for example, lightning display, is an area that includes Indigenous
knowledge beliefs (Webb, 2011). The lightning bolt has caused many deaths in areas like the

Eastern Cape and Limpopo.

Lightning is not only lethal but is accompanied by other factors that affect the lives of living
organisms, for example, storms, hurricanes, floods, tornadoes, and hail. It is therefore advisable
that people be vigilant as to what to do when they see that the storm is coming. It is also
advisable that people do not construct their households in the valley areas and near the rivers
as this can prevent some floods and erosions. According to Curran et al. (2000), lightning
ranked second only to rivers and flash floods in weather-related deaths per year in the United
States of America, between 1959 and 1991. According to Kalair et al. (2013), on average, there
are fifty lightning strikes on Earth in a single second leading to more than eight million strikes

per day.

Lightning is a particular subject matter that | am interested in. Lightning belongs under the
topic, ‘electrostatics”. Electrostatics is the study of stationary charges. My area of interest was
to find out whether there had been a conceptual change from IK perspectives to a scientific
point of view in terms of understanding the formation of lightning. To identify this shift, the
study employed the Dialogical Argumentation Instructional Model (DAIM) as an instructional
strategy alongside other relevant research instruments. Electrostatics is the subject matter
taught at schools using the laws of sciences (Physics worldview) that creates a lot of confusion
for a learner who has a background of Indigenous Knowledge, particularly of lightning.

According to the Natural Sciences Curriculum and Assessment Policy Statement

(CAPS), Electrostatics is scheduled for Term 2. See Table 1.1 below.



Table 1.1: From CAPS document, showing the allocation of electrostatics in school curriculum.

smoothflowing
water

(laminar flow).

Time  [Topics Grade | Content, concepts Practical Resource |Guidelines for
10 & Skills Activities Material [Teachers
3 Hours  |Electrostatics
0.5 hours |[Two kinds of Know that all materials It is reasonable to
charge contain positive charges call the two types
(protons) and negative of charges
charges (electrons). ’positive” and
Know that an object that “negative”
has an equal number of because when
electrons and protons is they are added
neutral (no net charge). the net charge is
Know that positively zero (i.e. neutral).
charged objects are Be sure that the
electron deficient and learners know
negatively charged that all objects
objects have an excess of contain positive
electrons. and negative
Describes how objects charges, but we
(insulators) can be only say an
charged by contact (or object is charged
rubbing) — triboelectric when it has extra
charging. positive charges
(electron
deficient) or
negative charges
(excess
electrons).
0.5 hour |Force exerted by Recall that like charges  |Practical Materials:  (In material that
charges on each repel and opposite charges |[demonstration: . comprises
Plastic pen, :
other attract. Rubbing a small pieces polarised
(descriptive) . . P molecules may
attraction Expl_aln how charged balloon_ agal_nst of paper, rotate when
between charged objects can_attract dry hair. Bring - stream of brought near a
and uncharged uncharged insulators a charged smoc_Jth charged object,
objects because of the ) ball_oon, rubbed - flowing so that one side
(polarisation) movements_‘. OT polarised agalnst_ Water. of the object is
molecules in insulators. |dry hair, near more positive
a stream of

and the other side
more negative,
even though the




object as a whole
remains neutral.

1 hour

Charge
conservation

State the principle of
conservation of charge as: The
net charge of an isolated system
remains constant during any
physical process. e.g. two
charges making contact and then
separating.

Apply the principle of
conservation of a charge.

Know that when two objects
having charges Q: and Q2 make
contact, each will have the same
final charge:

Q = Q1 + Q/2 after separation

Note: This equation is only true
of identically sized conductors
on insulating stands.

1 hour

Charge
quantisation

| State the principle of
charge quantisation.

Apply the principle
of charge quantisation

Every charge in
the universe
consists of
integer multiples
of the electron
charge charge.

Q =nge where ge
=16x10°C
and nisan
integer.




1.2 Rationale

According to Evert (2005), there are about five million cloud-to-ground lightning flashes per
year around the world. This means that lightning is dangerous and we have to be cautious at all
times. To be alert means that whenever you see the clouds gathering for a storm everybody
must be closer to home so that when there is a storm everybody is indoors. South Africa’s
lightning ground flash density information for a period between 1975 and 1986 was collected
by the Council for Scientific and Industrial Research (CSIR). This has shown that lightning has
killed many human beings and animals and destroyed a lot of property. Lightning ranks among
the leading causes of weather-related fatalities (Ab Kadir, 2010). South Africa does not have a
large quantity of data on the number of deaths and injuries due to lightning strikes (Ab Kadir,
2010). Blumenthal (2005) and Mills (2007) both comment on the scarcity of lightning data in

South African Medical literature.

People who are close to tall objects are vulnerable to being killed or injured by lightning
(Rakov, 2003; Ab Kadir, 2010; Mills, 2007; Zhang, 2010). These researchers emphasise that
individuals should avoid standing near tall objects or elevating themselves, as this increases
vulnerability to lightning strikes. Blumenthal (2007) found that during the period 2001 to 2004,
lightning killed 52 people in Gauteng Province and all of them were outdoors. In the United
States of America, statistics demonstrate that lightning killed 30% of people who were outdoors
(Rakov, 2003). Besides killing and injuring people, lightning is capable of killing livestock and
destroying property. In November 2010, 47 head of cattle were killed by lightning in the village
of Gamatlala, in Limpopo Province (Matlala, 2010).

The Daily Sun reported that lightning killed 15 out of 32 goats in January 2010 (Ramatekoa,
2010). In February 2011, lightning killed a male lion on a game farm in the Free State Province
(Van der Merwe, 2011).

1.3 Research Problem

Research has shown that the challenges faced by students from non-Western backgrounds when
learning science are massive (Borba, 1990, Jegede, 1995, Cobern, 1998, Aikenhead, 2000).
Hodson (2009) argues that students with a preexisting worldview that is not in harmony with
scientific perspectives will find it even more difficult to learn science because it may not make

sense to them in terms of underlying assumptions and values.



Ogunniyi and Hewson (2008) call for the incorporation of science, everyday knowledge, and
indigenous knowledge in a way that allows for the integration of natural sciences and
indigenous knowledge. Since educators are responsible for curriculum delivery, they must,
therefore, be aware of the curriculum imperatives and should use indigenous knowledge as a
base for learning science. Integration of Indigenous knowledge into science makes better
understanding of scientific concepts, in particular electrostatics. Science teachers have to fulfil

the roles of English teachers by simplifying the English written in Eurocentric textbooks.

Learners in Grade 10 are in transition from General Education and Training GET (Grades 7-9)
to Further Education and Training (FET) or Grades 8-12. Learners in Grade 10 are in the pool
of confusion in terms of choosing the streams. Learners come from primary school to high
school with prior knowledge that the high school teacher needs to respect and take as basic.
The role of the educator is to integrate indigenous knowledge into scientific knowledge. Most
African learners do not have the reading skills to read with understanding. This poses a big
challenge to the science teachers hence they have to teach learners sometimes how to read
science with understanding. Parents at home, although they want to assist their children with
homework, are unable to do so because of the type of education they receive. Some learners do
not want to do science because of the indoctrination that science and mathematics are difficult
and are made for boys only. Wasagu (1999) and Ivowi (1992) have identified one of the major
causes of poor performance of African learners in science as being the clash between learners’
worldviews and the school science’s worldview as learners are struggling to incorporate the

two.
1.4 Aim of the research

The purpose of this study is to integrate science and indigenous knowledge for teaching and learning

electrostatics in Grade 10.
1.5. Objectives

The objectives of this study are to:

1. Explore possible differences in Grade 10 learners’ views on lightning when DAIM intervention is
used when learning electrostatics.
2. Investigate the role of the Indigenous Knowledge System in learning science in particular the

concepts of lightning.



3. Explore the role of language as the first additional language to understand a modern science world

view of the concept of lightning in electrostatics.
1.6 Main research question

The study paid attention to the following questions:

What is the effect of the integration of Western science and Indigenous knowledge for
teaching and learning of electrostatics to enhance learners’ conceptual understanding of

knowledge of electrostatics?

1.7 Sub-questions

1. Isthere any significant difference in Grade 10 learners’ views on lightning before and after the DAIM
intervention?
2. What role does the Dialogical Argumentation Instructional Model (DAIM) play in teaching and

learning electrostatics in Grade 10?

3. Does language have an influence on learners’ understanding of the concept  ‘electrostatics’

particularly in lightning?

1.8 Summary

This chapter aimed to integrate indigenous knowledge systems and science for teaching and
learning of electrostatics in Grade 10. This chapter has emphasised the important role that

Indigenous Knowledge plays in enhancing learners’ understanding of electrostatics concepts.
The chapter has shown that Indigenous Knowledge is one of the African philosophical ways of
thinking that had evolved many years ago, over thousands of years, contributing to critical
thinking. Indigenous Knowledge has been marginalised by the South African government as if
Indigenous people have nothing to offer. African learners who use English as a second
language, contributed to embarrassing results in Physical Sciences, NSC examinations, in
Grade 12, in recent years. Some of the Physical Sciences teachers who are not proficient in
English contributed to the high failure rate of African learners as well as learners who read

from textbooks that are Eurocentric. The textbooks are not accommodating Indigenous people.



Ogunniyi (1988) states that if the scientific worldview wants to succeed in traditional culture,
it should not try to take over from or degrade the traditional culture but it should try and help

people meet modern challenges.

Both the experimental and control groups responded to the same questionnaire. The content of
the pre-test was the same as the content of the post-test. The questionnaire accommodated a
situation whereby you could identify the shift from an Indigenous Knowledge point of view to
a scientific point of view. Learners had to define lightning culturally, it meant that they were
using their Indigenous Knowledge, and scientifically, it meant they showed a shift in

worldviews.



Chapter 2: Literature Review

2.1. Introduction

This chapter aims to review existing scholarly work to identify gaps in the theories related to
how learners understand electrostatics, especially lightning, from an Indigenous Knowledge
perspective. It also seeks to highlight the challenges learners face in integrating new scientific
knowledge from school. Building on this, the chapter also aims to identify the challenges
learners encounter when trying to integrate new scientific knowledge from school with their

existing Indigenous Knowledge, particularly in understanding electrostatics and lightning.
2.2 Background

South Africa is a multi-cultural country having religious beliefs, morals, laws, customs, myths,
and indigenous knowledge (Jegede & Okebukola, 1991). This means that learners’ scientific
knowledge is influenced by their indigenous knowledge derived from cultural beliefs,
superstitions, and traditions. Indigenous knowledge is the complex set of activities, values,
beliefs and practices that has evolved cumulatively over the time and is active among
communities and groups who are its practitioners (Owour, 2007). Vygotsky (1978) talks about
scaffolding learners until they get the scientific information they need. Vygotsky believed in
support for learners, as they are seen as novices, therefore a teacher has to guide them. Learners
needed to shift from cultural, traditional, and superstitious ways of thinking to a Eurocentric
school worldview way of thinking. Learners need assistance step by step until they reach the
ceiling in understanding scientific concepts or the Zone of Proximal Development, as Vygotsky
calls it. Learners enter school, with their own ideas, beliefs, and understanding of how things
work (Robottom, 2004). Learners learn through social interaction with the world around them
and learn some new concepts through playing. This is a social constructivist approach, helping

learners to grasp new information.

Novak (1990) states that one of the most important factors that influence learning is what the
learner knows. This means that the learner is not an empty vessel and the teacher needs to

identify and build on this self-knowledge by removing any evident misconceptions.

According to Mistades (2009), a learner should become an active member, learning through a

conceptual change model. The use of the conceptual change approach in teaching science is
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effective (Karakuyu & Tuysuz, 2011). According to Ogunniyi (1995), cultural border crossing
is something that deals with the struggles learners engage themselves with as they attempt to
reconcile their world views about school sciences. The border crossing is the learning
experience brought about by relating one worldview to another. According to Julie et al. (1993),

the following are key points in social constructivism:

» Assist learners when working with new methods in the learning process.
» Help learners to expand their knowledge of the subject or subject matter.
» Assist learners in developing instructional methods to promote meaningful learning and

scientifically accepted concepts.

Piaget (1990) states that learning undergoes cognitive changes according to the age of the learners.

Piaget categorised the cognitive stages as follows:

» Sensory-motor stage: This is the stage between the ages zero to two years. He said
children at this stage are explorers. They want to see, hear, taste, and touch everything
around them. They generally don’t appear to be thinking about what they do, no obvious
rationale underlies the motives.

* Pre-operational stage: This is the age between the ages of two and seven years,
children enter the stage where they learn how to think abstractly, understand symbolic
concepts, and use language in sophisticated ways. Children become insatiably curious
and begin to ask questions about everything they see. Learners at this age like to make
up their own games. Learners do not understand that changing a substance’s appearance
does not change its properties.

» Concrete operational stage: This is the stage between the ages seven and eleven years.
By the time they are seven years old, they can understand much more complex abstract
concepts, such as time, space, and quantity. They can apply those concepts to concrete
situations, but they have trouble thinking about them independently of those situations.
Children can learn rules quite easily, but they may have trouble understanding the
logical implications of those rules in unusual situations.

« Formal operational stage: This is the age of eleven and above. At this stage, children

become capable of more abstract, hypothetical, and theoretical reasoning.

Piaget’s learning theory has been mentioned here because it explains the cognitive development
stages of a child. The Grade 10 learners belong to Stage 4 (Formal operational stage). This

means that Grade 10 learners are in transition from General Education and Training (GET) to
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Further Education and Training (FET). Piaget's learning theory will be of assistance in
analysing the data as well. The learner’s cultural background has a role to play in learning

school science

(Okebukola, 1995). Vygotsky (1978) believed that adults in a society, foster children’s
cognitive development in an intentional and systematic manner by engaging them in
challenging and meaningful activities. Researchers agree that argumentation pedagogy can
enhance the learner’s ability to think and argue about issues related to science and finally
improve their understanding of scientific concepts (Erduran, Simon, & Osbhorne, 2004,
Ogunniyi, 2007). In this study, conceptual change started when there was a group discussion
among the learners themselves in the experimental group. When the researcher explained the
formation of lightning, the causes of lightning, the dangers caused by lightning, and protection
against lightning, conceptual change was in third and the fourth gear. The moment the learners

were in interviews, conceptual change was in the fifth gear.

Constructivists believe that there is no single reality or truth. Electrostatics was the topic and
the sub-topic was lightning. Lightning has killed many people all over the world including
South Africa. There are numerous traditional and scientific methods that can be employed to
reduce the risk of lightning strikes. The indigenous people believe that their own God called
“Qamata” will always protect them even in whatever they do, while on the other side, the
Christians call their God “Jehova” who will protect them. In this study, the role played by the
Dialogical Argumentation Instructional Model (DAIM), was intended to enhance the learners'
cognitive understanding of the concept of ‘lightning’. Ogunniyi’s Contiguity Argumentation

theory (CAT) is used as an analytical lens.

2.3 Indigenous Knowledge

Indigenous knowledge is the cultural knowledge that is based locally, solely driven by mature
people of the environment whereby the younger generation is picking up some values of the
community. If indigenous people want to communicate with ancestors concerning the person
that is demanding that ritual practice needs to be done on him/her, then slaughter a goat and
then coat him/her with a white coat. The intention of coating a person with a white coat is for
the ancestor to identify the person they must visit. A person coming from the Western culture
who sees people slaughtering a goat will call the SPCA and report animal abuse. SPCA is

totally against cruelty to animals. Culturally or traditionally, if your life is not going well (being
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arrested, stabbed, having bad dreams, not having good luck, or not smooth running of life) you

slaughter a goat and brew some African beer.

There are two basic reasons why researchers need to consider 1K when conducting a research
project, first — incorporating it into a research project can contribute to local empowerment and
development, increase self-sufficiency and strengthens self-determination, secondly,
Indigenous people can prove value input about the local environment and how to effectively
manage its natural resources (Thrupp, 1989). Culturally, responsive education is directed
towards culturally knowledgeable students who are well grounded in the cultural heritage and
traditions of their community and can understand and demonstrate how their local situation and
knowledge relate to other knowledge systems and cultural beliefs (Barnhardt, 2014). Although
society is changing all the time, we cannot ignore the role that IK contributes to the lives of
children, or the fact that IK is socially constructed before young children join school, they
already have some knowledge acquired from home through observation of traditional practices
and beliefs, stories, riddles and proverbs, games, play and daily interactions with adults (Okoth,
2016). According to Gumbo (2016), the curriculum contains packaged knowledge that should
embrace Indigenous perspectives if it is to benefit Indigenous learners and other notions
straddling the cultural realities of a given community. For education to be liberating, it should
focus on the relevant contexts and local African knowledge(s) that can be of assistance to
African society to withstand the challenges of the rapidly changing global economy (Msila,
2016).

Western education system denies learners the opportunity to bring into the educational
knowledge from their own experiences, instead, their experiences are reflected as inferior and
their cumulative IK as valueless and insignificant (Shava, 2016). A major problem of education
and research in Africa is the systematic attempt to dismiss the fundamental values of African
culture (Matos, 2000). King, Schielmann (2004) argues that combining the best of our own

tradition with the best of Western knowledge makes quality education.

This emphasises that prior knowledge from home, combined with school sciences, fosters
excellence. Msila (2007) claims that when learners’ communities and backgrounds are

recognised, learning is more likely to be more effective.

Over the years there have been vivacious debates amongst the countries about the importance
of the integration of indigenous knowledge into the school curriculum although formal

education continues to be Eurocentric, reflecting Western Scientific cultures rather than the
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cultures of learners and teachers (Abah, Mashebe, & Denuga, 2015). Indigenous knowledge
can play a vital role in conveying local relevance to the education process by bridging the gap
between formal education systems and the lived experiences within the local community
(Shava, 2016).

2.3.1 Pedagogical values of incorporating IK into electrostatics

The pedagogical values of incorporating indigenous knowledge is categorised as two-folds,

namely: cultural relevance and student engagement, and conceptual change strategy.

2.3.1.1 Cultural relevance and student engagement

IK narrows the gap between science that is learnt in the classroom and the experiences learners
acquired from the social interaction namely, a teacher gives a debate to the class as what are
the causes of lightning. Learners combine their experiences of lightning in the social
environment and the lesson the learners are currently involved with in the classroom. As the
groups discuss the subject matter using indigenous knowledge and scientific knowledge, but
when they do presentation they combine home language and English example they are not
changing the words like electric charge, battery, wires or conductors, voltage or potential

difference etc.

IK enhances critical thinking by engaging with diverse knowledge systems prompting students
to think critically about societal and economic problems using IK as the resource for innovative
solutions. IK counters the dominance of the Western science in education, subsequent to a more

unbiased and comprehensive learning environment.

2.3.1.2 Conceptual change strategy

To facilitate the change, the following conditions which can be integrated into IK activities are

needed:

« Intelligibility: The new scientific concepts must be understandable.
» Dissatisfaction: Learners must recognise the short-comings of their current ideas to be

open to change.
* Plausibility: Learners must believe the new concept makes sense and is consistent with

the experiences and other knowledge.
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» Fruitfulness: Learners should see the value and usefulness of the new concept for

explaining phenomena and for further learning.

2.3.2 Misconception requiring conceptual change

When using IK to teach electrostatics, misconceptions that need conceptual change involve the

following:

» A charged object contains only electrons or protons.
 Friction is the only cause of static electricity and that electrical effects are like fluid

flow, rather than focusing on charge.

* Neutral objects have no charge. Correct concept: A neutral object contains an equal
number of protons and electrons resulting in a net charge of zero.

* Objects become positively charged by losing electrons and negatively charged by
gaining electrons.

» Conceptual change needed: Focus on electron transfer as the mechanism of charge
rather than simple addition or removal of either a proton or an electron.

» Conceptual change needed: Broaden the understanding of the charge generation beyond
rubbing, introducing other processes charging by contact and polarisation.

» Concept change needed: Avoid using fluid analogies to describe electricity, as this leads
to misconceptions like fate having finite amount of electricity being a thing that flows.

« Concept change needed: Students need to understand the induction and charge
distribution in a neutral object rather believing the neutral object magically becomes

oppositely charged.

