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graphs. For phase two, lesson and the practical demonstration observations were videotaped
and transcribed inductively. Thematic analysis was used to analyse the qualitative data. The
study was informed by Vygotsky’s (1978) socio-cultural theory with a focus on the mediation
of learning, social interactions and learner engagement within the learners’ Zone of Proximal
Development (ZPD) in conjunction with Shulman’s (1987) theory on pedagogical content
knowledge (PCK).

The findings of the study indicated that the majority of the Physical Science teachers were
aware of and supported the inclusion of IK; on the other hand the teachers indicated some
challenges that come with IK integration. Some teachers acknowledged the importance of IK,
such as the enhancement of understanding, proving of theories, and arousal of interest and
context relevance. However, some teachers felt that there are misconceptions in IK that can be
carried into the classroom, IK resources like textbooks are not available, and IK is not

integrated in the syllabus and examinations and lack of teacher training infer alia.

The study recommends that the Ministry of Education, Arts and Culture especially the Division
of Curriculum Planning and Development (NIED) needs to explicitly include IK in the Syllabus
documents and suggest the inclusion of IK in the textbooks to the publishers to address these
challenges. In order to enhance the teaching and learning with IK in Science, it is critical that
teachers’ training workshops are conducted and IK resources are designed so that 1K
integration can be successfully implemented. For that to happen, it is recognized that the
teachers’ PCK should be regularly upgraded through Continuous Professional Development
(CPD) by the Subject Advisors (SA) so that the teachers are consistently guided on appropriate

teaching methodologies and pedagogies about the inclusion of IK.
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CHAPTER 1: SITUATING THE STUDY

1.1 Introduction

The focus of this study was to explore how teachers mediate learning of experimental
techniques using fermentation and distillation of a traditional brew. Researchers have shown
that the inclusion of indigenous practices/local knowledge in science lessons enhances sense
making as well as the development and understanding of scientific concepts (Kibirige & Van
Rooyen, 2006; Mukwambo, Ngcoza & Chikunda, 2014). However, the inclusion of indigenous
practices/local knowledge in science classrooms is under-researched in Namibia. This fact

triggered my engagement with this research.

This chapter thus introduces the study. Here the context of the study including the Namibian
curriculum, the research goal, research objectives, research questions, statement of the problem
and significance of the study are discussed. The definitions of the key terms used in the thesis,

as well as the thesis outline are outlined and the chapter ends with some concluding remarks.

1.2 Background of the study

Internationally the performance in science by most learners is poor (TIMSS, 2011; Howie,
2004; Reddy, Zuze, Visser, Minnaar, Juan, Prinsloo, Arends & Rogers, 2015). In her study
conducted on the TIMSS results in 1995 and 1999, Howie (2004) found that the performance
in Mathematics and Science were extremely poor in South Africa compared to that of other
countries. This finding further revealed that South African learners were significantly below
those of learners in all of other 40 participating countries including Ghana and Botswana from
Africa. Howie (2004) further found that this was exacerbated in part by the lack of
understanding of the Mathematics and Science questions and the inability of learners to
communicate their answers, for instance, where they needed to explain the process or

phenomenon.

The TIMSS report further revealed that teachers’ attitudes and their beliefs about
Mathematics/Science and the skillfulness of their teaching were identified as factors that might
be causing this poor performance. Unfortunately, Namibia did not take part in the TIMSS
research. Instead, it took part in the SATS (Ministry of Education [MoE], 2014; Shaakumeni,

2014), whose findings indicated poor performance in Mathematics, Science and English in



Grades 5 and 7. Similarly, the Examiners’ Reports (MoE, 2014-2015), indicated that learners
performed poorly in Physical Science in both Grades 10 and 12. The report further indicated
that a minimal number of practical activities that were suggested was done. The report

suggested that there is need to do more practical work in order to enhance understanding.

As indicated in the findings above, in the |[Kharas Region where this study was conducted, the
pass rate in Physical Science was between 20-21% (MoE, 2014-2015) and this was also the
case in other regions in Namibia. The Examiners’ Reports further indicated that learners
answered the questions on experimental techniques; in particular, fermentation and distillation
which require them to explain these processes very poorly (see Table 1 as evidence extracted
from the Examiner’s Report for 2015). Yet, the concepts fermentation and distillation are very
important concepts in chemistry education. As earlier indicated that, there is little research
done on the integration of IK in Namibia, thus, the integration of IK is still at its embryonic
stage, whose objectives are mostly sense making, conceptual development and understanding

that will consequently improve the performance of learners (Klos, 2006, Wanja,2000).