2.4 Language

Grosser and Nel (2013) state that the ability to use language effectively is important to
accomplish critical thinking. According to Setati (2011), language is necessary in facilitating
our understanding of science by providing the cognitive framework of concepts, and the entire
knowledge and experience of science is mediated by language. Madileng (2007) argues that
reading skills are extremely important for academic development and therefore a skilful reader
who possesses both receptive and productive aspects of language use can acquire a higher level
of comprehension and higher order skills which are very important for academic success.

Learners go to school with prior knowledge of the language and knowledge of their forefathers.
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The learners need to go to school because it builds the foundation for the integration of prior
knowledge to the school science. Using the first additional knowledge which is English
prepares the learners for the examination and the workplace because the examination has never
been written using one of the African languages. It is paramount sometimes to use the home
language of the learners to interpret complicated concepts used in the science textbook. For
proper learning to take place, language is key to a better understanding of the concepts. Some
of the learners are struggling to read the English that is written in science textbooks that have
not been written in any of the African languages. This compels science teachers to use English
as a medium of instruction. Many parents also encourage the use of English in the classroom
because they believe that it prepares their children for qualifications and the technological

world.

The situation of the language needs to be thoroughly looked at if we want to see better
performance in teaching and learning of electrostatics based on the fact that learners that are
taught are coming from traditional backgrounds. Researchers found that in different parts of
Africa, research demonstrated that learners encounter difficulties in reading scientific texts and
are unable to express themselves well in foreign languages (Ahmed, 1998; Makgothi & Lelliot,
1992; Ogunniyi, 1996, 1999; Prophet & Rowel, 2016; Rollnick, (1998). The problem of
language is not a local problem but an African problem. Although educators are at the centre
of curriculum delivery, they are not involved in curriculum design, yet have to implement it.

Ware (1992) has contended that “while there might be so much ambiguity about the relationship
between teachers, academic background and student performance in the developing countries,
teacher qualifications have consistently been shown to be more closely related to the learners’

performance”. More developmental programs for teachers should be in place such as:

»  Computer skills.
» Diagnosis which heightens educators’ awareness of learning difficulties in specific learning areas

and how they can be rectified.

* An analysis of curriculum material to make teachers aware of the need for a change in their
instructional practice.

» A program that simplifies the instructional implications of the new curriculum.

* A program that deepens teachers’ discipline and pedagogical knowledge, and broadens their

professional outlook.

« Atraining program that exposes analysis and assessment procedures.
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» A training program that can be integrated into their classroom practice with minimum interruption
of the routines.

» Atraining program that is not rushed but provides sufficient time for peer feedback, analysis of the
performance, self-reflection, and adaptation.

» Practice teaching based on a monitoring program.

According to CAPS (2012), the Department of Basic Education emphasised the importance of
developing skills. The Department of Basic Education said, “Teachers of Physical Sciences

should be aware that they are also engaged in teaching language across the curriculum”.

This is important, particularly for learners whose language of learning and teaching (LoLT) is
not their home language. It is important to provide learners with opportunities to develop and
improve their language skills in the context of learning Physical Sciences. It will therefore be
critical to afford learners opportunities to read scientific texts, to write reports, paragraphs, and
short essays as part of the assessment, especially (but not only) in the informal assessment for

learning”.

The statement above shows that Physical Sciences educators must use simple English (not
complicated) when learners use English as a second language. The learners should be able to
understand and use investigating skills relating to physical and chemical phenomena, for
example, lightning. As soon as learners understand the language, they may be able to
implement the skills required by Physical Sciences, for example, classifying, communicating,
measuring, designing, investigating, drawing and evaluating conclusions, formulating models,
hypothesising, identifying and controlling variables, inferring, observing, comparing,

interpreting, predicting and problem-solving.

When the learners were writing pre-tests, they could not understand some of the questions, it was then that
the researcher used their home language to interpret the questions. They all said “Hmmm” to show that it
was then that they were understanding, and would only be confirmed through direct dialogue with the

learner.
2.5. Scientific formation of lightning

The researcher assumed that the learners were taught the basics that led to the scientific
formation of lightning. That was the reason why the learners were just given a pre-test without

teaching them first.
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The topic was electrostatics and the sub-topic was lightning. Electrostatics is the branch of
physics that studies electric charges at rest or electrostatics is the study of electromagnetic
phenomena which occur when there are no moving charges. The prior knowledge that a learner

must acquire before they can master the definition of lightning is as follows:

All matter consists of small particles called charges. These charges are called ‘protons’. Protons
are positively charged. The other charges are called ‘electrons’, which are negatively charged.
The third charge is called ‘neutron’ which has no charge. Like charges repel each other and
unlike charges attract each other. Learners must understand that if you rub two materials
together, electrons might be rubbed off from one material to the other. One material will then
have extra electrons and the other will have lost some electrons. The materials will have been
charged. They have to understand that the material that has an equal number of charges is called
a ‘neutral’ object. A material that has more electrons than protons is regarded as being
negatively charged, and an object that has more protons than electrons is regarded as being

positively charged.

Lightning can be defined as a naturally occurring electrostatic discharge when two electrically
charged regions in the atmosphere or ground temporally equalise themselves causing
instantaneous release of much gigajoules of energy. Lightning can also be defined as a giant
spark of electricity between clouds, the air, or the ground. Lightning is caused by unbalanced

positive and negative charges.

2.6 Types of lightning
A Dbeautiful and deadly natural phenomenon, lightning is simply a sudden, electrostatic

discharge - a ‘spark’ or ‘flash’ as charged atmospheric regions temporarily equalise themselves
through this discharge. The polarity of lightning discharge can affect how it spreads and
branches in space and time. This, as well as its starting and ending points and direction of
movement, gives rise to different ‘types’ of lightning. Lightning can strike the ground, the air,
or inside clouds, but there are roughly 5 to 10 times more cloud flashes than cloud-to-ground

flashes.

There are many types of lightning but I will mention few of them, namely:
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Intra-cloud lightning (ICL), this type of lightning takes place between electrically charged regions of the

cloud.
. Cloud-to-cloud lightning (CCL), this type of lightning takes place between one functional thundercloud

and another.
. Cloud-to-ground (CGL), this type of lightning occurs between the thunderclouds and the terminals on

the Earth’s surfaces.
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Figure 2.1: Different types of lightning showing charges (taken from MetMatters Royal
Meteorological Society, page number not disclosed).

2.7 Intra-cloud lightning

Intra-cloud lightning when the rate of flow of charges travels within the same cloud as it

connects areas of different charge, causing separate components of the same cloud to light up.
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Figure 2.2: Picture showing the intra-cloud-sheet lightning (taken from MetMatters Royal
Meteorological Society, page number not disclosed).
2.8 Cloud-to-cloud lightning (CCL) (or inter-cloud lightning)

It is rare for lightning to travel from one cloud to another or more. Spider lightning refers to
long, horizontal moving flashes often seen on the underside of stratiform clouds. It should not be
confused with intra-cloud lightning within a single cloud.
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Figure 2.3: Visual showing the cloud-to-cloud lightning (taken from MetMatters Royal

Meteorological Society, page number not disclosed)

2.9 Cloud-to-ground (CG) lightning

Cloud-to-ground lightning begins when electrical charges in the cloud base collect and then

move down an invisible path toward the ground called a stepped leader.

Meanwhile, positive charges are gathering at the earth’s surface and moving upward in a shorter
path called a streamer. The connection occurs above the ground, where lightning
instantaneously and violently completes the circuit, briefly joining the cloud and ground

electrically.
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Paul Hadfield
Near Rushville
May 22, 2019

Figure 2.4: Visual showing the cloud-to-ground lightning (taken from MetMatters Royal
Meteorological Society, page number not disclosed)

There is a myth that lightning is attracted by metal and all good conductive materials. The real
truth is that nothing attracts lightning, but it is reflected by some objects. Wearing jewellery,
wearing shoes with metal heels, or carrying metal objects will not attract lightning and make
somebody susceptible to a strike. The location of the thunderstorm overhead alone determines
where the lightning will hit the ground. A lightning bolt that is several miles high, is not going
to be influenced by the jewellery the individual is wearing. It is dangerous to be outside during

the storm.

When a cloud-to-ground lightning channel is forming, it is going to strike the ground where the
ground has the most opposing charges, and directly underneath the storm’s most electrically
rich region. If you position yourself in that precise location, lightning will hit you regardless of

whether you are carrying any metal objects.

It has been found by researchers that the degree of influence of metal objects on lightning is
proportional to the size of the metal object. Lightning can be triggered by launching a small
rocket trailing a thin ground wire toward a charged cloud overhead. When the rocket ascends
at about 150-200 m/s and is about 200-300 m high, the field enhancement near the rocket

launches a positively charged leader, then propagates upward towards the cloud. This upward

20



position leader vaporises the trailing wire, bridges the gap between the cloud and the ground,
and establishes an initial continuous current with a duration of some hundred milliseconds of

negative charge from the cloud charge source region to the triggering facility.

After the cessation of the initial continuous current, one or more downward leader/upward

return-stroke sequences may travel the same path to the triggering facility.

. The percentage of flashes exhibiting detectable preliminary breakdown pulses trains varies
from less than 20% to 100% (Nag & Rakov, 2009). They also interpreted the PB train as being
generated when a negatively charged channel extends, downwards from the main negative
charge region and encounters an appreciable lower position charged region (LPCR). According
to Nag and Rakov (2008), when the LPCR is small, no significant PB pulse train is produced.
While the LPCR may serve to enhance the electric field at the bottom of the negatively charged
region and thereby facilitate the launching of the negatively charged leader toward the ground,
the presence of excessive PLCR may prevent the occurrence of the negative cloud-to-ground
flashes by blocking the progression of the descending negative leader from reaching ground
(Nag & Rakov 2008). Nag and Rakov (2009) inferred four conception lightning scenarios that

may arise depending upon the magnitude of the LPCR, as illustrated in Figure 2.1

Loeb (1966) considered a parcel of air containing positively charged raindrops that are swept
in the updraft towards the negatively charged centre to yield positive corona streamers from
the raindrops. In this scenario, the formation of positive streamers is facilitated by updraft
reducing the separation between the oppositely charging regions in the cloud. Nguyen and
Micknowski (1996) considered the effects of many spaced hydrometeors in lightning initiation.
Their hypothetical mechanism involved a bidirectional streamer development assisted by the
chain of precipitation particles, as opposed to the scenario, and invokes the propagation of

positive streamers alone.

Gurevich et al. (1992, 1994) suggested that electrons may play an important role in lightning
initiation. Initiation of the first stepped leader of cloud-to-ground flash is thought to be preceded
by so-called ‘preliminary breakdown (PB)’ which can produce a sequence of characteristics of
electric field pulses. The percentage of flashes exhibiting detectable preliminary breakdown

pulses trains varies from less than 20% to 100% (Nag & Rakov, 2009).

Nag and Rakov (2009) interpreted the PB pulse train as being generated when a negatively

charged channel extends, downwards from the main negative charged region and encounters
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an appreciable lower position charge region (LPCR). In his view when LPCR is small, no
significant PB pulse train is produced. While the LPCR may serve to enhance the electric field
of the bottom of the negative charge region and thereby facilitate the launching of the
negatively charged leader towards the ground, the presence of excessive LPCR may prevent
the occurrence of the negative cloud-to-ground flashes by blocking the progression of
descending negative leader from reaching the ground. Nag and Rakov (2009) inferred four
conception lightning scenarios that may arise depending upon the magnitude of the LPCR,

illustrated in Figure 2.1.
2.10 Traditional formation of lighting

In many South African cultures, witches are associated with the initiation of lightning (Delius,
2001). Berglund (1976) believes that witches create lightning their own way. Zulu King Shaka,
the famous warrior in Southern African history was able to create thunderstorm and lightning
(Cope, 1968). In traditional contexts, lightning lacks precise scientific definitions or
explanations for its formation and underlying causes. Instead, it is commonly understood and
interpreted through cultural and spiritual frameworks, being linked to supernatural forces such
as witches or traditional healers like sangomas. How it is formed, nobody can tell you.
Therefore, how lightning is understood and defined relies on the knowledge passed down orally
from community elders to younger generations, which itself originated from the teachings of

their ancestors.

If you interview different people in different communities, then you will get different responses
as to what causes lightning. Some learners believe that lightning can occur only when there is

a storm, but the reality is that lightning can occur even if the sky is clear or when it is shiny.

Beliefs by indigenous people are that lightning can strike only once in one place. The fact of
the matter is that lightning can strike the same place more than once as long as you are standing

in the place where it is going to travel.

If you are wearing jewellery, the chances of being hit by lightning are high during a storm, one
learner said. Another learner said that if you are carrying an umbrella during the storm, there

is a high probability that you might be struck by lightning.
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2.11 Dangers caused by lightning

According to experts, one bolt of lightning can strike with the power of a nuclear power station
and is the biggest threat of the summer season. Lightning can strike from far distances, for
instance, lightning from thunderstorms in the Free State can strike a person in Pretoria.
Lightning brought death, serious injuries, and devastation to property in South Africa. South
Africa is one of the top three countries with the highest death rate from lightning, said a senior
research manager at the weather service, Dr Nhlonipho Ntlabatsi. America and India have

higher rates of death by lightning, then South Africa is third.

A lightning bolt can kill a large number of people and a herd of animals in a veld (field).
Lightning is responsible for up to 300 deaths a year in South Africa. A lot of African cultures
believe lightning is the result of witchcraft and that it is sent to kill people by a sangoma (witch
doctor) when someone is jealous. People who die in a traditional setting are buried

immediately.

Researchers, students, and Edna Molewa the Minister of Environmental Affairs on 12
November 2015, in South Africa, and others spent a day engaging one another in a multicultural
meeting, analysing the impact of lightning on social economic imperatives. In that meeting,
Molewa indicated that loss of consciousness, amnesia, paralysis, and burns among injuries were

reported by survivors of lightning strikes.

Lightning is also responsible for death and injuries to livestock and other animals, bushfires,
and the destruction of agricultural land and forests. Ntlabatsi said that the hardest-hit areas of
the country with the most occurrences of lightning strikes depended on the geological setting.
Places with red soil provide a positive charge, which increases the probability of lightning.
Severe electrical trauma such as lightning strikes on the body affects every organ and tissue
and may cause extensive damage. Some of the after-effects of lightning strikes include

temporary paralysis, deafness, and severe burns.

Holle (1999) states that lightning is the most dangerous natural hazard due to its
unpredictability and frequency of strikes. Strong storms produce damaging winds, large hail,
and tornadoes, then thunderstorms will produce lightning. Lightning, nature’s deadliest
phenomenon, is claiming many lives every year across the globe.

Most lightning deaths occur as follows:

» Open fields, ball parks, and golf courses (54%)
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* Under trees (23%)

» Boats (12%)

» Operating farm equipment (0.7%)

» Other: near open windows, bicycles, etc. (0,4)

The occurrences take place within the borders of South Africa. Blumenthal (2002) claimed that
deaths related to lightning in South Africa are about four times higher than the global average.
Statistics from the South African Weather Service (SAWS) show that 28 people died after
being struck by lightning between January and November 2010. In 2008, nine people were
struck by lightning. Twelve people were killed by lightning in 2009. In 1999, the total number
of lightning deaths was 32. In 2004, 31 people died through lightning bolts while in 2005, 44
people were killed by lightning. In the Eastern Cape, while people were busy celebrating New
year’s day four people were struck by lightning to death and 20 people were injured when
lightning struck a family gathering. On the same day, that afternoon of the New Year’s Day,
four more people died from lightning strikes in the Eastern Cape during a commemorative
ceremony. People must refrain from riding bicycles during storms, and rubber shoes will not

protect an individual from being struck by lightning.
2.12 Protection from lightning

There is a big necessity for people to be cautious about lightning in South Africa. In America,
lightning Kills 51 people per year. Lightning often strikes the tallest objects in an area. People
must avoid any open fields, or hilltops and look for low-lying areas like a valley or a ravine.
Take refuge there until the storm is over. An individual must crouch down with the heels
touching down and the head between the knees. A person must not lie down flat on the stomach
and must minimize his contact with the ground. Lightning can be fatal up to one hundred feet
from the initial strike. Avoid swimming or water sports on rainy days. Check weather forecasts

early in the day. Avoid going to the swimming pools, rivers, lakes, or beaches on rainy days.

People should avoid standing near trees or tall structures. Touching metals must be avoided at
all costs during the storm. When somebody is carrying an umbrella, that person is at high risk
of being hit by lightning. Electronic devices such as cell phones are dangerous to use when

there is a storm.

Add lightning rods on top of the roof of your house. Lightning rods do not attract lightning but

provide lightning resistance in the house. Avoid installing a lightning rod yourself rather ask a
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qualified electrician to install it. Lightning can travel through water pipes during thunderstorms.

Turn off the wired electronic materials during the storm. Using electronic devices that plug into
the walls is dangerous during a lightning storm. Television sets, washing machines, and using

electric irons should be avoided. Keep the windows closed and do not stand near open windows

or doors during thunderstorms.

Doorknobs and metals must not be touched because they are good conductors of electricity
during the storm. If you are outside away from home, run to your car if you see that the storm
is coming. Open vehicles are not safe during the storm. Do not handle the radio of the car.
Indigenous people sacrifice the scientific way of preventing lightning and prefer the cultural

way.

Indigenous people believe that taking a stick (umnguma) and throwing it near the door will prevent
the lightning from causing any damage to the house. Indigenous people tell the boys that if they are
driving a herd of cattle and a lighting storm arrives, then they must leave the cattle and take shelter

under the tree until the storm passes. The advice of taking cover under a tree is very hazardous.

Roeder (2001) argues that no place is safe from lightning. Henry (1990) argues that the majority
of women in most countries are killed by lightning strikes when they are removing washing

from the clotheslines during a storm or when they are closer to the clotheslines.

A side flash occurs when a current creates a channel through an object to the ground as well as
to another object. A touch voltage strikes occur when a human being is holding an object that
is struck. This current will continue to flow outward, and if a human being is standing within

this radius, he will experience the current flow up one leg and down the other.

Anomalies do occur and therefore a strike consequence cannot be predicted but only
classified after the strike occurs. The foregoing attempt at classification is based on strike

consequences that occurred.
2.13 Theoretical framework: Constructivism

The theory of engagement is constructivism and requires a rationale for its classification and
application in this thesis. Knowledge constructivism is considered primarily a technical process
of creating mental structures but has little bearing on the nature of subjective knowledge within
the mind. Cognitive constructivism and its historical association with information processing,

has led to a multitude of significant empirical findings, regarding learning, memory, and
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cognition including schema theory, work memory models, computational models of learning,

memory, and neurological models of brain function.

While the cognitive constructivist perspective has shown to be beneficial to the understanding
of learning and instruction, it remains isolated from the constructivist community since its focus

does not include the subjective nature of knowledge.

Radical constructivism represents the opposite end of the constructivist continuum from
cognitive constructivism. Radical constructivism fully embraces the first three epistemological
tenets, for example: knowledge acquisition, is the process that results from active cognition by
individual learners, rendering an experimentally based mind, not a mind that reflects some

external reality.

Radical constructivism seems to fully accept the fourth epistemological tenet, thus recognising

social interactions as the source of knowledge (Larochelle, Bednarz, & Garrison 1998).

The fourth epistemological tenet emphasises that the establishment of defining concepts that
preserve knowledge's inherent characteristics and the notion that although an external reality
might exist, it remains inaccessible or incomprehensible to individual understanding (Von
Glasersfeld, 1990, 1996). According to Von Glasersfeld (1995), the adaptive nature of
knowledge underscores that knowledge is not objective (truth), that is, internal knowledge does
not match external reality, but rather is a viable model of experience. He highlighted that those
viable models are created within an individual, influenced by the context within which an

activity was experienced, and relative to the accomplishment of a particular goal.

Radical constructivism is concerned with the construction of mental structures, the position of
the cognitive constructivists, and the construction of personal meaning. This means that radical
constructivism involves a greater degree of building, involving two planes of construction,
structure, and meaning, rather than only one structure. Social constructivism lies between the
transmission of knowable reality of the cognitive constructivists and the construction of a
personal and coherent reality of the radical constructivists. Social constructivism emphasises
all four of the previously mentioned epistemological tenets. Social constructivism leads to
defining the principle that maintains the social nature of knowledge and the belief that
knowledge is the result of social interaction and language usage, and that is a shared entity

rather than an individual experience (Prawat & Floden, 1994).
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Social interaction always occurs within a sociocultural context, resulting in knowledge that is
bound to a specific time and place (Gergen, 1995, Vygotsky, 1978). Cognitive constructivists

focus on accurate theory and mental constructions of reality.

Radical constructivists emphasise on the construction of coherent experimental reality. Social

constructivists concentrate on the construction of the agreed-upon socially constructed reality.
Constructivism is shaped by many principles, for example:

» Knowledge is constructed, which means that knowledge is built upon other knowledge.
The learners’ previous knowledge, experiences, beliefs, and insights are all foundations
for their continued learning. If a learner is learning natural sciences, he is also learning
the principles of laws of sciences.

» Learning is a social activity. This suggests that learning is directly associated with our
connection with other people. Teachers, families, peers, and acquaintances contribute
to learning.

» Learning is contextual, which tells us that we learn in ways associated with things we
already know, what we believe, and what we have seen.

» Knowledge is personal, which simply tells us that constructivism is based on your own
experiences and beliefs. Each person will have his/her own prior knowledge and
experiences to bring to the fore.

» Learning exists in the mind, which demonstrates that hands-on experiences and physical
actions are necessary for learning. Learning needs engagement in activities. Mental
experiences are needed for retaining knowledge.

» Motivation is key for learning, which means that a learner can't learn if they are
demotivated. Educators have to find ways to engage and motivate learners to stimulate

their minds and make them rejuvenated about sciences.

In the learner interview question number 1, where it said “Did you see the lightning bolt before?
If yes, which province did you see it?”” All four learners who were interviewed confessed that
indeed they heard the lightning bolt before and they had all seen it in the Eastern Cape. As they
claimed that they had seen the lightning bolt, it means they have the experience of lightning,
how it looks like, where it happens, and the duration of the lightning, and under which

conditions it is formed.
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2.14 Relationship between Radical, Cognitive, and Social Constructivist pedagogy

Constructivist pedagogy is the connection between theory and practice struggles from the
breadth of the theoretical underpinnings. Many theorists and practitioners (Brooks & Brooks,
1993; Driscoll, 1994; Jonassen, 1991) have generated pedagogies with the order of results. The
combination of the following pillars is what makes constructivism: learning should take place
in an authentic and real-world environment; experience is paramount when it is building
accurate representations of reality, consensual meanings in social activities, or personally
coherent models of reality; experience both socially oriented and object-oriented is the primary
source of knowledge construction; and experience provides the activity upon which the mind

operates.

For the cognitive constructivist, real experiences are needed so that individuals build an
accurate reflection of the real world, not a contrived world knowledge and construction are
enhanced when experience is authentic. For social and radical constructivists, authentic
experiences are paramount so that the individual may construct mental structures that are viable
in meaningful structures. Content and skills should be made relevant to the learner.
Constructivism types emphasise that knowledge serves an adaptive duty. If knowledge is to
enhance one’s adaptation and functioning, the knowledge grasped that is content and skills

must be relevant to the individual’s current situation, understanding, and goals.

The relevancy is likely to lead to an increase in motivation as an individual comes to understand
the need for certain knowledge. Experience with relevant tasks will provide the individual with
the mental processes, and personal experiences necessary for enhancing one’s practical
environment and social information. Learning involves negotiation and mediation. Although
social constructivism highlights social interaction as the foundation for building knowledge,
both cognitive and radical constructivism also recognise that social interaction plays a role in
the process. Social interaction provides for the development of socially relevant skills and
knowledge and provides a mechanism for perturbations that may require individual adaptation.
In small things like cultural arbitrary rituals (greetings, gender relations, dress, age, ethnic
grouping) knowledge can only be attained through social contact. As an individual gains
experience in a social situation, this experience and individual knowledge structures may
contradict these structures. If there is contradiction or confusion, then the individual must
accommodate this contradiction in order to maintain either an accurate model or a coherent

personal or social model of reality.
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An integral component of social mediation is the use of language. Language is the medium
through which knowledge and understanding are constructed in social situations (Spivey,
1997). Content and skills should be understood within the framework of the learner’s prior
knowledge. All learning begins from an individual’s prior knowledge, regardless of
constructivist affiliation. Understanding a student’s behaviour requires an understanding of the
student’s mental structures, that is, an understanding of the student’s understanding. There was
a formative form of assessment for learners, serving to inform future learning experiences. In
online education environments, it is difficult to give more instructions than those given online
in the formative assessment. The reason for assessing students, formative assessment online,
was to make some changes to instructions that considered the learner’s current level of

understanding.

Instructors provided learners with ‘self-check’ quizzes that assess students during various parts
of instructions. Students were encouraged to become self-regulatory, self-mediated, and
selfaware during assessment. In most cases, online education environments, self-regulation,
selfmediation, and self-awareness are requirements for successfully engaging in that
environment. The online education environment requires students to be more involved and
more persistent relative to the educational environment. Students begin an online educational
experience with no instructions concerning how online education differs from traditional

classroom education.

Teachers serve primarily as guides and facilitators of learning, not instructors. Although there
is still a chance to give instructions online, the educational experience, is not as easy as it is
when teaching is done in a classroom. Online education can be effectively constructed to
emphasise a facilitating role for instructors while students engage in simulations, web-based
data collection, and ill-structured problem-solving. The self-regulatory and self-mediation of

online education promotes the instructor taking the role of guide or coach.

The teacher should provide for and encourage multiple perspectives and representations of
content. Online education especially with a diverse group of students is fruitful for the
presentation and experience of multiple perspectives. Online education has easy access to
international and culturally diverse resources. The interesting psychological influence on
curriculum teaching in science that began in 1980 was the constructivist view of learning
(Fensham, in Matthews, 1998: 165). Constructivism is generally viewed as a way of thinking
about learning (Yager, 1995: 35).
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In constructivism, knowledge is the result of social, cultural, and historical milieu (Matson &
Parsons, 1998:224). Constructivists emphasise on designing activities that provide scientific

knowledge instead of Indigenous knowledge. According to Kennedy

(1998), in order to assign appropriate teaching methods for teaching science learners’ misconceptions need

to be identified.

Constructivist theorists believe that teachers should not deal only with learners with high ability
but with learners’ cognitive magnitude. By so doing, the teachers will be compelled to do
scientific inquiry skills (Driel, Beijaard, & Verloop, 2001). Constructive learning and teaching
need a learner-centred approach to teaching where learners will be hands-on, allowing them to
develop their cognitive skills (Christensen, 1995). Constructivism is the way people understand

the world and construct their own frameworks (Ishii, 2003).
2.15 Argumentation

Dialogical argumentation is a conceptual theoretical construct used to scaffold effective
dialogue between learners in a (science) classroom, for example, thus encouraging meaningful

discourse for understanding socio-cultural concepts.

Argumentation from the local point of view means exchanging words or debating about an
issue with two or more people, who have different views about the same subject. In the context
of this study, argumentation means providing evidence to justify a claim, with the support of
data garnered from the arts and sciences of society in the form of civil debate, dialogue,

conversation, and persuasion.

Argumentation is the logical arguments that are used to support a theory or idea. In the study,
argumentation was given in support of the data and warrants. Warrants are used to justify how
the data is related to the claim (Osborne, Erduran, Simon, & Monk, 2001, p. 63). Chen and She
(2012) define argumentation as the combined cognitive process which entails (a) the use of
evidence to support or counter a specific claim, (b) organising a claim to generate an argument,
(c) generating an opinion of a scientific claim, and (d) recognising dependable scientific

knowledge.

Researchers (Zohar & Nemet, 2002) highlighted that argumentation is used in the educational

process to promote the learners’ argumentation ability and improve scientific knowledge.
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Governaton and Sartor (2010) state that there are two directions of arguments that can be

distinguished, namely, monological and dialogical argumentations.

This study followed the Dialogical Argumentation Instructional Model (DAIM), and
Ogunniyi’s Contiguity Argumentation Theory (CAT) (Ogunniyi, 1997, 2007 a & b). Dialogical

Argumentation is viewed as an active process that considers the views of all the participants.
Osborne (2005) states that argumentation is important for developing the skills of participants,
analysing and engaging in arguments, guiding the construction of scientific explanations, and
critical evaluation of multiple alternatives. Driver et al. (2000) state that there are three
important products produced by argumentation instruction in a science class, namely, (a)
developing conceptual understanding, (b) developing research skills, and (c) understanding
scientific knowledge. This raises awareness in learners about paradigm shifts from a traditional
way of thinking to a scientific way of thinking. This allows learners or participants to make

suggestions and adapt them by using argumentation.

Trend (2009) emphasises that science education should consider the traditional views of
learners in support of a better understanding of scientific concepts. Bhabha (1994) comes up
with what he calls a “third space theory” in order to narrow the gap between the Western
science (Eurocentric) and indigenous knowledge worldview. This process acknowledges that
indigenous knowledge forms the foundation of knowing scientific knowledge. Mastering

scientific knowledge comes from an interaction with the environment.

Wallace (2004) argues that the motive behind transferring meaning in the third space is to move
away from the authoritative view of Western science by integrating indigenous knowledge with

Eurocentric science.

2.16 Learning challenges in teaching and learning electrostatics

The biggest challenge in learning electrostatics was that learners wanted to use their home
language ‘isiXhosa’. If you keep on teaching using English as the medium of instruction, they
make noise in the class as a way of showing their dissatisfaction. It was then that | had to use
methods to attract their attention back again. It is disadvantageous to use their home language
as they wanted me to do so because the papers are set in English, rather than mixing English
with isiXhosa. Another problem | noticed was that if the bell rang, then the attention of the
learners was lost before the end of the lesson. When the discussion took place in the classroom
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while dealing with the question of whether lightning is a natural cause or is caused by
supernatural causes or both, learners were so emotional about that question. They could not
wait for each other to raise their views. They could not express themselves in English but rather

in isiXhosa because they were emotional.

It was a big problem between the learners who believed that lightning is caused by witches and
learners who believed that lightning is caused by natural causes. Learners wanted their voices
to be heard and dominated in their discussions by making an uproar in the class. After the
DAIM had been implemented, learners showed that there had been a shift in understanding that
lightning is caused by witchcraft and belief that lightning is caused by unbalanced charges in
the atmosphere that had been identified in the interviews and the post-test. For the learners to
master electrostatics in Grade 10, they must be able to understand electric charges. They must
understand that all materials contain positive and negative charges. It should be understood that
the positive charges are called ‘protons’ and the negative charges are called ‘electrons’.
Learners should be able to understand that, if you rub materials together, electrons might be
rubbed from one material to the other material. This will make one material have extra electrons
and the other have a deficiency of electrons. The material that has more electrons is negatively
charged and the material that has a deficiency of electrons is positively charged. Learners have

many misconceptions about the charged objects.

Learners ten confuse that the material that has gained electrons has a positive charge and the
one that has lost electrons has a negative charge. They are confused as to which charge is
moving and which charge is not moving. Learners have a misconception about a charged object
and an uncharged object. Uncharged material will be the object that has charges but the number
of electrons will be equal to the number of protons. A negatively charged object is an object

that has the number of electrons more than the number of protons.

A positively charged object is an object that has the number of electrons lesser than the number of

protons. Learners have the misconception that if you bring two charges with different charges

together, then you separate them, and each charge will maintain its original charge. The reality is

that, if you bring two different charges together then you separate them then they will have the

same charges.

Whenever the educator is doing a demonstration for the learners showing the charged ruler or

balloon or a comb attracts small pieces of paper or charged balloon changes the direction of water

coming from the tap, then the learners believe that the educator has magic.
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Learners must understand that unlike charges attract each other and like charges repel each
other. It is the role of a teacher to emancipate the mind of a learner from thinking that this is
not magic. The teacher will have surely integrated the Indigenous knowledge of ‘magic’ into
the scientific concept of ‘attraction’. Some Indigenous people believe that lightning is caused
by witches and traditional healers while some middleclass people believe that lightning is
caused by natural causes. In other parts of South Africa, the formation of lightning is associated

with witchcraft.

Church people are divided, some say that lightning is caused by nature, others believe that
witchcraft and traditional healers can cause too the formation of lightning. This has an impact
on the development of the mind of a learner and it creates confusion that results in
misconceptions about lightning. The information that is given by community members to
children is conflicting with the one that is given by the school science. Another misconception

that is made by indigenous people is that the mirror in the house attracts lightning.

In areas where the community members have internet access and have few literate individuals,
those who can read and write serve as catalysts for spreading knowledge and intellectual

liberation among their neighbours.
2.17 Challenges in integrating 1K into science

Although integrating IK and science has got advantages, it also has got its own challenges.
Differences in the languages of modern science and IK pose a big challenge hence the
languages of the African people were ignored and marginalised and were taken as not giving
the right direction to modern science (Reis & Ng-A — Fook, 2010). Indigenous knowledge has
been ignored although it is the base for understanding science concepts hence it is viewed as a
traditional curriculum and it is not taken as a reality (Battiste, 2005; McKinley, 2005). This
difference in languages about Indigenous knowledge created problems in the sense that modern
science has certain laws that have to be followed and the Indigenous languages that has got the
idioms to make the language richer somebody who is not familiar with the language can

confuse him/her a lot more especially if you are learning a language as foreign language.

In the South African context, the legacy left by apartheid laws and policies created challenges

in the valuing of indigenous knowledge. An example of the legacy of apartheid was the creation

of the Bantustans so that the indigenous beliefs could be practiced there without collaborating

with white people and their values. If you had to visit places like Cape Town and Johannesburg,
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you had to get permission and you would be given what they called a ‘Pass’ to stay there for a
certain period. After 9 o'clock in the evening, street travel was prohibited, and anyone found
moving about would face arrest. African people were not allowed to share the same toilets with
white people; they even had different seashores. Everything that was done by a white person

was taken as right even if a white person assaulted a black man.

The drivers of apartheid believed that there had been no necessity for a black child to do
Mathematics and Science. Furthermore, among the Indigenous people, there had been a belief
that sending a girl child to school was just a futile exercise because she would eventually get
married and bear children. Those beliefs created a big gap between indigenous knowledge and
modern science. The apartheid government of South Africa recognised two languages, namely,
English and Afrikaans to become two official languages and closed the doors for Indigenous
languages because they devalued the beliefs, customs, traditions, and culture of Indigenous
people. Black learners were taught in Afrikaans as a medium of instruction. The youth of 1976
became tired of getting their education in Afrikaans as a result in June 1976 they showed their
dissatisfaction by getting through the streets of Soweto protesting against the use of Afrikaans
as the medium of instruction at schools. Many learners lost their lives at the hands of apartheid
machinery. The indigenous knowledge was taken as irrelevant to take part in the global
economic contribution and to be taken as part of the research that was relevant. Since 1976,

few changes have been happening in school-related issues.

Currently, there are some schools which do not have running water depending on water tanks
that are delivered to schools by the government, which are sometimes delayed. People in rural
areas of the Eastern Cape have no running water and drink with animals in dams and rivers.
Animals pass their dung into water that the people have to drink. Nappies and dead animals are
thrown into rivers while the people still have to drink that water. To date, not a single textbook
for content subjects is written in one of the African languages. Teachers are not equipped to
design a curriculum that integrates Indigenous knowledge, science, and technology (Dekkers,
2005 p. 180). Because of the absence of guidance for integrating Indigenous knowledge
systems in teaching and learning, schools, districts, and provincial authorities are not prepared
for IKS (Mushayikwa, & Ogunniyi, 2011; Naidoo, 2007).

The situation is worsened by the Department of Basic Education's failure to take a clear position

on Indigenous Knowledge (1K) within the curriculum document (Gundry & Cameron, 2008).
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Indigenous knowledge is scarcely documented in science assessment which emphasises the

unnecessity of the IKS in the science curriculum (Otulaja, Cameron, & Msimanga, 2011).
2.18 Summary

The study emphasised the role of the home language as the tool for cognitive development. It
highlighted that language is necessary for facilitating the understanding of science by providing
a cognitive framework of concepts and the entire knowledge and experience of science. The
study also stated that reading skills are extremely important for academic development.
Indigenous knowledge and home language form the basis of scientific understanding of the
electrostatics concepts. This chapter concentrated on the definition of the scientific concept of
lighting and the traditional concept of lighting. This has shown that traditionally, lightning lacks
a standardised definition, with understanding instead varying according to the beliefs and
knowledge that elders pass down to younger generations. The chapter has mentioned the
dangers posed by lightning bolts and the ways in which individuals could protect themselves

from lightning.

This chapter has also indicated the precautions as to how to prevent the dangers posed by lightning. It
has been emphasised that knowledge construction is considered the primary technical process of
creating mental structures but has little bearing on the nature of subjective knowledge within the mind.
Cognitive constructivism is seen as the tool that is rubber-stamping a multitude of significant empirical
findings regarding learning, memory, and cognition including schema theory, and work memory
models of brain function. This chapter has also shown that educators serve primarily as guides and
facilitators of learning, not instructors. In this chapter, argumentation also played an important role,

by giving the views to justify a claim.

Instruments such as CAT and DAIM were used to give the cognitive understanding of lightning
in constructing scientific knowledge from an indigenous knowledge perspective. Challenges
faced by learners in learning electrostatics have been highlighted. This chapter has shown that
the integration of Indigenous Knowledge (IK) into school science has generated significant

confusion among students, creating various challenges in the learning process.
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Chapter 3: Methodology 3.1 Introduction

The main purpose of the previous chapter was to gather the literature that supported the
integration of indigenous knowledge into school sciences that would make learning fruitful and
beneficial to the learner through a tool called the Dialogical Argumentation Instructional Model
(DAIM). The co-purpose of the previous chapter was to ascertain the role of the DAIM in
enhancing learners’ views of electrostatics, particularly lightning, in Grade 10 learners before

and after the DAIM intervention.

This chapter aimed at showing how effective the research paradigm that was going to be used
to approach the research. This chapter wanted to give details of the research design, the
methodology, the sampling strategies, the research instruments, the validity of the instruments,
and the ethical considerations for enhancing learners’ understanding of electrostatics through

the tool DAIM.

3.2 Constructivist paradigm
The constructivist paradigm emphasises that individuals actively construct their understanding

and knowledge of the world through experiences and reflection. There are key principles of

constructive paradigm:

Active knowledge: Individuals do not passively absorb information, they actively build their

knowledge by connecting new ideas with prior experiences and existing frameworks.

Meaning-making: Knowledge is not simply transmitted but is interpreted and understood within the

learner’s unique context and worldview.

Learner-centred approach: The learner’s perspective, interest, and cultural background play
a crucial role in shaping the learning process. In educational settings, constructivist teachers
provide opportunities for problem-solving, inquiry-based learning, and collaborative activities.
The teachers encourage students to formulate and test ideas, draw conclusions, and share their
knowledge in a collaborative environment. The constructive researcher often relies on the
participant’s view of the situation being studied and recognises the impact of the research and
their own background and experiences (Creswell, 2009). Inquiry is undertaken in natural
settings using unstructured observations, open interviewing, idiographic descriptions, and
qualitative data analysis as part of constructivist methodology in order to generate substantial

situational information (Henning, 2004). The constructivist researcher shifts focus from the
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teacher as the sole authority to the student as the active participant in constructing their own

understanding.

Research: Constructivist researchers emphasise the participants’ own constructions,
descriptions, and narrations of their lived experiences. They recognise that knowledge is
coconstructed between the researcher and the participant. Qualitative research methods, such
as interviews and case studies are often used to explore the meanings people attach to their
experiences. In reality, the constructive paradigm recognises that learning is a deeply personal
and active process where individuals shape their understanding through engagement with the

world around them.
3.3 Research methods

De Vos, Strydom, and Fouche (2002) state that at present, there are two well-known and
recognised approaches to research, namely: quantitative and qualitative approaches. When the
quantitative approach is combined with the qualitative approach, it is called mixed research.
The study used a mixed approach. The study was conducted in two schools in Langa Township.
It was decided that only two schools should conduct the study because of the time constraints,
financial constraints, and COVID-19 regulations. According to Ogunniyi (1999), the first thing
was to gather a group of teachers and researchers in order to further examine the problems

already identified in the survey and share further ideas and concerns in workshops.