Conceptual development and understanding were also emphasised in the studies conducted in
Namibia by Uushona (2013) and Shifafure (2014). They found that learners’ performance was
poor in Physical Science due to the following reasons; lack of resources to carry out practical
activities as suggested in the syllabus; teachers’ lack of pedagogical content knowledge (PCK)
on the inclusion of indigenous knowledge (IK) due to lack of training; the curriculum (syllabus)
was not explicit in explaining how the IK can be integrated into science content and assessment
activities; and finally the teachers’ attitudes towards and experiences of the inclusion of IK in

science lessons.

It is against this background that this study explored the possibility for the inclusion of
indigenous knowledge (IK) in science lessons in order to enhance sense-making and conceptual
understanding as proposed by the following scholars (Aikenhead & Jegede, 2009, Mapara,
2009; Ogunniyi & Ogawa, 2008; Shizha, 2007). Mapara (2009) posits that the inclusion of IK
in science also teaches skills that encourage sensitivity to the survival of the environment. For
example, in the context of this study the traditional fruits used to make Ombike are natural; clay
pot and wood-condenser are made from locally available natural resources without any cost
involved and are environmental friendly at the same time. This is also emphasized in the

Namibian Curriculum (MoE, 2010), that teaching and learning should consider the context of






fermentation and distillation. This may consequently assist learners to answer the questions
confidently and correctly and improve learners’ performance as opposed to the current status

quo.

According to the results analysis reports from the Ministry of Education, Arts and Culture
(MEAC), from 2012 to 2015 the ||[Kharas Region was ranked position 11, 12 and 13 out of 14
regions. It emerged from the Examiners’ reports that questions that require learners to explain
and show understandings were among the most poorly answered questions in the National
Senior Certificate examinations. Additionally, the reports highlighted that learners lack
practical skills or a lack exposure to experiments and demonstrations to enhance their

understanding (MoE, 2014-2015).

It is for this reason that this study explored whether the practical demonstration of making
Ombike might give learners an opportunity to relate science with what is happening at home
(Stears, Malcolm, & Kowlas, 2003; Oloruntegbe & ITkpe, 2011). This might also give value to
cultural ways of knowing and allow room for debate and reasoning that consequently leads to
meaningful learning. The inclusion of cultural/indigenous practices may address the lack of
practical activities and might lead to an improvement in the low pass rate highlighted by the
Examiners’ reports. For example, many teachers have not been exposed to the inclusion of
indigenous knowledge (improvising) during their teacher training and this has affected the
teachers’ attitudes toward IK (Shizha, 2007). Thus, the curriculum should be inclusive in both

pedagogy and content.

The curriculum documents acknowledge learners’ prior knowledge, experiences and their
context but the challenges lie with the implementation of these tenets. Furthermore, the
curriculum does not clearly explain how indigenous knowledge should be considered during
teaching. This is exacerbated by the fact that the curriculum was inherited from the previous
administration and was distant from the lives and experiences of most Namibians (7oward
education for all, MEC, 1993). When the curriculum is not developed to include everyday
contexts, it might result in confusion for learners (Kasanda, Lubben, Gaoseb, Kandjeo-
Marenga, Kapenda, & Campbell, 2005). Thus, an indigenous curriculum has the promise of
invigorating science educators who are interested in the pursuit of science from indigenous
technologies, embedded in the ‘taken for granted’ and ‘place—based’ traditional knowledge

systems (Phiri, 2008).



Similarly, local sciences present an opportunity for sustainability in development without
relying exclusively on the outcomes of globalization systems of knowledge (ibid). For instance,
the Namibian curriculum clearly states that learners’ prior knowledge should be considered
during teaching so that it is culturally inclusive, and yet this area is neglected in most teachers’
training. This also seems to be under-researched in Namibia. Hence, this research explored
how the inclusion of indigenous knowledge might help in closing this gap so that there could
be cultural border crossing (Aikenhead, 1996; Aikenhead & Jegede, 1999) from home to school

science. I now briefly discuss the requirements of the Grade 11-12 Physical science syllabus.