Physical science teachers from the participating schools were consulted about classroom
management strategies, including maintaining order and preventing disruptions, reducing
student movement in and out of classrooms, managing disruptive students, and organising
classroom structure. Observations, recording, and taking of the photos had to be planned before

the data could be collected.

A pre-test was given to both groups, the experimental and the control groups to check the prior knowledge

of the learners.

3.3.1 The quantitative research

After administering pre-test questionnaires to both the experimental and control groups, the
responses were scored and recorded. The experimental group received treatment after they had

written the pre-test on the lesson of electrostatics under the concept of ‘lightning’. The
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experimental group was taught using the Dialogical Argumentation Instructional Model
(DAIM). The aim of using DAIM was to familiarise learners with the argumentation. Learners
were given worksheets as individuals so that they could think about the content of the page
they were given. They were then divided into small groups of five learners each. They were

expected to discuss among themselves as groups to share ideas and reach a consensus.

The advantage of the group discussion was that, learners shared ideas among themselves using
their home language. The disadvantage of the group discussion was that clever learners
dominated the group discussion. The reason why learners were given worksheets as individuals
was to stimulate a thinking space for individual learners. The questions prompted internal
argumentation (intra-argumentation). The small groups shared their ideas and recorded their
responses. The small groups (inter-argumentation) drafted some minutes in preparation for the
presentation in the whole class and appointed a group leader for each group. There was time
for the presentation of the groups by the group leaders. Each group was showing arguments
about lightning, claims, and warrants. The whole class then received time to discuss what had
been presented by the group leaders. The teacher facilitated the whole process. As a facilitator,
the researcher randomly selected few participants and interviewed them to reflect on the

process of argumentation and understanding of issues.
3.3.2 The qualitative research

Qualitative research was also used because this approach focuses on obtaining data through
open-ended conversations and verbal communication. The one-on-one interviews were

conducted in the experimental group.

The teachers who were teaching Physical sciences in participating schools were also
interviewed. The interviews were conducted face-to-face but not through emails, phones,
WhatsApp, Facebook, Twitter, etc. When the interviews were conducted, the researcher had
the opportunity to observe the body language of the respondents. Focus groups of about four
learners were interviewed, one person per group after the presentation had been finished. The
aim of the interviews from the side of the learners was to check any conceptual change that the

learners wedged from the argumentation theories used.
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3.4 Research setting

According to De Vos and Fouche (2002), at present, there are two well-approved and
recognised approaches to research, namely, the qualitative and quantitative approaches. You
can either use a quantitative or qualitative approach to the study but if you use both of them, it
will then be called mixed kind of research. This study has concentrated on both qualitative and
quantitative research approaches. The study took place in two schools that are demarcated
under the central region in Langa Township in Cape Town. The names of the two schools are
called ‘School A’ and ‘School B’ which are both high schools. School A was the experimental
group and School B was the control group. The science teachers who assisted in data collection
were Teacher A from School A and Teacher B from School B. Both schools use isiXhosa as
the home language and English as the medium of instruction. Both schools come from
previously disadvantaged backgrounds. The reason for choosing only two schools was the
financial constraints and the lack of resources. Both schools are in the Western Cape Province
under the Western Cape Education Department (WCED). Most of the leaners in the township
stay in shacks where there is no electricity and formal toilets. The shacks are congested and
there are no formal streets constructed. There is no tap water and residents have to travel
distances to get tap water. Some of the learners stay in old community flats where there are a
lot of rats and cockroaches. For these learners to survive, they depend on grants they receive
from the government and the feeding scheme they get from schools. Most of their parents are
unemployed single mothers. When the schools were closed due to the COVID-19 lockdown,

they struggled a lot to get something to eat.

3.5 Research design

The research design is perceived as the logic of the researcher, how he/she is going to unfold
the methodology. Research design is seen as the actualisation of logic in a set of procedures
that optimises the validity of data for a given research question. Mouton (2001, p. 175) states
that a research design serves to plan, structure, and execute the research to maximise the
validity of the findings. According to McMillan and Schumacher (2010), the research design
for this paper will be a descriptive and interpretive one based on qualitative and quantitative

research. Research methods are the means of collecting and analysing data.
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The design will consist of one experimental group (E) and one control group (C) as shown

below:
01 X 02 Experimental group
03 04 Control group

01 and 03 represented the pre-tests from the experimental and control groups respectively, and
02 and 04 represented the post-tests from the experimental and control groups respectively. X
stands for the treatment, i.e. the Dialogical Argumentation Instructional Model (DAIM). The
experimental group was exposed to DAIM while the control group was not exposed to the
traditional lecture demonstrations. An interpretive focus was used to triangulate various data
inputs in the extrapolation of answers to the research question where appropriate. This was
classified as a quasi-experimental approach in research design. Comparisons were then made
to test the effectiveness of the pedagogy applied. The learners were given all the necessary
materials for electrostatics. They were given questionnaires for the pre-test and post-test and
the evaluation forms. Learners were writing pre-tests under the supervision of the researcher.
Selected science educators who were teaching physical sciences were also interviewed to find

out if the questions of the interview and test were relevant or not.

The pre-test and the post-test were marked and recorded. Many aspects were analysed to discern
the transition from an indigenous perspective to a scientific one. The researcher analysed the
performance of the learners in both tests. The researcher highlighted the areas that needed
urgent attention from learners. The researcher thanked and appreciated all participants for their

contributions including learners, HODs, principals, and selected science teachers.
3.6 Experimental group

The experimental group was regarded as a group that had written pre-tests and given
treatment before they could be given post-tests. This group was expected to perform better
than the control group since it received treatment and it did exactly as it was expected. The

study addressed the following questions:
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RQ 1: Is there any significant difference in Grade 10 learners’ views on lightning before and after the

Dialogical Argumentation Instructional Model (DAIM) intervention?

RQ 2: What role does the DAIM play in teaching and learning electrostatics in grade
10?

RQ 3: Does language have an influence on learners’ understanding of the concept electrostatics particularly

lightning?

The experimental group consisted of 39 participants. There were 14 and males 25 females.
The participants were between the ages of 15 and 17 years of age. Twenty participants were
at the age of 15. Twenty-five participants were at the age of 16 and four participants were at
the age of 17. The parents of the learners originally came from three provinces, namely,
Northern Cape, Eastern Cape, and Western Cape. Thirty-six parents originally came from the
Eastern Cape, meaning that participants had the background of Eastern Cape. Twelve parents
of the participants came from the Western Cape, meaning that the participants had a
background of the Western Cape and one parent was coming from the Northern Cape,

meaning that the participant had a background of the Northern Cape.

The participants indicated that the qualifications of their parents are as follows: Five participants
indicated that they have no fathers. Three learners indicated that their fathers passed grade 11. Four
participants indicated that their fathers have degrees. Thirteen participants indicated that their fathers
have passed grade 12. Two participants indicated that their fathers have passed grade 9. Twelve
participants did not highlight their fathers’ qualifications. Three participants indicated that their mothers
have degree qualifications. Five learners showed that their mothers have diplomas. Seventeen participants
indicated that their mothers have passed grade 12. One participant highlighted that her mother has passed
grade 11. One participant indicated that her mother has passed grade 9. Two participants showed that
their mothers have no qualifications, and 10 participants did not indicate the qualifications of their
mothers. The DAIM was very instrumental in assisting learners to understand things from the IK point of
view and scientific point of view. The fact that most learners had backgrounds from Eastern Cape assisted
them a lot, they had the experiences of lightning and the damages it has caused to human beings, animals,
and properties and they were told by the elders through their home language the safety precautions

although some of the safety precautions were dangerous.
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Some of the learners believed that lightning is caused by witches with the intention to Kill
other people because of jealousy. The learners’ experience of lightning from the Eastern Cape
helped them immensely in answering questions concerning lightning and the safety
precautions given by their elders. Some of their parents are Indigenous people, others are
middle-class people, for example, teachers, nurses, police, etc. The learners who were born in
Cape Town experienced difficulties in answering questions concerning lightning and
precautions as to how to prevent lightning, and what to do when they see that the storm is
coming. This is akin to asking a child or someone in Zimbabwe who has never left the
country to imagine the sea. He/she has no imagination of how the sea looks like as they have

lived inland and never experienced the sea.

School A had been chosen as the experimental group. The school is a Maths, Science, and
Technology school (MST) situated in Langa Township in Cape Town. The school belongs to the
Western Cape Education Department (WCED) under Central Metro. The home language of the
learners is isiXhosa and is a formerly disadvantaged school. The medium of instruction was
English and was the first additional language. The school had an enrolment of approximately 1900
learners with 51 teaching staff. The teacher-learner ratio in class was 1:45. The school had two
caretakers, five workers working in the garden, three cleaners in the administration building, and
nine workers that were cooking food for the learners. The school had one principal and two deputy
principals. One deputy principal was responsible for curriculum and the other was responsible for

administration. The school had three qualified Physical Science educators.

The school had two science laboratories not well equipped with science apparatus, for
example, there were no lab coats, or goggles, some of the chemicals had no labels, and no
hand gloves in the laboratory. Some of the chemicals had expired. The school started from
Grade 8 up to Grade 12. It had three feeder primary schools. The school usually produces
better Grade 12 results in the community, approximately 79% to 90%. It dominated in the
vicinity in terms of learner enrolment. There are three other high schools within the
community. The other schools struggled to make even 800 learners enrolment because

learners wanted to go to School A.
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Figure 3.1: Participating school (experimental group)

Figure 3.2: Participants writing post-test (experimental group)
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3.7 Control group

The control group was identified as the group that did not receive the treatment or intervention.
School B was regarded as the control group. The inclusion of the control group was to
strengthen the ability of the researcher to draw conclusions from the study. The control group
helped the researcher to check whether the treatment had worked effectively or not. The school
also belongs to the Western Cape Education Department (WCED), under Metro Central. The
school had a total enrolment of 1045 learners. The control group consisted of 35 learners with

12 males and 23 females.

The qualifications of the parents of the participants were as follows:Six participants have
claimed that their fathers have obtained degrees. Five participants have indicated that their
fathers have passed Grade 12. Two participants claimed that their fathers have passed Grade
11. One participant highlighted that her father has passed Grade 9. One participant indicated
that his father has no educational qualification, and 20 participants did not indicate any
qualifications of their fathers. Two participants showed that their mothers have obtained degree
qualifications. Two learners highlighted that their mothers obtained college diplomas. Nine
participants indicated that their mothers have passed Grade 12. Three participants indicated
that their mothers have passed Grade 11. One learner indicated that her mother has no

qualification. Eighteen participants did not indicate the qualifications of their mothers.

Nineteen participants originated from the Eastern Cape. Two participants originated from
Western Cape, and 14 participants did not indicate the origin of their parents. The participants
were between the ages of 15 years and 19 years. Two participants were at the age of 15 years.
Eleven participants were at the age of 16 years. Twenty participants were at the age of 17 years.
One learner was at the age of 18 years and one learner was at the age of 19 years. The control
group was dominated by participants who were at the age of 17 years. It is of paramount
importance to know the background of the provinces where the participants came from for this
study because it dealt with weather conditions. The home language of the learners was isiXhosa
and the medium of instruction was English, which served as the first additional language
(FAL).

The school had two science laboratories. It had principal and deputy principal. The school had
28 teaching staff including the principal and five non-teaching staff members and three

caretakers. The school had one qualified Physical Sciences educator. The teacher who had been
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teaching the control group had eight years of teaching experience, the teacher was teaching

science from Grade 8 to Grade 12.

Figure 3.3: Participating school (control group).
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Figure 3.4: Participants writing post-test (control group).

3.8 Research instruments

The motive behind the study was to find the impact of indigenous knowledge in learning and
teaching electrostatics, particularly lightning, in Grade 10 learners. The purpose was to see the
contribution played by the home language in understanding the concept of lightning and the
role played by argumentation theories in cognitive development. The questionnaires were
designed to accommodate learners’ cultural knowledge and the school science. Since the aim
was to integrate the IK and science, the questionnaires were translated to isiXhosa their home
language so that participants could understand the gist of the paper with the intention of
answering questions as much as they needed hence they were allowed to use even their home
language to answer the questions. The interview questions were used as the instrument to

collect the qualitative data.

A questionnaire was in the form of a survey. Survey is the process by which the researcher
collects data through a questionnaire (O’leary, 2014). A questionnaire is the instrument for
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collecting primary data (Cohon, 2013). Interviews were done with both learners and educators

of the participating schools.

An interview is a face-to-face conversation between a researcher and a participant involving
the transfer of information to an interviewer (Creswell, 2012). The interviews were designed
in such a manner that was going to prompt the effectiveness of using the argumentation theories

mentioned above in the learners’ understanding of lighting.

The questionnaires that were used by the experimental group and control group had the same
content. The interviews were also used to identify the differences in conceptual changes before
and after intervention. The interviews were designed to allow open-ended answers about the
understanding of lightning and the answers were recorded. Learners were encouraged before
interviews to remain calm, composed, and relaxed before the interviews, so they could respond
to the questions in their own way and provide as much information as possible. During

interviews, learners were encouraged to give extra information that they thought was relevant.

The majority of the learners, and their parents came from the Eastern Cape. During vacation, most of these
learners spent their time in the Eastern Cape. Bilateral meetings with the teachers who were teaching these
learners science, from both schools were held. In those meetings, some of the things that were discussed

were the following:

» The questions that were given to the learners.

» Organisation of the learners in class.

* Monitoring of the learners in the class while they were busy writing tests.
» Assisting learners in grey areas of the questionnaires.

» Observing of the learners during the test period.

« Maintaining discipline in class while they were writing tests.

The post-test was not different from the pre-test. The experimental group was given treatment
before they could write the post-test while the control group did not receive treatment. The
pretest and the post-test were in the form of questionnaires. A few interviews were conducted

following the intervention and the post-test.
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3.9 Data collection

The data collection for this study was divided into three categories namely:

1. Questionnaires
2. Observations

3. Interviews

3.9.1 The questionnaires

The structure of the questionnaires

Questionnaires were used to collect the data for several reasons. Questionnaires were not made
in the form of a rating scale. The questionnaires wanted the learners to give information about

lightning.

Their beliefs were based on the information that was told by their elders. Most learners had
experienced seeing a lightning bolt in the past because of their background from the Eastern
Cape. In the Eastern Cape, it is not uncommon to see lightning during summer times when it is

a school vacation.

Most of the land in the Eastern Cape is red. The scientists say that if the land is red, there is a
high probability of getting lightning because there are more positive charges in red soil. The
clouds become charged through the rubbing of the cloud and produce more negative charges.
Most of the participants who were originated from the Eastern Cape have experienced seeing
a lightning bolt. That is the reason why the researcher chose something that the learners have

experienced, which is also scientific.

The participants both the experimental and the control group wrote the same questionnaire. The
only difference was that the experimental group was exposed to DAIM although the control
group was not exposed to DAIM. The questionnaire was designed in such a way that it required
the participants to give information about their genders, ages, information about the
background of their parents, for example, the provinces where their parents come from, and
about qualifications of their parents. Activity 1 was open-ended questions that required the
participants to reveal the experiences of the participants about lightning, and their beliefs
(Appendix F).
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Activity 2 required the participants to disclose the constructivism they experienced from their
parents (Appendix F). The researcher as the facilitator read the questions in English and
interpreted the questions into isiXhosa, their home language before they could start answering

the questionnaire.

Questionnaire analysis

The questionnaire analysis aimed to explore common traditional beliefs about the
understanding of lightning, determine how many participants left certain questions blank,
identify how many responded in their home language, isiXhosa, and assess if there had been
any conceptual shift after the DAIM intervention. For those who responded in isiXhosa, it was
interpreted into English so that everybody would be on the same page. The mean, standard
deviation, percentage obtained by participants were recorded on the tables 4.5. Performance by
gender was shown in the table 4.5 as well. The performance results for the pre-test and the
posttest for experimental and control groups were demonstrated in the table 4.6. The
information mentioned above was obtained from the questionnaire that had been written. All

of this information was based on the understanding of lightning before and after DAIM.

3.9.2 Observations

Observation is defined as the way of gathering data by watching behaviour, events, or noting
physical characteristics in their natural settings. According to Rossman (1989), observation is
the systematic description of events, behaviours, and artefacts in the social setting chosen for
study. Observation enables the researcher to describe the current situation so that, the researcher
can come up with the relevant conclusion. Fieldwork involves active looking, improving
memory, informal interviewing, writing detailed field notes, and most importantly, patience
(DeWalt & DeWalt, 2002, p. vii).

Schensul, Schensul, and LeCompte (1999) defines participant observation as the process of
learning through exposure to or involvement in the day-to-day or routine activities of
participants in the researcher setting (p. 91). Bernard (1994) defines participant observation as
the requirement of a certain amount of deception and impression management. DeWalt and
DeWalt (1998) also define participant observation as being an open, non-judgemental attitude,
being interested in learning more about others, being aware of the propensity for feeling culture

shock and for making mistakes, the majority of which can be overcome, being a careful
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observer and good listener, and being open to the unexpected in what is learnt. Fine (2003) uses
the term “peopled ethnography” to describe text that provides an understanding of the setting
and that describes theoretical implications through the use of vignettes, based on field notes

from observations, interviews, and products of the group members.

Fine also suggests that ethnography is most effective when one observes the group being
studied in settings that enable him/her to explore the organised routines of behaviour.
Observation methods provide researchers with ways to check for nonverbal expression of
feelings, determine who interacts with whom, grasp how participants communicate with each

other, and check for how much time is spent on various activities Schmuck (1997).

According to Marshall and Rossman (1995), participant observation allows researchers to
check definitions of terms that participants use in interviews, observe events that informants
may be unable or unwilling to share when doing so would be impolitic or insensitive, and
observe situations informants have described in interviews, thereby making them aware of
distortions or inaccuracies in description provided by informants. Participant observation can
be used to help answer descriptive research questions, to build theory, or to generate or to test
hypotheses (DeWalt & DeWalt, 2002).

During the lesson, discussion in the class, and interviews, the presence of the subject teacher
is crucial because the learners remain quiet in his/her presence. | noticed this when | started the
lesson. The subject educator was present in the class and the learners were quiet but the subject
educator went out of the class during presentation time and the learners started making noise.
It was even worse when | was conducting interviews. Even when the learners were writing the
test, I noticed that participants were always referring to one another to find out what was written
by others. The participants then filled in the evaluation forms. They were always checking with

one another if they had written the correct information.

3.9.3 Interviews

The researcher introduced himself to the participants who were in the classroom and
highlighted the intentions of being there. Before interviews and the DAIM were conducted,
permission was requested by the researcher to the learners of the experimental group and the
teacher from the experimental group. The permission was granted and the interviews were
conducted. The learners, from the first to the last, were coded as EO1, E02, and so on, up to the

final interviewed learner. The interviews were recorded. An interview is a type of framework
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in which the parties and standards are not only recorded but also achieved, challenged, and as
well reinforced (Oakley, 1998). The interviews were done with few participants after all of
them were exposed to DAIM to find out if there had been some conceptual shift from the way
of understanding lightning or not. The interviews and the post-test in the experimental group
addressed RQ 1 and RQ 2.

The interviews consisted of seven questions that were designed to be straightforward and clear,

ensuring they were easily understandable. The questions were asked in English the first

additional language and interpreted in isiXhosa, their home language.

Each interview lasted approximately five minutes. The interview unfolded after the

DAIM had taken place. | used period number 5 and 6, the last period to conduct the interviews and the
DAIM. The participants were informed to relax and answer the questions as much as they needed and asked
to let the interviewer repeat the question if they did not hear clearly. While the participants were responding
to the questions, a recording of the responses was done. The participants were given surety that, everything
would be treated as confidential about interviews. The interview questions were open-ended and, therefore
required open-ended answers. When learners were asked about the challenges and experiences they had
about lightning, while the interviews were taking place other learners who were not being interviewed were
making noise. The reason why they were making noise was that the researcher was paying attention to the
interviews and the subject teacher at that particular moment was out of the classroom to assist in

maintaining discipline.

The researcher managed to interview four learners. The reason for affording only four was that
the bell for the end of the school day had echoed already and the learners were rushing to go

home without being given permission by the researcher.

The researcher thanked those participants who remained behind and collected all their

belongings.
Video recording

While the discussion and interviews were unfolding in class of the experimental group, video
recording was taking place at the same time. The aim was to analyse the understanding of
lightning before and after the DAIM had progressed. The recording assisted the researcher in
observing and analysing the participants in group discussions and managed to identify that the

boys were too shy to do presentations in their respective groups and only girls presented.
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3.10 Limitations

The study was conducted only in two schools in Langa Township in Cape Town. The study
needed Physical Sciences learners of Grade 10 and Physical Science teachers of the
participating schools only. Teaching was limited to electrostatics, specifically the concept of

‘lightning’. There was not enough time to discuss the findings as science educators but utilised
the limited time to highlight key issues. The small sample size for data collection was not the
true reflection of the challenges of the learners but at least it gave the way forward. In
qualitative research, the following are limitations: the researcher could not verify the results in
qualitative research because the answers were open-ended. Qualitative research is not statically
representative. The techniques of the researcher and the observations have the probability of

altering information in elusive ways. Qualitative research is a time-consuming process.
3.11 Delimitations

Indigenous knowledge was taken as the main building block for cognitive development.
Infusion of Indigenous knowledge into the school science curriculum was an initiative intended

to accommodate the diverse beliefs of learners to lightning.

Home language played an effective role, shifting from indigenous knowledge to scientific
knowledge. Argumentation theories were instrumental in building the border crossing of the

learners.
3.12 Validity

Validity is the research tool that measures the reality of research (Scarfe, 2004). Validity was
made to show the link between the data collected and the interpretation of data. According to
Schumacher and McMillan (2006), the validity of qualitative research measures the extent to
which the researcher’s interpretations have a mutual agreement with participants. Validity is
stronger with the use of strategies used with the observations, such as interviewing, document
analysis, or surveys and questionnaires. The questionnaires were designed to assess the

understanding of lightning before and after the intervention had been done.

The questionnaires were discussed by science educators before they were taken to the learners.

They consisted of open-ended questions and closed-ended questions. The questions that needed
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Indigenous knowledge and scientific knowledge added up to 20 marks. The questionnaire also
consisted of questions that were close-ended. The data were collected in three weeks,

interviews included.

The interviews were recorded, capturing the participants' responses. The participants were
encouraged to relax, give as much information as they could, and even express themselves in
isiXhosa. The abundance of information shared demonstrated the effectiveness of the DAIM

instructional model in enhancing cognitive thinking regarding lightning.

3.13 Ethical Considerations

As a researcher, | had to comply with the standards set by the University of the Western Cape,
Human Social Sciences Research Ethics Committee (HSSREC). Applications to get permission
to conduct research were done to two schools. One school was called the experimental group
and while the other school was called the control group. The consent from both schools was
granted (see Appendices A & B). The consent to conduct the research was also asked from the
learners themselves as stipulated in Appendix E. The day | started the research, I also verbally
requested permission from the learners to conduct the research. The learners granted the

researcher permission and the research resumed.

There had been communication breakdown between my supervisor and myself caused by the

outbreak of COVID-19 and this led me looking for another supervisor.

The study took place during school hours. The learners selected for participation in the research
were given consent forms to sign. The consent forms informed the learners about the intentions
of the research that was about to take place, and that the data would be treated with strict

confidentiality, and that the identity of the schools would not be revealed.
3.14 Summary

This chapter has focussed on both qualitative and quantitative research methods. Data

collection was the main focus. The chapter addressed the following research questions:

RQ 1: Is there any significant difference in Grade 10 learners’ views on lightning before and after the DAIM

intervention?
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RQ 2: What role does the Dialogical Argumentation Instructional Model (DAIM) play in teaching and

learning electrostatics in Grade 10?

RQ 3: Does language have an influence on learners’ understanding of the concept of ‘electrostatics’,

particularly lightning?

The chapter emphasised the formation of lightning and thunder scientifically and traditionally.
This has clarified the precautions that should be taken during the storm. This chapter has shown
that learners had a set of indigenous sciences. The study was confined to participating schools,
one called the experimental group and the other called the control group. In the chapter,
observations that had been noted during interviews were recorded. In the same chapter, it also

emerged that language and argumentation theories played a leading role in conceptual change.
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Chapter 4: Results and findings

4.1. Introduction

The previous chapter’s focus was on how data were collected to enable the researcher to present the

findings that will provide answers to the following research questions:

1. Research Question (RQ) 1: Is there any significant difference in Grade 10 learners’ views on

lightning before and after the DAIM intervention?

2. Research Question (RQ) 2: What role does the Dialogical Argumentation Instructional Model

(DAIM) play in teaching and learning electrostatics in Grade 10?

3. Research Question (RQ) 3: Does language have an influence on learners’ understanding of the

concept of ‘electrostatics’, particularly lightning?

Quantitative data is analysed first, then followed by qualitative analysis, and thereafter, themes
will combine findings from both designs. Finally, the findings are discussed based on the

research questions.

4.2 Research question 1: Is there any significant difference in Grade 10 learners’ views
on lightning before and after the DAIM intervention?

A questionnaire was used to collect the data about lightning. The questionnaire was written in
English and translated into isiXhosa. Prior knowledge (indigenous knowledge) was collected
through the pre-test from both groups, the experimental group and the control group. Both
groups wrote the same pre-test and post-test. The learners were required to answer questions
relating to lightning. The questionnaire had Activities 1 and 2. Activity 1 had eight open-ended
questions. The first questions needed learners to define lightning scientifically. The second
question needed the learners to define lightning traditionally. The third question required the
participants to state what causes lightning. The fourth question needed them to state what they
were told by their parents or grandparents about what causes of lightning. The fifth question,
the learners were required to show or explain how lightning is formed. The next question
required them to state whether the lightning was caused by natural phenomena or supernatural

causes or both. They were expected to support their choice. The seventh one was looking at the
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dangers caused by lightning. The last question wanted the learners to mention the how to protect
themselves from lightning. In Activity 2, the learners had to highlight either agree or disagree

to show their understanding of lightning.

4.3 Conception of lighting

Misconceptions about lightning are identified in Table 4.1 below. The experimental group was
coded by E and the control group was coded by C. The learners had to choose either agree or
disagree with a statement stated on the survey instrument. The responses to the questions were
indicated using the percentage and number of learners. The learners had to answer eight
questions. The first question was: Mirrors attract lightning. The second was: Thunder comes
first before lightning to the ground. The third was: Lightning is attracted by metals or good
conductors of electricity. The fourth was: Wearing jewellery or shoes with metal heals will
attract lightning. The fifth was: Lightning occurs even if the sky looks clear and shiny. The
seventh was: It is safe to stand under a tall tree during the storm. The last was: A car tyre on

top of the hut can prevent lightning from entering the hut.

Table 4.1: Learners’ pre-test, conceptions, and misconceptions about lightning.

Classification Variable | Agree % Disagree | %
Mirrors attract lightning. E 34 87.18 5 12.82
C 35 100 0 0
Thunder comes first beforel E 24 61.54 15 38.46
lightning to the ground. C 23 65.71 12 34.99
Lightning is attracted by |E 34 87.18 5 12.82
metals o_r_good conductors c 34 97.14 1 286
of electricity.
Wearing jewellery or shoes| E 27 69.23 12 30.77
vyith metal heels will attract C 29 82 86 6 17.14
lightning.
Lightning occurs even if the E 10 25.64 29 74.36
sky looks clear and shiny. c 5 14.29 30 85.71
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It is possible that lightning | E 19 48.72 20 51.28
can repeat striking the same c 18 51.43 17 4857
place it had stricken before. ' '

It is safe to stand under a tall E 7 17.95 32 82.05
tree during the storm. c 1 286 34 97.14
A tyre of a car on top of the | E 25 64.10 14 35.90
hut can prevent lightning c 19 54.29 16 4571

from entering the hut.

A total of 87.18% of the learners from the experimental group believed that mirrors attract
lightning while 100 percent from the control group also believed that lightning is attracted by
mirrors as illustrated in Table 4.1. Therefore, the majority of the participants believed that
lightning is attracted by mirrors. These results were obtained before DAIM was used as an
intervention in the teaching of lightning in Physical Sciences lessons. Furthermore, data
indicates that 97.14% of the learners from the control group believed that lightning is attracted
by metals or good conductors of electricity while 87.18% of the learners from the experimental
group believed that lightning is attracted by metals or good conductors of electricity. This
means that this is a perceived myth because lightning is not attracted by mirrors, or metals since
they are good conductors of electricity. Furthermore, 61.54% of the experimental group stated
that thunder reaches the earth first than lightning while 65.71% of the control group stated that
thunder comes first than lightning. This cannot be, because light is faster than sound hence

lightning is light and thunder is sound.

Results further showed that 25.64% of the experimental group showed that lightning occurs
even if the sky looks clear and shiny while 14.29% of the control group stated that lightning
occurs even if the sky looks clear and shiny. However, 51.28% of the experimental group did
not agree that it is possible that lightning can repeat striking the same place it had stricken
before while 48.57% of the control group did not believe that lightning can repeat where it

struck before.

Data from the survey showed that most participants were of the belief that it is not safe to stand
under a tall tree during a storm. Further, the data showed that 6410% of the experimental group

agreed that a car tyre put on top of a hut can prevent lightning from entering the hut while
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54.29% from the control group agreed that a car tyre on top of the hut can prevent lightning

from entering the hut.

4.4 Definition of lightning

On testing learners’ conceptions about lightning, learners in both control (C) and
experimental (E) groups were required to define lightning scientifically and traditionally in
the pre-test. The majority of the learners were able to define lightning scientifically correctly
and had their own ways of defining it culturally. The experimental group was a bit larger than

the control group. The following learners defined lightning scientifically correctly.

Learner E 07: Scientifically, lightning is a natural electrical discharge of very short duration
and high voltage between a cloud and the ground. Traditionally, is often seen as the intense

flash of light in the sky and is forced by nature.

Learner E 08: Scientifically, lightning is a giant spark of the atmosphere between the clouds,

the air, or the ground. Traditionally, lightning occurs when there are many clouds in the sky.

Learner E 20: Scientifically, is a spark of electricity that happens when there is a positive and negative

charges. Traditionally, lightning is caused/formed by people.

Learner E 41: Scientifically, lightning is the strike of electricity that is formed by clouds. Also,
it is due to the attraction of unlike charges. Traditionally, lightning is when people use

witchcraft to fight back and they form lightning.

Learner E 42: Scientifically, lightning is when there are unlike charges whereby they attract
each other. Traditionally, lightning is a bad luck. Many people believe that lightning is caused

by people who do witchcraft especially when it directly kills someone.

Learner E 47: Scientifically, lightning is when electrons attract with protons meaning the
negativity of clouds attracts the positive land. Traditionally, lightning is a bad luck that is

mostly sent by witches who don’t want to see you succeed.

Learner C 20: Scientifically, it is a spark of electricity in the atmosphere or between the
atmosphere and the ground that causes the ground to crack. Traditionally, it is the spark of

electricity that is caused by witchcraft.
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Learner C 17: Scientifically, a massive electrostatic discharge that occurs between the clouds
and ground or within the clouds, characterised by an incredible temperature, intense light, and

powerful current. Traditionally, it is a sign of divine anger, punishment, or warning.

Learner C 18: Scientifically, it is a big spark of electricity in the atmosphere or between the
atmosphere and the ground, it causes the ground to crack. Traditionally, it is often seen as a

supernatural or divine associated with spirits or mystical powers which are witchcraft.

Some of these learners mentioned above have a clue that lightning occurs scientifically, which
means it is a natural cause and others believe that lightning is caused by supernatural causes.

Most of the learners were able to define lightning scientifically as well as traditionally.

Learner C 11: Scientifically, lightning is associated with spirits, ancestors, and supernatural
beings and is considered a powerful symbol. This learner was not scientifically correct when

she explained lightning.

4.5 Causes of lightning

The collection of information about the causes of lightning is based on Questions 3 and 4 of
the questionnaire was based on the causes of lightning were administered in the pre-test for
both control and experimental groups. Fifty-nine out of the total of 74 learners, which is
approximately 79.73%, believed that the lightning is caused by either of the following,
electrical charges, cloud formation, or heavy rain. This shows that almost 80% of the learners
have an idea that lightning is a natural phenomenon. These were the individual perspectives of
the learners reflected in Question 3. In Question 3, three learners from the experimental group
and two learners from the control group believed that lightning is caused by witchcraft. Three
learners from the experimental group and three learners from the control group did not answer
the question that was asking about the causes of lightning. The responses below show the

utterances of the participants in both control and experimental groups:

Learner C 20: Lightning is caused by cloud formation, thunder, electrical discharge, and ice and water

interaction.

Learner C 13: Lightning is caused by the build-up of electric charges in clouds which then cause friction

with clouds.

Learner E 42: Lightning is caused when there is bad weather like rain and storms.

Learner E 30: Lightning is caused by supernatural powers.
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Learner E 37: Lightning is caused when God is angry and furious.
Learner E 25: Lightning is caused by someone who has done his/her evil things with protons.

In Question 4 of the instrument, the question sought to understand the meaning or cause of
lightning from the parents’/grandparents’ perspectives. Eight learners from the experimental
group and seventeen learners from the control group which is 47.30% of the participating
learners in this study had been informed by their parents or grandparents that lightning is caused
by witchcraft. Ten learners from the experimental group and nine learners from the control
group, about 25.68% of the learners’ population had been informed by their parents that
lightning is caused by weather conditions like thunderstorms, build-ups of clouds, electric
charges, and bad weather. Two learners (2.7%) coming from both groups had been told that
lightning is caused by traditional healers. Three learners from the control group and four
learners from the experimental group (9.6%) were given information that lightning is caused
by God when he is angry or ancestors when they are angry. However, these learners could not
justify why or when God is angry or when ancestors are angry. One learner from the
experimental group said that she had been told that lightning is caused by the sea that is fighting.
Two learners from the experimental group and one learner from the control group (4%) had
been told that lightning is caused by shiny objects.

Responses of the few individuals in Question 4 are shown below:

Learner C 17: Lightning is caused by ancestors e.g. when the king/queen is born, it usually lightning appears

meaning that ancestors are welcoming the baby.

Learner C 18: They said it is caused by weather patterns and when the charge combines
between the cloud and the ground. Clouds get too heavy with water and ice and create static

electricity.
Learner C 13: It is caused by witchcraft.
Learner E 12: They said that it is caused by witchcraft.

Learner E 41: My grandparents said lightning is usually caused by people who use witchcraft

and they would usually fight which brings lightning and also indicates someone’s death.

60



Table 4.2: Learners’ post-test, conceptions, and misconceptions of lightning

Classification Variable | Agree % Disagree | %
Mirrors attract lightning. E 33 84.62 6 15.38
C 32 91.43 3 8.57
Thunder comes first thenE 23 58.97 16 41.03
lightning to the ground. c o4 68. 57 11 31.43
Lightning is attracted by |E 19 48.72 20 51.28
metals or good conductors c 33 94.99 2 571
of electricity. ' '
Wearing jewellery or shoes| E 25 64.10 14 35.90
with metal heels will attract C 30 85.71 5 14.29
lightning. ' '
Lightning occurs even if the E 28 71.79 11 28.21
sky looks clear and shiny. c 17 48. 57 18 5143
It is possible that lightning | E 30 76.92 9 23.08
can repeat striking the same C 20 57 14 15 42 86
place it had stricken before. ' '
It is safe to stand under a tall E 7 17.95 32 82.05
tree during the storm. c 2 571 33 94.99
A tyre of a car on top of the | E 24 61.54 15 38.46
hut can protect lightning from c 18 51.43 17 48. 57
entering the hut. ' '

Table 4.2 shows how the learners responded to the post-test concerning their conceptions and
misconceptions of the lightning topic. The experimental group had gone through DAIM and
the control group was not exposed to DAIM intervention. Eleven (28.21%) learners from the
experimental group agreed with the myth that mirrors attract lightning while twenty-eight
(71.79%) learners did not agree with the notion that mirrors attract lightning. From the control
group, in the post-test thirty-two (91.43%) learners agreed that mirrors attract lightning while

three (8.57%) learners did not agree with the fact that mirrors attract lightning in the post-test.
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Twenty-three (58.97%) learners from the experimental group in the post-test agreed with the
myth that thunder comes first then lightning to the ground. Twenty-four (68.57%) learners from
the control group in the post-test agreed that thunder comes first then lightning to the ground
while eleven (31.43%) learners did not agree that lightning thunder comes first then lightning
to the ground. Nineteen (48.72%) learners from the experimental group agreed that lightning
IS attracted by metals or good conductors of electricity. Thirty-three (94.29%) learners agreed
with the phrase that lightning is attracted by metals or good conductors of electricity while two
(5.71%) learners disagreed that lightning is attracted by metals or good conductors of

electricity.

Nine (23.08%) learners from the experimental group in the post-test agreed to the myth that
wearing jewellery or shoes with metal heels will attract lightning while thirty (76.92%) learners
disagreed that wearing jewellery or shoes with metal heals will attract lightning. Thirty
(85.71%) learners from the control group in the post-test agreed with the phrase that wearing
jewellery or shoes with metal heels will attract lightning while five (14.29%) learners disagreed

that wearing jewellery or shoes with metal heels will attract lightning.

Ten (25.64%) learners from the experimental group in the post-test agreed that lightning occurs
even if the sky looks clear and shiny while twenty-nine (74.36%) learners disagreed that
lightning occurs even if the sky looks clear and shiny. Seventeen (48.57%) learners from the
control group in the post-test agreed that lightning occurs even if the sky looks clear and shiny
while eighteen (51.43%) learners disagreed that lightning occurs even if the sky looks clear and
shiny. Twenty-two (56.41%) learners from the experimental group agreed with the fact that it
is possible that lightning can repeat striking the same place it had stricken before while
twentyfive (64.90%) learners disagreed that it is possible that lightning can repeat striking the
same place it had stricken before. Twenty (57.14%) learners from the control group in the post-
test agreed that it is possible that lightning can repeat striking the same place it had stricken
before while fifteen (42.86%) learners disagreed that it is possible that lightning can repeat

striking the same place it had stricken before.

Twenty (51.28%) learners from the experimental group agreed that it is safe to stand under a
tall tree during a storm while thirty-two (82.05%) learners disagreed that it is safe to stand
under a tall tree during a storm. Two (5.71%) learners from the control group in the post-test
agreed that it is safe to stand under a tall tree during a storm while thirty-three (94.29%) learners

disagreed that it is safe to stand under a tall tree during a storm.
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Twenty-four (61.54%) learners from the experimental group in the post-test agreed that a tyre
of a car put on top of the hut can prevent lightning from entering the hut while fifteen (18.46%)
learners disagreed that a tyre of a car put on top of a hut can prevent lightning from entering
the hut. Eighteen (51.43%) learners from the control group in the post-test agreed that a tyre
put on top of the hut can prevent lightning from entering the hut while seventeen (48.57%)
learners disagreed that a tyre of a car put on top of the hut can prevent lightning from entering
the hut.

4.6 Natural, supernatural, or both causes of lightning

Table 4.3: Learners pre-test and post-test showing natural, supernatural, or both beliefs of lightning
formation

Variable Natural | % Supernatural | % Natural & % No
only only Supernatural answer
Control: Pre-Test 22 62.86 |1 2.86 |10 28.57 |2
Post-test 26 7429 |1 286 |8 2286 |0
Experimental: Pre-test 21 53.85 |5 12.82 | 13 3333 |0
Post-test 31 79.49 |10 0 8 2051 |0

In Question 6 of the questionnaire, learners were excited to give their views, and opinions of
how they think lightning is formed by natural causes or supernatural causes or natural and
supernatural causes. The responses of the control and experimental groups were recorded in
Table 4.3. Twenty-two (62.86%) learners from the control group in the pre-test believed that
lightning is caused by natural causes only. One learner (2.86%) believed that lightning is caused
by supernatural causes only. Ten (28.58%) learners believed that lightning is caused by
supernatural causes only and two (5.71%) learners decided not to answer the question.
Twentysix (74.29%) learners from the control group in the post-test believed that lightning is
caused by natural causes only. One (2.86%) learner believed that lightning is caused by
supernatural causes only and eight (22.86%) learners believed that lightning is caused by both
natural and supernatural causes. Twenty-one (53.85%) learners from the experimental group in
the pre-test believed that lightning is caused by natural causes only. Five (12.82%) learners
believed that lightning is caused by supernatural causes only. Thirteen (33.33%) learners
believed that lightning is caused by both natural and supernatural causes. Thirty-one (79.49%)
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learners from the experimental group in the post-test believed that lightning is caused by natural
causes only. Eight (20.51%) learners believed that lightning is caused by both natural and

supernatural causes.