The Namibian Physical Science syllabus for Ordinary Level requires learners to study the topic
experimental techniques. This topic consists of various topics, such as filtration, crystallization,
paper chromatography, evaporation, simple distillation and fractional distillation whereby

learners are expected to:

e Describe methods of purification or methods of separating mixtures by the use of a
suitable solvent, filtration, crystallization, re-crystallization, and distillation (including
the use of fractionating column);

o Identify substances and recognize that mixtures melt and boil over a range of
temperatures;

e Evaluate the purity of substances from melting point and boiling point information,
outline the importance of purity in substances in everyday life (e.g. salt, sugar, drugs),
and suggest suitable purification techniques, given information about; and

e Carry out fractional distillation of a sample of wine/fermented sugar solution/fruit juice.

Ironically, in the first three competencies of the syllabus no practical work is suggested on
distillation (MoE, NCBE, 2010, p. 30). Instead, a practical activity is only suggested in Organic
Chemistry on making alcohol through fermentation as indicated in the last competency. My
experience as a Subject Advisor is that linking these two topics presents a challenge to some
teachers since they appear in different chapters. In many cases these topics are taught in
isolation and theoretically (Czerniewicz, Murray & Probyn, 2000) and as a result learners
struggle to comprehend what they have learnt as reflected in the Examiners’ reports. There is
also a misconception about fermentation being a biological concept and yet there is a lot of

chemistry associated with it.
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page...)
(1) Explain the how | (ii) Answered poorly. Most of the candidates could 2
apparatus works. not explain how a condenser works, nor identify
what cools down the steam/vapour/gas. While some
talked about water/air being cooled instead of
steam/vapour/gas
(b) Explain how (b) Answered poorly. Most candidates could not 5

these apparatus can | describe the fractional distillation process in a
be used to separate | sequential approach. They rather listed the functions

the mixture of of the individual apparatus. The few that managed to
alcohol and water | fit the pieces together, referred to the mixture as a
in apparatus D. solution or boiling/burning instead of heating. In

some cases, candidates generalized the use of
thermometer as an apparatus used to measure
temperature instead of to measure the temperature of
steam/vapour/gas.

Thus, this research sought to add to the research done by Uushona (2013) and Shifafure (2014)
on teaching fermentation and distillation through the inclusion of indigenous knowledge (IK).
The studies on the inclusion of IK conducted by Uushona (2013) focused on the Grade 9
learners in the Omusati Region whereas Shifafure’s (2014) focused on the Grade 11 Physical
Science teachers in the Kavango region. This presents a different cultural setting to Uushona’s
and mine. In contrast, my study focused on the Grade 11 Physical Science teachers in one
school in the |[Kharas region. It looked at how teachers teach both in conventional ways and
through the inclusion of a practical demonstration on making Ombike, a traditional alcoholic
drink. I was also interested to see how teachers mediated learning through the inclusion of IK
in a multicultural environment which was not the case in Shifafure’s and Uushona’s studies.
Additionally, my study took cognizance of the research done by Kasanda, et al. (2005) and
Klein (2011) on the inclusion and role of everyday prior knowledge and indigenous knowledge

respectively.

1.3 Statement of the problem

A research problem is a general educational issue, concern or controversy addressed in research
that narrows the topic (Creswell, 2008, p. 70). This research project addressed the lack of

conceptual understanding and sense-making during science lessons. From my own teaching






1.5 Research goal, objectives and questions
1.5.1 Research goal

The main goal of my study was to explore how Grade 11 Physical Science teachers mediate
learning of concepts on experimental techniques (fermentation and distillation) conventionally

and through the inclusion of a practical demonstration on making Ombike.

1.5.2 Research objectives

The objectives of this study were:

(1) To investigate the perceptions and experiences the Physical Science teachers have
on the inclusion of indigenous knowledge in science lessons;

(1))  To establish the factors that influence the Physical Science teachers’ perceptions
and experiences of the inclusion of indigenous knowledge in science lessons;

(ii1)  To identify the appropriate teaching strategies that Physical Science teachers can
use to help learners to make sense of concepts in Experimental Techniques;

(iv)  Toenhance teachers’ understanding on how indigenous knowledge can support the
understanding of scientific concepts during lessons; and

(v) To promote community members and community experts’ involvement in science

activities at school.

1.5.3 Main question

How do Grade 11 Physical Science teachers mediate learning of concepts on experimental
techniques conventionally and through the inclusion of a practical demonstration on making

Ombike?