4.7 Protection against lightning pre-test and post-test

The collection of data about the protection of lightning is in Question 8 of the questionnaire
where the question was saying: How can you protect yourself from lightning? The learners
responded from both groups, the control group and the experimental group. The responses
below were mentioned by some of the learners. You must stay indoors or take shelter, you must
switch off all devices, unplug appliances, take off jewellery during the storm, cover shining
objects, and not take shelter under a tree or near tall objects. It further continued, avoid open
areas or hills and mountains, cover mirrors, do not touch conductive materials, do not stand
near the window, do not run, do not take a shower during a storm, put a tyre on top of the house,
and monitor the weather. The learners who mentioned monitoring of weather from the pre-test
were 17.14% in the control group and 0% in the experimental group. Staying indoors was
33.78% for both groups in the pre-test. The switch off devices question was 21.62% from the
pre-test for both groups. Avoid touching conductors was 14.86% percent for the pre-test for
both groups. The cover shiny objects and mirrors in the house question was 30.77% from the
pre-test for the experimental group and 0% for the control group. Avoid taking shelter under a
tree was 27% for the pre-test for both groups. Avoid standing near the window was 2.7% for
the pre-test for both groups. The avoid taking a shower question was 6.76% for the pre-test for
both groups. The avoid wearing jewellery question was 5.4% for the pre-test for both groups.
The do not run during the storm question was 5.13% for the pre-test experimental group while
the control group was 0%. Putting a tyre on top of the roof was 2.7% for the pre-test for both

groups. Four learners decided not to answer the question in the pre-test for both groups.

Staying indoors for the post-test for both groups was 60.81%. The switch off all devices during
the storm question for the post-test was 39.19% for both groups. Avoid wearing jewellery or
good conductors of electricity in the post-test was 2.7% for both groups. Unplug appliances for
post-test was 10.81% for both groups. Cover mirrors and shiny objects for post-test was
47.30%. Avoid taking shelter under a tree for post-test was 10.81% for both groups. Avoid
touching conductive materials for post-test was 7.6% for the experimental group and 0% for
the control group. Avoid standing near the window for post-test was 16.22% for both groups.
Do not run, for the post-test was 66.67% from the experimental group and 0% for the control
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group. Avoid taking a shower for post-test was 25.64% for the experimental group and 0% for
the control group. Put a tyre on top of a house was 5.7% for the control group and 0% for the
experimental group. Monitor weather was 7.69% for the experimental group and 0% for the
control group. Six learners about 8.11% decided not to answer the question for the post-test for
two groups. This shows that learners have Indigenous knowledge that they can bring to school

science in collaboration with cognitive knowledge.
Some learners responded to the questions as follows:

Learner C 20: You must monitor weather forecasts, and stay informed about weather conditions or

warnings. During the storm stay indoors or seek a hard-topped vehicle.

Learner C18: When lightning is happening, do not wear shiny clothes that will attract
lightning, cover all the things. Do not speak, do not stay under the window. That’s how I protect

myself from lightning.
Learner C 13: By avoiding near tall structures such as trees and avoiding reflective surfaces such as mirrors.

Learner C 35: By staying away from metallic substances or shiny things. Put a car tyre on top of the

house. Do not eat during lightning or stand under tall trees.

Learner E 16: | can prevent myself by seeking shelter, avoiding open spaces, and staying away from

conductive areas like fences and bicycles.

Learner E 18: | can protect myself from lightning by staying at home and not eating while lightning is

happening and also switching off my phones.

Learner E 34: Cover your mirrors or anything that might be reflective. Put a tyre on top of a house

or call twins so that they can beat the drum.
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Table 4.4: Points showing dominant and equipollent values in the pre-test and post-test.

Category Pre-test Post-test
Dominant « Avoid sheltering against tall objects. « Stay indoors during the
« Lightning can cause a fire. storm.
« Lightning damages houses and « Do not run during the
. storm.
roperties. . :
Prop * Lightning can cause a
» Lightning can kill and cause damages. fire.
* Lightning damages
houses and properties.
* Lightning can kill and cause
damages.
Equipollent O Put a car tyre on top of the roof. Avoid taking shelter
under a tree.
Indigenous knowledge should co-
exist with  school science
according to the learner
interviews.
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4.8 Pre-test and post-test analysis by gender, control, and experimental groups.

Table 4.5: Pre-test and post-test analysis by gender.

Gender | Variable Number | % Mean |SD | Pre &/ Total
of posttest mean
learners mean
Male E Pre-test 14 3590 | 1264 |217 |E= 1484 E =15.17
C Pre-test 12 3429 | 116 2.8
E  Post-test 14 359 [16.85 |271 [C=1303 |C=1469
C Post-test 12 3429 1445 |21
Female E Pre-test 25 64.10 | 14.11 | 3.3 E =15.50
C Pre-test 23 65.71 | 16.30 | 3.7
E  Post-test 25 64.10 | 16.88 |4.27 |C=16.34
C Post-test 23 65.71 | 16.38 | 2.6

The two groups, control and experimental consisted of 74 learners. The males were 26 which
makes 35.13% and females were 48 which makes 64.87%. Both schools use isiXhosa as the
home language and English, as the first additional language (FAL) which is used as the medium
of instruction. The experimental group was a bit bigger than the control group. The mean of
the males for the experimental group in the pre-test was 12.64 while the mean of the females
in the pre-test was 14.11. The mean of the males in the post-test for the experimental group
was 16.85 while the mean of the females in the post-test was 16.88. This shows that the mean
of the males had increased by 4.21. The increase happened after the learners had been exposed
to DAIM which clearly showed the positive impact of the DAIM intervention. The standard
deviation of the males increased from 2.17 for the pre-test to 2.71 in the post-test. The standard

deviation of the females increased from 3.3 for the pre-test to 4.27 for the post-test.

The mean of the males in the control group was 11.6 for the pre-test while the mean of the
females was 16.8 for the post-test. It showed an increase of 1.93. The control group was not
exposed to DAIM, they relied on the Indigenous knowledge and the knowledge that they
acquired from their subject teacher. The mean of the females for the control group in the pretest
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was 16.30 while the mean of the females in the post-test was 16.38. This shows that the mean
increased by 0.08. The mean for the males in the pre-test for the experimental group was 14.30
while the mean for the females was 15.30. This shows that the females had the upper hand over
the males. The mean of the males in the post-test for the experimental group was 16.85 while
the mean of the females was 16.88. It indicates the difference of 0.03, giving again the upper
hand to females. The mean of the males for the control group in the pre-test was 11.6 while the
mean of the females for the control group was 14.45. The females had a bigger mean and that
highlighted that even in the control group females performed better than males in the pre-test.
The mean of the males in the post-test for the control group was 14.45 while the mean of the
females in the post-test was 16.38. Again, the mean of the post-test showed that the females
performed better than the males in the post-test. The overall performance of the experimental
group is shown by the mean of 15.17 and the overall performance of the control group is shown
by the mean of 14.69 as illustrated in Table 4.5. The experimental group performed better than
the control group because the experimental group was exposed to DAIM and the control group

was not exposed to DAIM only depending on the information given by their subject teacher.
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4.9 Dangers caused by lightning, pre-test and post-test control group and
experimental group.

Table 4.6: Dangers caused by lightning.

Category Variable Number agreed | Percentage
Lightning kills and | C Pre-test 22 62.86
injures  people  and | g prg et 22 56.41
animals.

C Post-test 24 68.57

E Post-test 29 74.36
Lightning can C Pre-test 20 57.14
damage houses and E Pre-test 20 51.28
properties. C Post-test 18 51.43

E  Posttest 33 84.62
Lightning can paralyse C Pre-test 0 0
a person. E Pre-test 0 0

C Post-test 6 17.14

E Post-test 26 66. 67
Lightning can make a C Pre-test 0 0
person deaf. E Pre-test 0 0

C Post-test 0 0

E Post-test 29 74.36
Lightning can causea | C Pre-test 22 62.86
fire. E  Pretest 17 43.59

C Post-test 12 34.29

E Post-test 32 82.05
Learners decided not to, C Pre-test 4 11.43
answer the question. E Pre-test 1 2.56

C Post-test 0 0

E Post-test 3 7.69
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Table 4.6 above shows how the learners responded to Question 7 of the questionnaire. The
question was as follows: What are the dangers caused by lightning? This table gives the
responses given by the control group and the experimental group in both the pre-test and the
post-test. In Table 4.6. Twenty-two learners (62.8%) of the learners from the control group
mentioned that lightning can kill and injure people and animals in the pre-test. Twenty-two
learners (56.41%) from the experimental group highlighted that lightning can kill and injure
people and animals in the pre-test. After the experimental group had undergone DAIM
intervention, learners increased from 56.41% in the pre-test to 74.3% in the post-test mentioned
that lightning can kill and cause injuries to people and animals. A total of 62.86% of the learners
from the control group in the pre-test mentioned that lightning can kill and can cause injuries
to people and animals increased to 68.57% in the post-test. Twenty learners from the control
group about 57.14% mentioned that lightning can damage houses and properties. The control
group had a decrease from 57.14% in the pre-test to 51.43% in the post-test mentioned that
lightning can damage houses and properties. A total of 51.28% of the learners from the
experimental group in the pre-test mentioned that lightning can damage houses and properties.
That percentage increased to 84.62% in the post-test mentioned that lightning can damage
houses and properties. Zero percent of learners from the control group in the pre-test mentioned
that lightning can paralyse a person but 17.14% of learners in the post-test mentioned that
lightning can paralyse a person. Similar to the control group, the experimental group in the pre-
test, 0% mentioned that lightning can paralyse a person but in the post-test 66.67 of the learners
mentioned that lightning can paralyse a person. You must remember that the experimental

group went through the DAIM intervention.

Zero percent of the learners from the control group in the pre-test mentioned that lightning can
make a person deaf but that number remained the same in the post-test. Similarly, 0% of the
experimental group in the post-test mentioned that lightning can make a person deaf. The
number increased to 74.36% in the post-test for the experimental group. A total of 62.86% in
the pre-test from the control group stated that lightning can cause fire. That number decreased
from 62.86% to 34.29% in the post-test for the control group. A total of 43.59% of the learners
from the experimental group mentioned that lightning can cause a fire in the post-test. That
percentage increased to 82.05% in the post-test from the experimental group. A total of 11.43%
of the learners from the control group in the pre-test decided not to answer the question. A total
of 2.56% of the experimental group in the post-test decided not to answer the question. A total

of 7.69% of the learners from the experimental group in the post-test decided not to answer the
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question. The control group participants gave the following responses during their preliminary

testing:
Learner C 10: Lightning can cause fire, electricity problems and also damages people’s houses.
Learner C 22: Lightning can cause property damage, agricultural damage, and psychological trauma.

Learner C 03: lightning causes electrocution fires, property damage, injuries, burns, and disruption of

electrical systems, making a significant threat to human life.

The following were the responses to the pre-test of the experimental group.

Learner E 24: Lightning can cause fire, damage houses, paralyse a person and make a person deaf.
Learner E 32: Lightning can damage infrastructure, it can kill, and it can paralyse a person.

Learner E 25: Lightning can damage infrastructure, can cause wildfires, and can cause hearing problems.
Learners in the control group, in the post-test responded as highlighted below:

Learner C 16: Sometimes lightning destroys plants or animals. Lightning is said to be dangerous because

people believe that it affects some people’s eyesight.

Learner C 19: If lightning blasts at you, you will die, that is a belief of people living in the
Eastern Cape but Western Cape lightning has never blasted someone, so in the Eastern Cape

there are some people who were blasted by lightning and it can cause other houses to burn.
Learner C 24: The cause of lightning can end up burning houses and killing people.
The responses below were the responses mentioned by learners from the experimental group in the posttest.

Learner E 02 Lightning causes fires, damages houses, can kill, can paralyse, and can make a

person deaf.

Learner E 10: Lightning can cause fire, damage people’s houses, and can kill people and

animals.

Most learners provided responses that were similar to those of their peers.
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4.10 Gender and age analysis of both groups

Male participants that were within the interval 13-14 years of age were 3.77%. The male
participants that were within the interval 15-16 years of age were 32.08% of the participants.
The male participants that were within the range of 17-18 years of age were 1.89%. The
proportion of female participants in the 13-14 age range was 7.55%. The female participants
that were within the range of 15-16 years of age were 50.95%. The female participants that
were within the range of 17-18 years of age were 5.66%. The total male participation was 11
from the experimental group and 12 from the control group. This makes a total of 25 males
(33.72%) male participation. The female participants were 28 learners from the experimental
group and 23 learners from the control group. This indicates that the female participation was
51 learners (68.92%).

4.11 The evaluation form

The control group and the experimental group both filled in the evaluation form. The following
questions were asked in the evaluation form as illustrated in Appendix K. In Question 1, all the
learners showed that they were feeling very happy about writing a test about lightning, they
had a feeling that they had been exposed to much information they did not know about
lightning. Some of the responses to Question 1 of the evaluation form for both groups were as

follows:

Learner E 02: | am feeling good because concepts of lightning | did not have enough

information about them.
Learner E 03: | feel good and more interested in the concept of lightning.
Learner E 09: | learnt the way of how | can prevent myself from lightning.

Learner C 20: | feel excited and nervous at the same time.

Learner C 28 I felt better understanding about lightning traditionally and scientifically.

In Question 2 of the evaluation form, learners mentioned that they had a better understanding
of lightning after they had learnt about lightning. Here are some of the responses to Question
2:

Learner E 04: Yes, because the knowledge I had about lightning was mythical, so now | know

real the causes of lightning.
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Learner E 05: | finally understood lightning, its causes, dangers, prevention, and how it is

formed.

Learner C15: Yes, because |1 now understand the causes of lightning and how it is formed as

well.
Learner C 27: Yes, because some of the things I believed were not true, they were just myths.

In question 5, the learners were asked: Which part of the lesson was more interesting to them?
Learners came up with different responses, mentioning things like the causes of lightning,
dangers caused by lightning, protection from lightning, the formation of lightning, and natural
or supernatural causes of lightning. A total of 10.25% of learners decided not to answer the
question. A total of 38.46% liked the part about how lightning is formed. About 17.95% liked
the part where it was asked whether the lightning is caused by natural or supernatural causes.
About 10.26% stated everything that was said about the concept of lightning. A total of 17.95%
of the learners liked the protection part more than the others. A proportion of 7.69% of the
learners liked the causes of lightning more than anything else. A total 5.13% of the learners did

not answer the question.

In Question 7 learners were asked the following: Was it a waste of time or beneficial to discuss
lightning in class? Explain. Notably, 100% of the learners agreed that it was not a waste of time

(beneficial) to discuss lightning in the class. Some of the responses were stated, for example:
Learner C 23: It was beneficial because we know how to protect ourselves.

Learner C 26: It is beneficial because today | can protect myself from lightning.
Learner C 32 It was beneficial, most people do not know about science and natural things, so

we did get a chance to talk about things we see.

Learner C 27: It was beneficial because we learnt new things and learnt how to protect

ourselves from lightning.

Learner E 02: It was beneficial to discuss lightning because we learnt the cautions of judging

the weather outside and being aware that the storm is now coming.

Learner E 06: | was beneficial because people had to experience new things and some different

options.

Learner E 08: It was beneficial because we have learned how to protect ourselves from

lightning. We also know the damages it can cause.
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Learner E 17: It was beneficial because now | know what lightning is caused by also | know

how I can protect myself from lightning.

4.12 The learner interviews

The interviews were conducted by the experimental group only. The interviews were conducted
after the DAIM intervention had taken place. Because of the time constraints interviews were
done with four learners. The reason why it was four learners was that the other learners in the
class who were not interviewed were causing chaos in the class. The subject teacher of the
learners happened had left the classroom and therefore the other learners that were not being
interviewed were disturbing the process of interviews by causing chaos in the classroom. Seven

questions were asked of each participant. The aim of the interviews was to:

1. Assist the researcher in finding out whether there had been any significant difference
in Grade 10 learners' view of lightning before and after the DAIM intervention.

2. Explore the impact of the DAIM in teaching and learning of electrostatics in Grade 10,
and

3. Investigate the role of language if it had an influence on learners ' understanding of the

concept of ‘lightning’.

4.12.1 Did you see a lightning bolt before? If yes, in which province(s) did
you see it? (Wawukhe wawubona umbane ngaphambili, ukuba kunjalo

kweliphi okanye kwawaphi amaphondo?)

All the learners who were interviewed agreed that they had seen the lightning bolt before and
all of them did see it in the Eastern Cape. The learners were too shy to come to the fore for
interviews but suddenly four learners availed themselves to be interviewed. As mentioned
previously, the learners were rowdy during interviews because their teacher was not in class,
as a result, the interviews received a bit of disturbance. The researcher asked for the volunteers
to be interviewed. The majority of the learners who volunteered to be interviewed were females.

It was 75% of the females and 25% of males who admitted to be interviewed.

The females showed dominance as always compared to the boys like the enrolment in the class

for both the control and the experimental groups.
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4.12.2 Before you received a lesson about lightning, what was your
understanding of lightning? (Phambi kokuba ufumane isifundo ngombane,
ubusazi ntoni ngombane?)

Learners clarified that they knew that lightning can kill, and is caused by the witches when they
are fighting or want to kill somebody because they are jealous, caused by ancestors, and caused
by God. There were multiple views about what causes lightning. They knew that lightning was
caused by heavy rain and many clouds over the sky. One learner said that lightning is caused
by ancestors when they are welcoming the king/queen when he/she is born. One of the learners
mentioned that lightning is caused by traditional healers when there is a war or a battle so that
the soldiers of the other side can be struck by the lightning or can be confused about what to

do so that they can fall in the trap of the other side.

4.12.3 After you have received a lesson about lightning, do you now
understand lightning better? (Emva kokuba ufumene isifundo ngombane,
ngoku uwazi njani umbane?)

Learners all agreed that after they have received a lesson about lightning, they now understand
lightning better. They said they did not know that lightning is caused by the attraction of
electrons from the clouds and the protons from the ground but now they know that. They said
that they did not know that the friction and the collisions between water droplets and air
molecules can charge the cloud. They said that they were not aware that the electrons are
collected at the bottom of the cloud and the protons are collected at the top of the cloud. Their
minds were emancipated that the negative electrons at the bottom of the cloud will attract the
positive protons on the ground and where they meet, they will cause a spark and that spark is

called lightning.
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4.12.4 Do you think that lightning is the same as electricity? Explain.
(Ucinaga ukuba umbane wezulu mnye nombane lo kuphekwa, kukhanyiswe
ngawo? Chaza).

One learner had the feeling that electricity is the same as lightning. The reason why he thought
they are the same is because he said that lightning and electricity have both voltage and they
have both protons and electrons that attract each other. Another learner said that he thinks that
electricity and lightning are the same because lightning can cause fire and electricity can cause
fire as well. One learner said that lightning is not the same as electricity because lightning is
caused by the attraction of negative electrons and positive protons while electricity is manmade
and generated by power stations through coal. He further said that lightning has got high voltage

and has a short duration.

4.12.5 Did the discussion in class, assist you in better understanding the
concept of lightning? (Ingaba ukuxoxa eklasini kukuncedile ukuba uwazi
bhetele umbane?)

All the learners who were interviewed said with one voice that the discussion in class about
lightning was of great assistance to them because they gained more information from the
discussion in class. One learner said it helped because she did not know how lightning is formed
and what is it that can be done to protect herself from lightning. She further said that the
information that she had been given by the elders at home about the protection against lightning
was not enough but the supplementary information that she received from school empowered
her more to stand the conditions of storms and lightning when she goes to the Eastern Cape.
One learner said that it helped much because it cautioned him about the steps he must take

when he sees that the storm is coming.

4.12.6 Do you think that using both English and home language (isiXhosa)
assisted you in better understanding lightning when you were writing the
test? (Ucinga ukuba ukusebenzisa zombini isiNgesi kunye nesiXhosa
kukuncedile ukuba uwazi ngcono umbane xa ububhala itest?)

All the learners that were interviewed agreed that using both English and isiXhosa made the
situation of teaching and learning of lightning easy to understand. Many things were unknown

to me about the lightning, for example, | was not aware that it is dangerous to ride a horse or a
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bicycle when there is a storm, said one learner. One learner said that it helped because isiXhosa
is my home language, I understand things better when they are addressed using isiXhosa. Using
English as the first additional language, | do understand things but along the line I miss some
other information. One learner did not understand the question when it was asked using
English. As a result, the learner requested that the question be asked using isiXhosa. The
researcher complied with the request and the learner was able to respond to the question and
he was responding using isiXhosa. The learner was confused by the concept, ‘supernatural’.
The learner stated that he then knew that lightning is caused by both natural and supernatural

causes.

4.12.7 Do you think that Indigenous knowledge about lightning should be
included in the school curriculum? (Ucinga ukuba ulwazi lwemveli malunga
nombane lufundwe esikolweni?)

Two learners had the opinion that Indigenous knowledge about lightning should not be included
in the school curriculum while the other two learners that were interviewed had a feeling that
Indigenous knowledge should be included in the school curriculum. The learners who were
interviewed had mixed feelings about the inclusion of Indigenous knowledge into the school
curriculum. The reasons why they said that it must not be included in the school science was
that both of them thought that IK should not be included in school science because it is the
view of different people from different communities (as different communities do not have
something in common in terms of understanding lightning) but in school science they have a
common understanding of the formation, protection, causes and dangers caused by lightning.
The two learners who said yes, IK should be included in the school science because some
people do not know about the formation, the causes, the danger posed by lightning, and the
protection against lightning. One learner mentioned that the people who are in adult education
can benefit from being emancipated from lightning yet the adult people are the ones who are

in command in the communities.

4.12.8 Summary of research question (RQ) 1

After the learners had been given DAIM intervention, there was a shift of conception from the
Indigenous point of view to the scientific point of view of the concept of lightning that was
observable (see Table 4.2). The majority of the learners were able to define lightning

scientifically correctly especially after the DAIM intervention.

77



4.13 Research question (RQ) 2: What role does the Dialogical
Argumentation Instructional Model play in teaching and learning
electrostatics, particularly lightning?

This question aimed to find out if DAIM had a significant change in learners’ conception of
lightning and understanding within the experimental group that had undergone the DAIM
intervention and the control group that did not undergo the DAIM intervention. The null
hypothesis was based on the fact that there would be no significant difference in the learners’
understanding of the concept of lightning in control and experimental groups. The alternative
hypothesis was that the experimental group would perform better than the control group in the
conception and misconception of lightning. The conceptions and misconceptions were taught

in class during the DAIM intervention on the topic of lightning.

Table 4.7: Showing the pre-test and the post-test of the conception and misconception of
lightning.

Classification Variable Agree % Disagree %
Mirrors attract lightning. E Pre-test 33 84.62 6 15.38
C Pre-test 329 91,43 3 8.57
E Post-test 29 23.08 30 76.92
C Post-test 82.866 6 17.14
Thunder comes first then lightning. | E  Pre-test 23 58.97 16 41.3
C Pre-test 24 68.54 11 31.43
E Post-test 14 35..90 25 64.10
C Post-test 22 62.86 13 37.14
Lightning is attracted by metals orf E  Pre-test 32 82.05 17.95
good conductors of electricity. C  Pre-test 33 94.29 2 5.71
E Post-test 10 25.64 29 74.36
C Post-test 28 80 7 20
Wearing jewellery or shoes with| E  Pre-test 25 64.10 14 5 35.90
metal heels will attract lightning. C  Pre-test 30 85.71 20 14.29
E Post-test 19 48.72 6 51.28
C Post-test 29 82.86 17.14
Lightning occurs even if the sky E Pre-test 10 25.64 29 74.36
looks clear and shiny. C Pre-test 17 48.57 18 51.43
E Post-test 29 74.36 10 25.64
C Post-test 16 45.71 19 54.29
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It is possible that lightning can| E  Pre-test 22 56.41 17 43.59
repeat striking the same place ithas| ¢ pre-test 20 57.14 14 42.86
trick fore.
stricken before E Posttest |30 7692 |16 23.08
C Post-test 19 54.29 45.71
It is safe to stand under a tall tree E Pre-test 17.95 32 82.05
during the storm. C Pre-test 571 33 94.29
E Post-test 14 35.90 25 64.10
C Post-test 5 14.29 30 85.71
A tyre of a car on top of the hut can| E  Pre-test 24 61.54 15 38.46
protect lightning from entering ahut| ¢ pre-test 18 51.43 17 48.57
E Post-test 16 41.03 23 58.97
C Post-test 19 54.29 16 45.71

In the case of mirrors attracting lightning, it is a misconception. In the pre-test for the
experimental group and control group where the DAIM intervention had been applied to the
experimental group only, 48.62% of the learners from the experimental group agreed that
mirrors attract lightning. In the control group, in the pre-test 91.42% agreed that mirrors attract
lightning. A proportion of 15.38% of learners from the experimental group disagreed that
mirrors attract lightning while 8.57% of learners from the control group disagreed that mirrors
attract lightning. After the DAIM had been applied in the experimental group, 76.92% of the
learners from the experimental group disagreed that mirrors attract lightning. In the control
group, 17.14% of the learners disagreed that mirrors attract lightning. After the DAIM
intervention, 23.08% of the learners from the control group agreed that mirrors attract lightning.

In the post-test, from the control group, 82.86% of the learners agreed to the phrase.

Looking at thunder comes first then lightning to the ground, 41.3% of the learners from the
experimental group in the pre-test disagreed with the misconception and 31.43% of the learners
from the control group in the pre-test disagreed that mirrors attract lightning. A total of 58.97%
of the learners from the experimental group in the pre-test agreed that thunder comes first then
lightning to the ground. A proportion of 68.57% of the learners from the control group in the
pre-test agreed that the thunder comes first then lighting to the ground. A proportion of 64.10%
of the learners from the experimental group in the post-test disagreed that thunder comes first

then lightning to the ground. In the control group where DAIM had not been applied, 37.14%
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of the learners in the post-test disagreed that thunder comes first to the ground. A proportion of
35.90% of the learners from the experimental group in the post-test agreed that thunder comes
first then lightning to the ground while 62.86% of the learners from the control group in the

post-test agreed that thunder comes first then lightning to the ground.

Looking at whether lightning is attracted by metals or good conductors of electricity, 17.95%
of the learners from the experimental group in the post-test disagreed with the phrase. A
proportion of 5.71% of the learners from the control group in the pre-test disagreed that
lightning is attracted by metals or good conductors of electricity. Notably, 82.05% of the
learners from the experimental group in the pre-test agreed that lightning is attracted by metals
or good conductors of electricity. A proportion of 94.29% of the learners from the control group
in the pre-test agreed that lightning is attracted by metals or good conductors of electricity. A
proportion of 74.36% of the learners from the experimental group in the post-test disagreed
that lighting is attracted by metal or good conductors of electricity. A proportion of 20% of the
learners from the control group disagreed that lightning is attracted by metals or good
conductors of electricity. A proportion of 25.64% of the learners from the experimental group
in the post-test agreed that lightning is attracted by metals or good conductors of electricity. A
proportion of 80% of the learners from the control group in the post-test agreed that lightning

is attracted by metals or good conductors of electricity.

Focusing on wearing jewellery or shoes with metal heels will attract lightning. A proportion of
35.90% of the learners from the experimental group in the pre-test disagreed that wearing
jewellery or shoes with metal heels will attract lightning while 14.29% of the learners from the
control group in the pre-test disagreed. A proportion of 64.10% of the learners from the
experimental group in the pre-test agreed that wearing jewellery or shoes with metal heels will
attract lightning. A proportion of 85.71% of the learners from the control group in the pre-test
agreed that wearing jewellery or shoes with metal heels will attract lightning. A proportion of
51.28% of the learners from the experimental group in the post-test disagreed that wearing
jewellery or shoes with metal heels will attract lightning. A proportion of 17.14% of the learners
from the control group in the post-test disagreed that wearing jewellery or shoes with metal
heels will attract lightning. A total of 48.72% of the learners from the experimental group in
the post-test agreed that wearing jewellery or shoes with metal heels will attract lightning. A
proportion of 82.86 percent of the learners from the control group in the post-test agreed that

wearing jewellery or shoes with metal heels will attract lightning.
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Concentrating on lightning occurs even if the sky looks clear and shiny. A proportion of 25.64%
of the learners from the experimental group in the pre-test agreed that lightning occurs even if

the sky looks clear and shiny.

A proportion of 48.57% of the learners from the control group in the pre-test agreed that
lightning occurs even if the sky looks clear and shiny. A proportion of 74.36% of the learners
from the experimental group in the pre-test disagreed that lightning occurs even if the sky looks
clear and shiny. A proportion of 51.43% of the participants from the control group in the pretest
disagreed that lightning occurs even if the sky looks clear and shiny. A proportion of 25.64%
of the learners from the experimental group in the post-test disagreed that lightning occurs even
if the sky looks clear and shiny. A proportion of 54.29% percent of the learners from the control
group in the post-test disagreed that lightning occurs even if the sky looks clear and shiny.
Notably, 74.36% of the participants from the experimental group agreed that lightning occurs
even if the sky looks clear and shiny. A total of 45.71% of the learners from the control group

in the post-test agreed that lightning occurs even if the sky looks clear and shiny.

A proportion of 43.59% of the learners from the experimental group in the pre-test disagreed
that it is possible that lightning can repeat striking the same place it had stricken before. A total
of 42.86% of the learners from the control group in the pre-test disagreed that lightning can
repeat striking the same place it had stricken before. A proportion of 56.41% of the learners
from the experimental group in the pre-test agreed that it is possible that lightning can repeat
striking the same place it had stricken before. A proportion of 57.14% of the learners from the
control group in the pre-test agreed that it is possible that lightning can repeat striking the same
place it had stricken before. A proportion of 23.08% of the learners from the experimental
group in the post-test disagreed that it is possible that lightning can repeat striking the same
place it had stricken before. A total of 45.71% of the learners from the control group in the
post-test disagreed that it is possible that lightning can repeat striking the same place it had
stricken before. Notably, 76.92% of the learners from the experimental group in the post-test
agreed that it is possible that lightning can repeat striking the same place it had stricken before.
A proportion of 54.29% of the learners from the control group in the post-test agreed that it is

possible that lightning can repeat striking the same place it had stricken before.

Paying attention to the question of whether or not it is safe to stand under a tall tree during the
storm, a proportion of 82.05% of the participants from the experimental group in the pre-test

disagreed. A proportion of 94.29% of the learners from the control group in the pre-test
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disagreed that it is safe to stand under a tall tree during the storm. A total of 17.95% of the
learners from the experimental group in the pre-test agreed that it is safe to stand under a tall
tree during the storm. A proportion of 5.71% of the learners from the control group in the pre-
test agreed that it is safe to stand under a tall tree during the storm. A proportion of 64.10% of
the learners from the experimental group in the post-test disagreed that it was safe to stand
under a tall tree during the storm. Notably, 85.71% of the learners from the control group in

the post-test disagreed that it is safe to stand under a tall tree during the storm. A proportion of

35.90% of the learners from the experimental group in the post-test agreed that it is safe to
stand under a tall tree during the storm. A total of 14.29% of the learners from the control group

in the post-test agreed that it is safe to stand under a tall tree during the storm.

Focusing on a tyre of a car on top of a hut can protect lightning from entering a hut. 36.46% of
the learners from the experimental group in the pre-test disagreed that a tyre of a car on top of
a hut can protect lightning from entering a hut. A proportion of 48.57% of the learners from
the control group in the pre-test disagreed that a tyre of a car on top of a hut can protect the
light from entering a hut. 61.54% of the learners from the experimental group in the pre-test
agreed that a tyre of a car on top of a hut can protect lightning from entering a hut. Notably,
51.43% of the learners from the control group in the pre-test agreed that a tyre of a car on top
of a hut can protect lightning from entering a hut. A proportion of 41.03% of the learners from
the experimental group in the post-test agreed a tyre of a car on top of a hut can protect lightning
from entering a hut. A total of 54.29% of the learners from the control group in the post-test
agreed that a tyre of a car on top of a hut can protect lightning from entering a hut. A proportion
of 58.97% of the learners from the experimental group in the post-test disagreed that a tyre of
a car on top of a hut can protect lightning from entering a hut. A total of 45.71% of the
participants from the control group in the post-test disagreed that a tyre of a car on top of a hut

can protect lightning from entering a hut.
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Table 4.8: Showing misconception of lightning in terms of percentage before and after the
DAIM intervention for the experimental group.

Myth Disagree % before DAIM | Disagree % after DAIM
Mirrors attract lightning. 15.38 76.92

Thunder comes first then lightning to the ground. 41.03 64.10

Lightning is attracted by metals or good conductors of | 17.95 74.36

electricity.

Wearing jewellery or shoes with metal heels will 35.90 51.28

attract lightning.

It is safe to stand under a tall tree during the storm. 82.05 64.10

In Table 4.8, 15.38% of the learners from the experimental group disagreed with the myth that
mirrors attract lightning before the DAIM intervention but the percentage increased to 76.92
after the DAIM intervention. A proportion of 41.03% of the learners from the experimental
group disagreed with the myth that thunder comes first than lightning before the DAIM
intervention but that percentage increased to 64.10 after the DAIM intervention. A total of
17.95% of the learners from the experimental group disagreed with the myth that lightning is
attracted by metals or good conductors of electricity but the percentage increased to 74.36 after
the DAIM intervention. A proportion of 35.90% of the learners from the experimental group
disagreed with the myth that wearing jewellery or shoes with metal heels will attract lightning
before the DAIM intervention and the percentage increased to 51.28 after the DAIM
intervention. Notably, 82.05% of the learners from the experimental group disagreed with the
myth that it is safe to stand under a tall tree during the storm, and the percentage reduced to
64.10 after the DAIM intervention. The statement tells us that the prior (indigenous) knowledge
that the learners came up with from home needed to be respected at school because it was of

assistance to their (learners) safety about lightning.
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4.13.1 Summary of the research question (RQ) 2: What role does the
Dialogical Argumentation Instructional Model (DAIM) play in teaching and
learning electrostatics in Grade 10?

The null hypothesis was based on the fact that there would be no significant difference in
learners’ understanding of the concept of ‘lightning’ between the control group and the
experimental group. The alternative hypothesis was that the experimental group would perform
better than the control group. Table 4.6 shows the values displayed by both groups, the control
and the experimental groups in the pre-test and post-test about the conception of lightning and
associated misconceptions. The group that had DAIM intervention showed better
understanding through percentages soon after the DAIM had been implemented. Table 4.7

shows the positive impact of the DAIM intervention in the experimental group.

4.13.2 Research question (RQ) 3: Does language have an influence on
learners’ understanding of the concept of electrostatics, particularly
lightning?

As mentioned earlier in the study, learners enter the classroom with the prior knowledge or
Indigenous knowledge that they learnt from their elders through the home language and have
experiences with many things that they learnt through social interaction, for example, lightning
and the storm. They come to school confused by the new worldview of knowledge (Science).
A questionnaire was given to Physical Science learners who were doing Grade 10 in two
different schools. The questionnaire was written in English, the medium of instruction. Since
English is the first additional language for all the learners, the questions in the questionnaire
were written in English and interpreted to isiXhosa, their home language. Learners were
allowed to respond to the questions even using isiXhosa if they wanted to. As a researcher, |
chose to permit learners to respond in isiXhosa if they wished in order to prevent scenarios
where students might have thoughts or answers but struggle to articulate them in English,
leading them to remain silent rather than participate. The other alternative thing the learners
did was to leave the questions blank. The following learners responded using their home

language in Question 3: What causes lightning? (Yintoni ebangela umbane?)

Learner E14: Umbane, ngumbane onobungozi. Ngamanye amaxesha udalwa ngabantu.

(Lightning is dangerous. Sometimes lightning is caused by people.)
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Learner E 31: The question was as follows: Is lightning caused by natural or supernatural
causes or both? Explain. The response was as follows: Ingaba umbane wenziwa yindalo okanye
yimimoya engendawo okanye zombini? Chaza: Yindalo kuba akukho mntu unokulawula
umbane.) (Nature because no one can control lightning.) Learner C 03: The question was as
follows: What your parents (grandparents) said lightning is caused by. The response was as
follows: Ingaba abazali okanye ootatomkhulu noomakhulu bathini malunga nombane ukuba
wenziwa yintoni?: Abantu abadala bandixelela ukuba ndilumkele iindudumo nombane kuba
uyabulala. Enye into amaqgwirha asebenzisa umbane ukubulala umntu afuna ukumbulala.)
(This means that the elderly people told me that I must be aware of lightning and thunder
because they kill. Another thing is the witches who use lightning to kill whoever they want to
kill.)

Learner C 22: The question was as follows: How can you prevent yourself from lightning?
The response was as follows: Ungazikhusela njani embaneni? Dlalela kude kwizinto
ezihambisa umbane ngexesha lendudumo, zikhusele kwinto zokubamba izinto ezinje ngocingo,
ukudlala igalufa kududuma, nokukwela ibhayisekile. (This means that avoid touching the
conducting wires, avoid touching fences and avoid playing golf, avoid cycling during the

storm).

4.14 Summary

Conception of lightning

In Table 4.1, the experimental group showed that 87.18 agreed with the myth that mirrors attract
lightning but after the DAIM intervention learners had an improvement of 84.62% shown in
Table 4.2. The control group that had not received the DAIM intervention showed improvement
from 100% agreeing to the myth in the pre-test in Table 4.1 to 91% agreeing to the myth in
Table 4.2 in the post-test. The experimental group showed 61.54% agreeing to the myth that
thunder comes first before lightning to the ground in the pre-test and improved in the post-test
(see Table 4.2) to 58.97%. A total of 87.18% of the experimental group in the pre-test in Table
4.1 agreed with the myth that lightning is attracted by metals or good conductors of electricity
and improved after the DAIM intervention to 48.72% in the post-test. A proportion of 69.23%
of the learners from the experimental group in the pre-test (see Table 4.1) agreed with the myth
that wearing jewellery or shoes with metal heels will attract lightning and in the post-test, the
percentage reduced to 64.10%. A proportion of 25.64% of the learners from the experimental
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group in the pre-test in Table 4.1 agreed to the fact that lightning occurs even if the sky looks
clear and shiny and that percentage improved in the post-test shown in Table 4.2 to 71.79%. A
total of 48.72% of the learners from the experimental group in the post-test agreed to the fact
that it is possible that lightning can repeat striking the same place it had stricken before but
showed in Table 4.1 percentage improvement after the DAIM intervention to 7.92% (see Table
4.2).

Causes of lightning

Approximately 80% of the total participants believed that lightning is caused by one of the
following: electrical charges, cloud formation, or heavy rain. This 80% of the learners indicated

that learners had a strong belief that lightning is a natural phenomenon.
Protection against lightning

The responses from the control and the experimental groups were around the points: you stay
indoors or take shelter during the storm, you must switch off all the devices, unplug

appliances, take off jewellery, cover shining objects, do not take shelter under the tree or near
tall objects, avoid open spaces or hills and mountains, cover mirrors, do not touch conductive

materials, do not stand near the window, do not run and do not take a shower.

Dangers caused by lightning

Table 4.5 showed the learners’ response according to the danger posed by lightning. A
proportion of 62.86% of the learners from the control group stated that lightning can kill and
injure people and animals in the pre-test. A total of 56.41% of the learners from the
experimental group in the pre-test mentioned that lightning can kill and injure people and
animals while 74.36% of the learners in the post-test from the same group said lightning can
kill and injure people and animals. A proportion of 57.14% of the learners from the control
group in the pre-test stated that lightning can damage houses and properties. A total of 62.86%
of the learners from the control group in the pre-test stated that lightning can cause fire while

the percentage decreased to 34.29 in the post-test.
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Chapter 5: Conclusions, Implications, and Recommendations

5.1 Introduction

In this concluding chapter, there is an introspection of the findings of the study, the loopholes
the researcher experienced when the study was conducted, and some experiences incurred
during the study. Furthermore, conceptual change was analysed, and the effects of the DAIM
were also analysed. The roles played by language and COVID-19 were also taken into
consideration. Another aspect that is examined are the implications for those who develop
curricula in South Africa, especially in the Western Cape, and how indigenous knowledge
should be integrated.

There is also consideration of the impact on educators who teach science through English when
it serves as their students' second language and instructional medium.

The chapter wraps up with suggested recommendations and final observations.

5.2 Summary of the findings

The study aimed to use the Dialogical Argumentation Instructional Model for teaching and
learning electrostatics as the contributory instruments for a better understanding of the concept
of ‘lightning’. The participants were coming from two participating schools, one called the
experimental group and the other called the control group, both in Langa Township in Cape
Town. The study needed only Physical Sciences learners and Physical Sciences educators based
in participating schools. The questionnaire for the pre-test and the post-test had the same
content. The experimental group received the instrument called the Dialogical Argumentation

Instructional Model as a tool for treatment.

The questionnaire accommodated both the need for learners to express themselves in a cultural
view and worldview about lighting. The study was conducted to respect the indigenous
knowledge that learners came up with before they were exposed to school science. The learners
were taught by teachers who were the recipients of Bantu education. The home language of the
participants was isiXhosa. The medium of instruction was English that was the first additional

language to the learners.
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Since the medium of instruction was English, the questionnaire was written in English and the
examination papers were set using English. English was the first additional language for the
learners which was seen as a barrier to teaching and learning. Educators teaching Physical
Sciences had to use simple English for a better understanding of the content. Although the
educators were using simple English, there were some grey areas among the learners, and the

educators were compelled to use isiXhosa to explain some concepts.

Table 4.5 compared the performance of the learners by gender in the pre-test and the post-test
for both the control and experimental groups. The pre-test mean for the experimental group
was 12.64. The males from the experimental group contributed fourteen learners (35.90%) of
the participants. The standard deviation of the males from the experimental group in the pretest
was 2.17. The mean for the male learners in the experimental group in the pre-test was 12.64
while the mean for the male learners from the control group in the pre-test was 11.6. The mean
for the males from the experimental group in the post-test was 16.85 while the mean for the
male learners from the control group in the post-test was 14.45. The mean for the females from
the experimental group in the pre-test was 14.11 while the mean for the females from the
control group in the pre-test was 16.30. The mean for the females from the experimental group
in the post-test was 16.88 while the mean for the female learners from the control group in the
post-test was 16.38. The overall performance of the male learners from the experimental group
in the pre-test was 14.84 and for the control group in the pre-test was 13.03. The overall mean

performance of the experimental group was 15.17 while for the control group was 14.69.
5.3 Limitations

The findings of the study do not reflect the views of the whole community. The study targeted
a few schools due to a lot of constraints, just to mention a few, financial constraints, time limits,
budget constraints, etc. The study required only learners who were doing Physical Sciences and
the learners who were doing Grade 10 only. The study needed the teachers who were teaching
Physical Sciences only. The participating schools were only two, the experimental group and
the control group. The participating schools consisted of 74 learners in total. The experimental
group consisted of 39 and the control group consisted of 35 learners. The findings were based
on the data that were collected from the learners who were coming mostly from the Eastern

Cape, most of whom had experienced lightning strikes.

Most of their parents were single parents and were unemployed from the disadvantaged

community who lived in shacks and old community flats.
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The schools these learners came from were not well-resourced and their teachers were the
recipients of Bantu education. The learners depended on the feeding scheme that is supplied by

the Department of Basic Education for daily nutrition.

During the school vacation, they suffer much in terms of getting something to eat. These
learners did not have access to the internet and the schools did not have operational libraries.
The main sources of information for them were the teachers and textbooks supplied by the
school. The parents of the learners could not afford to buy scientific calculators for their
children. Learners were struggling to use scientific calculators because they could not practice
using the calculators. It was noticeable that in a class of approximately thirty-nine learners who
wrote a test, only seven learners had scientific calculators. Even if a learner was lended a

calculator by another learner or by a teacher, he would struggle to use the function keys.

5.4 Language

In South Africa, English is identified as a barrier to both a learner and a teacher because it is a
second or third language to them. When | was teaching electrostatics, | used English as the
medium of instruction. The papers for the exams and the textbooks are written in English. When
the learners research for themselves using the internet, they are confronted with English. When
we search for information, we search from computers that are programmed either in American
English or United Kingdom English. If you write an African word, then the computer will
underline the word to tell you that the word is wrong or the word is not in the dictionary of

America or United Kingdom.

Most of the learners ended up misinterpreting questions in the questionnaire because of English,
as the second additional language. That misinterpretation was prevented by translating the

questions to isiXhosa.

5.5 The effectiveness of DAIM

The Dialogical Argumentation Instructional Model (DAIM) was based on the experimental
group and I concentrated on any conceptual shifts in understanding of lightning. The learners
from the experimental group based their explanation of lightning on the cultural point of view.
Thirty-nine learners came from the experimental group as mentioned already in the study.
Notably, 84.62% of the experimental group scored in the pre-test believed that mirrors attract

lightning. The percentage was reduced to 23.08% in the post-test that is after the DAIM
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intervention. That showed the DAIM effectiveness of 61.54%, see Table 4.6. Some of the

responses of the learners concerning mirrors attract lightning were as follows:

A proportion of 58.97% of the learners from the experimental group in the pre-test agreed that
thunder comes first then lightning to the ground. The fact of the matter is that lightning comes
first then thunder to the ground. After the DAIM intervention, the experimental group moved
from 58.97% to 35.90% agreeing to the point. This showed that there had been an improvement
of 23.07% after the DAIM intervention. Notably, 82.05% of the learners from the experimental
group agreed with the wrong phrase that lightning is attracted by metals or good conductors of
electricity. Following the DAIM intervention (post-test), the percentage of students in the
experimental group who believed the misconception that lightning is drawn to metals or good
electrical conductors decreased from 82.05% to 25.64%. That showed the effectiveness of the
DAIM intervention by 56.41% improvement from misconception to conception. A total of
64.10% of the learners from the experimental group agreed that wearing jewels or shoes with
metal heels will attract lightning in the pre-test. The 64.10% that agreed to false news was
reduced to 48.72% in the post-test. That showed the effectiveness of DAIM intervention of
15.38% improvement from the conceptual shift. A proportion of 25.64% of the learners from
the experimental group in the pre-test agreed to the fact that lightning occurs even if the sky
looks clear and shiny. After the DAIM intervention, the 25.64% improved to 45.71%, showing

an improvement of 20.07% (effectiveness of DAIM).

A proportion of 56.41% of the learners from the experimental group in the pre-test agreed that
it is possible that lightning can repeat striking the same place it had stricken before but 56.41%

after the DAIM intervention. That showed an increase of

51.51% improvement. A proportion of 17.95% of the learners from the experimental group in
the pre-test agreed that it is safe to stand under a tall tree during the storm. In this case, the
DAIM intervention was less effective because the percentage became worse and increased to
35.90%. That showed that DAIM intervention was less effective by 17.95% after the DAIM
intervention. A proportion of 61.54% of the learners from the experimental group agreed with
the misconception that a car tyre put on top of a hut can prevent lightning from entering the
hut. The percentage reduced to 41.03 after the DAIM intervention, which showed the DAIM
intervention was effective by 20.51%. The overall results of the DAIM effectiveness were

seven out of eight (87.5%).
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5.6 Infusion of Indigenous Knowledge (1K)

The total number of learners that were interviewed was four. That was because of the
recalcitrance of the learners in their teacher’s absence in the classroom during interviews. The
learners that were not being interviewed were so disruptive in the class. Learners had mixed
feelings about the permeation of IK into school science. Two learners said no, there must not
be an infusion yet. Their reasoning was based on the differences of the different members of
the different communities about the understanding and explanation of lightning. The ones who
believe that it is high time for IK to be included in school science were of the view that
everybody would benefit from the knowledge of lightning, its formation, its causes, its dangers,
and its prevention. They mentioned that elderly people from adult learning centres would also
benefit from this knowledge. This tells us that indigenous knowledge and World view science
must co-exist for proper learning to take place as was suggested by Shizha (2013). Shizha
believed that the school curriculum should work hand in glove with indigenous knowledge.
The participants suggested numerous fundamental aspects that they thought could be relevant
in the process of integrating IK into school curriculum like, how lightning is formed, what
causes lightning, what are the dangers caused by lightning and how can you protect yourself
from lightning. The participants believed that a clear structure of indigenous knowledge needs
to be constructed to fit into the school curriculum. Some learners had a feeling that rote learning
must be demotivated and vocational learning should be promoted. According to Heugh and
Grin (2005), learning Indigenous knowledge is relevant and sustainable by itself and that is

appropriate to pay brink service for the sake of the economy.

5.7 IMPLICATIONS

5.7.1. Implications for teachers

Teachers, as delivers of the curriculum must understand what it is, that the recipients (learners)
need. As one learner mentioned that a concrete structure for the 1K needs to be clear for it to
be infused into the curriculum, not everything of indigenous knowledge must be included in
the school curriculum. The pedagogy of African herbs that is fundamental to the treatment of
certain diseases that the school science struggles to deal with must be considered for integration
into the school curriculum. This African pedagogy has been marginalised by worldview and

had not been given space in the school curriculum hence it was tagged as ferocious.
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Learners have the structures within the school premises that carry the mandate of the learners
to the authorities of the school and mandates need to be taken into consideration because they
are discussed both using home language and the first additional language which is the medium
of instruction at schools. Appropriate planning by the teacher is crucial so that a teacher can be
able to get the desired outcomes. The participants pointed out that learner-friendly curriculum
content and pedagogy are crucial elements in the process of developing an all-inclusive
curriculum based on the efforts to reconnect the process of education, curriculum, and human
development to the well-being of the community life (Knapp, 2014). The participants noticed
the skills that the African Indigenous knowledge comprises that have been marginalised, for
example, it was not always necessary to take somebody to the doctor if he/she was sick but the

African herbs would heal the person.

5.7.2. Implications for Basic Education

Learner-centred teaching should be encouraged while rote learning should be discouraged.
Learning based on promoting skills and economy should be the one that is practiced in Southern
Africa. Argumentation methods like the Dialogical Argumentation Instructional Model should
be incorporated in our schools, not only in science but across the whole spectrum of learning
areas to stimulate cognitive learning. This will prompt learners to become active participants

in the curriculum.

Basic education must consider drafting the policy of home language instruction at schools to

simplify the concepts.

There are schools still without running water, still have pit toilets, schools that are still enforcing
Afrikaans as the medium of instruction, schools that are still constructed by mire, and schools
that have still no access to the internet and libraries. In those schools, proper teaching and
cognitive learning are constrained. There are still some schools in South Africa that do not have
the infrastructure, yet teaching and learning is taking place under the trees. Basic education
needs to make sure that those schools are operating in the normal way. Basic education needs
to set programs for teacher developmental workshops. Teachers who are the recipients of Bantu

education, most of them lack computer skills, so they need to be retrained.

Alexander and Dochy, (1995) define knowledge as factual information that comes about

learning. The statement supports the fact that Basic education needs to provide every educator
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in South Africa with a laptop so that teachers can have access to information (knowledge).
Learners themselves need to have at least tablets as Gauteng Province has already started with
the program and be provided with the data so that they can have internet access. Basic education
should consider collateral learning, that is anthropological instruction and worldview
instruction hence knowledge and values are acquired mainly through interacting with the
environment, experience, observation, and handed down from one generation to another mostly

by oral means.

Recognising the social context of learning as well as the effect of the learner’s sociocultural
background on teaching and learning is of primary importance if a strong basic foundation is
to be established for successful student achievement and affect outcomes (Cobern, 1994;
Driver, 1979; Jegede, 1995; Ogawa, 1986; Ogunniyi, 1988; Solomon, 1989). The majority of

black learners were marginalised in science and technology before 1994 in South Africa.

5.7.3. Implications of IK for teaching and learning science

In this study, the aim was to acknowledge the true replication of the learners’ opinions about
the concept of lightning before they could come to the dissonance of the school science.
Learners were learning through interacting with the environment, touching, observing, and
listening to the elderly people. During the interviews with the learners, most of them had the
common view that lightning is caused by witches who are jealous of other individuals with the
intention to kill. They also believed that traditional healers also have the potential to make

lighting if they are bribed by somebody to kill another person.

According to learners, IK assisted them in understanding the concept of lightning hence they
transferred that epistemology of anthropology to the perspective of the worldview. Learners
confessed that the government should not close the door for IK to be integrated into the school
curriculum. The Dialogical Argumentation Instructional Model may be the solution to teaching
and learning as it presents a mechanism to foster learners’ better understanding of electrostatics
and lightning. Teaching and learning science to gain scientific knowledge and, prior knowledge
is crucial (Roschelle, 1995).

Using argumentation methods, learners were able to link their experiences, sociocultural
adaptation, and the nature of science. The wider insinuations of IK, in terms of its political,
interpersonal, policy, institutional, linguistic and cognitive, methodology, and ethical

principles, hold incredible value for science and technology educators in grasping and changing
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their long-held personal and systematic dysfunctional practices. Historically, science and

technology have been the preserve and monopoly of an ethnic minority (Mehl & Rhodes,

1989).

The legalised political exclusion of the majority of South Africans furnished tilted discernments
that Blacks are not naturally inclined to science and technology understanding and
manipulation. In terms of 1K, educators will be required to develop the political will and
continually engage in change so that their identification of science and technology needs and
opportunities will lead to relevant, yet constantly changing planning and evaluation to include
all learners (Clare & Sisson, 1990).

The importance of integration of IK is emphasised by Dunn and Larson (1990) when they say
that, a science and technology curriculum cannot successfully operate without celebrating and

acknowledging learners’ social needs and their self-esteem.

5.8 Recommendations

Indigenous Knowledge represents a teaching approach that fosters critical examination of
culture, society, and identity, validating the importance of students' lived experiences while
helping educators guide learners to recognise that their understanding of reality is shaped by
social influences and evolves through time and exposure to diverse environments.. According
to Curriculum and Assessment Policy Statement (CAPS) policies, educators have to facilitate
all learning thoroughly, the processes which are designed to increase learners’ ability to
recognise, understand appreciate differences as well as the similarities from the dichotomy of
society. Notably, IK problematizes the need and the role of the local reality versus the global
which often encompasses decontextualized canonical, mainstream understandings of science
and technology (Rowlands & Holland, 1991). Contiguity argumentation theory should be
spread across the schools so that the learners can feel comfortable and confident to talk about
the local realities that directly affect their lives as well as worldviews that come to obscure their

lives. DAIM promotes the active participation of learners in the classroom.

Indigenous Knowledge is recommended to be integrated into the school curriculum so that the
white people are afforded opportunities to learn about their background, beliefs, and styles of
living, how indigenous people learn through interacting with the environment, and observation
of the indigenous people they historically found when colonising South Africa. Learners stated
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that the local elderly people should narrate stories, write books, and record their lived

indigenous background.

Learners also recommended that traditional dances, shops selling traditional attire, and
traditional food should be encouraged. Learners have shown from their views of lightning that

they have a high epistemology of indigenous pedagogy.

It is recommended that the government consider integrating IK into the school curriculum to
improve the economy of the country by considering building vocational schools that are going
to sharpen the skills of the people. In order to facilitate learners’ understanding of scientific
concepts, Kibirige and Van Rooyen (2006) argue that teachers should refrain from textbooks’

recipes and suggest that teachers create indigenous-related tasks that connect with science.

5.9 Conclusions

The teaching and learning of electrostatics particularly lightning, in this study was based on
constructivism that enables the learners to build their own meanings from interacting with the
environment and making observations in combination with what they learn from school
science. Argumentation became the driving force behind the teaching and learning methods in
this study to promote cognitive development, by not marginalising the cultural beliefs of the
learners but rather taking cultural beliefs into account, as the foundation to support scientific
concepts. Currently, South Africa is using English as the medium of instruction, which is a bit
concerning hence it does not contribute too much alone to the growth of the economy of the
country. Assessment is still based on a worldview that does not recognise Indigenous

knowledge values to enhance learners’ school experience.

The system of education that is currently practised in South Africa is demolishing this
Indigenous cosmology, and fewer people are activists, writing about customary values. After
learners from the experimental group had been exposed to DAIM, they had mixed feelings that
there is a need for indigenous knowledge to be included in the school curriculum. Learners
believed that skill-based colleges should be built to train people so that they can contribute to
the improvement of the economy of the country. The study has also shown that language

contributes tremendously to building and understanding scientific concepts.
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the research entitled “Modelling integration strategies of everyday, scientific and
indigenous knowledge for teaching and learning electrostatics in Grade 10”

toward a Masters in Science Education, University of the Western Cape (UWC).

I request your consent for your child to participate in this research. As a researcher | will apply
the research rules, follow the needed COVID-19 protocol and the child’s name will be kept
anonymous.

The research will be conducted during Science lesson time and refreshments will be provided.
Transport home will be provided where needed. The research will consist of a cohort of 40
learners. The learners and parents will complete consent and assent forms.

The researcher will use a mixed methods approach for collecting data. Surveys, questionnaires
and interviews will be used as instruments to collect data about their knowledge of
electrostatics under the umbrella of an integrated science/indigenous knowledge lesson whilst
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protocols to avoid distortion of the data and the participants will be allowed to withdraw at any
time. At the end, the study summary results will be made available.
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L 2 O hereby give free and
informed consent for my child to participate in the above mentioned study.

e | fully understand what the study is about, why my child is participating and what the
risks and benefits are.

e | give the researcher permission to use the data gathered in an ethical way from my
child’s participation with anonymity guaranteed.
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signature of the researcher
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Date:

Dear Learner,

INVITATION TO PARTICIPATE IN A RESEARCH STUDY

| invite you to participate in a study that I am undertaking at the University of the Western
Cape. The title of the thesis is:

“Modelling integration strategies of everyday, scientific and indigenous knowledge for
teaching and learning electrostatics in Grade 10”.

The researcher will follow the research rules, COVID-19 protocols and your name will be
kept anonymous. The information you provide will only be used in the report, a copy of
which will be made available to you and the school.

The data will be collected during Physical Sciences lessons. There will be no remuneration
but refreshments will be served after the questionnaire has been completed. The following
information on the project is provided.

INFORMATION SHEET

Curriculum and Assessment Policy Statement (CAPS) calls for the inclusion of Indigenous
Knowledge Systems cosmology to be integrated within a modern sciences technology
curriculum. Lightning will take the center-stage in this study. The study will investigate the

impact of Indigenous Knowledge System (IKS) in scientific argumentation in the teaching of
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electrostatics at Grade 10 level. This paper will also investigate whether the learners have
knowledge of the basics of electric charge. The study will use the interpretive research
paradigm as a theoretical and conceptual construct. The study is going to follow the
qualitative research approach using interviews, classroom observations, pre- and post- test
questionnaires. Limited quantitative data will also be collected through the argumentation
phases of intervention lessons and closed-ended questionnaires. Recommendations by science
teachers will also be made after the teaching has been done. The integration of Indigenous
Knowledge with science is to improve better understanding of electrostatics for learners. All
COVID-19 protocols will be followed. None would be disadvantaged, and you stand to gain
in understanding the concepts of static electricity better, especially the natural phenomenon of

lightning.

Your time and effort is highly appreciated.
Yours sincerely

=

Eric Sele
(Researcher)

Assent form (Learner)

L hereby give free an informed
assent to partake in the above mentioned research study.

e | fully understand what the study is about, why | am participating and what risks and
benefits are.

e | give the research a permission to use the data gathered from my participation.

Signature of the Learner................ooooiiiiiiiiiii e,

Name and signature of the Researcher ........................ool

HSSREC
uwcC
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Dr K.R. Langenhoven (Supervisor)
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APPENDIX F: INSTRUMENTS

How did you feel about writing a test about lightning?

1. Did you feel any better understanding of the concept of lightning after you received a
lesson on lightning? Explain.

3. Do you think that topic like lightning should always be discussed in both school and
community for the sake of the safety of individuals?

5. Do you feel that you were given a chance to express yourself in your home language as
well? Explain.

6. Was it a waste of time or beneficial to discuss lightning in class? Explain.

Thank you very much.
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