Sub-questions

(1) What are Grade 11 Physical Science teachers’ perceptions and experiences on the

inclusion of indigenous knowledge during Science lessons?

(2) What factors influence Gradel1 Physical Science teachers’ perceptions and

experiences of the inclusion of indigenous knowledge?

(3) How do Gradell Physical Science teachers teach experimental techniques

conventionally, i.e. fermentation and distillation?

9



(4) How does the inclusion of the practical demonstration on making Ombike enable or
constrain Gradell Physical Science teachers when explaining concepts on

experimental techniques - fermentation and distillation?

1.6 Definition of key concepts

In this thesis, I have used many terms that could have different meanings in other contexts, or

could be written differently. Therefore, I explain the meanings of these terms below.

Cultural content knowledge: Cultural content knowledge refers to a person’s knowledge of

the culture of a particular group of people.

Fermentation: According to Campbell (1990), alcoholic fermentation can be defined as a
metabolic process whereby yeast converts CH120s 10 ethanol (CH3;CH20H) and carbon dioxide
gas, in the absence of oxygen. Fermentation is a chemical process that involves the breaking
down of organic materials such as glucose/sugar by micro-organism such as yeast to produce

ethanol and carbon dioxide gas.

Fractional distillation: Atkinson (1985) defines distillation as the process of boiling to form
vapour and the cooling of the vapour (condensation) which changes to liquid. Furthermore,
fractional distillation is defined as a process separating two liquids by distillation, the distillate

being collected as fractions which boil at different temperatures (ibid).

Indigenous knowledge (IK): specific forms of knowledge that is local and specific to place.

Indigenous knowledge could be synonymous to cultural ‘ways of knowing’.

Indigenous Knowledge Systems (IKS): the totality of the knowledge that a community
holds.

Ombike: A traditional alcoholic drink made from fermented traditional fruits. The fermented
mixture is heated in a closed container and the vapour condensed to a liquid alcohol. It is

estimated that this alcohol has a high percentage of alcohol of about 40% or more.
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Pedagogical content knowledge (PCK): According to Shulman (1987) pedagogical content
knowledge refers to the teacher’s knowledge of the content of the subject and a deep and
flexible understanding of teaching and learning theories and how to apply them to effectively
bring about learning. PCK is a combination of the knowledge of what to teach and how to

teach it.

School science: Physical Science as defined as a combination of Chemistry and Physics in

curriculum documents.

Western (also Eurocentric) science (WS): knowledge accumulated over many centuries
from both European and non-European cultures modified to better fit the ways of knowing of

Western science.

1.7 Thesis Qutline

This section briefly outlines the different components of this study which was conducted at a
secondary school in the Kalahari Circuit in |[Kharas Region in Namibia. The thesis comprises

six chapters and these are outlined below.

Chapter One: This chapter introduces the study. It outlines the contextual background to the
study including the Namibian Curriculum; rationale for the study research goal and objectives;

keys concepts of the study and the questions that the study sought to answer.

Chapter Two: In this chapter I review the literature that is relevant to this study. The chapter
starts by discussing prior everyday knowledge, the prospects and challenges of incorporating
indigenous knowledge in science, language as a meditational tool, practical demonstration;

fermentation and distillation and the theoretical framework is explored.

Chapter Three: In this chapter, I present the research design and methodology of the study.
The chapter discusses the research paradigm, the research design and outlines the research goal,
the population, sampling procedure, contextual background of the research site, the data
gathering techniques that were used, ethical considerations, validity and the limitations of the

research.
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Chapter Four: Here I present, analyse and discuss the data gathered using the different
research instruments. The quantitative data is presented and analysed followed by the
qualitative data. It starts with the data gathered from the questionnaires before proceeding to
the semi-structured interviews. I discuss and interpret the data presented in light of the themes
that emerged from the data that enabled me to answer my research sub-questions 1 and 2. The
analysis and discussion of the data is done in comparison with the findings of similar research

mentioned in the literature review chapter.

Chapter Five: In Chapter Five, I present, analyse and discuss the data gathered from the
observations. It begins with the data gathered from the observations of lesson presentations,
followed by the stimulated recall-interviews with the teachers and the practical demonstrations
done. I discuss and interpret the data presented in light of the themes that emerged from the
data that enabled me to answer my research sub-question 3 and 4. The analysis and discussion
of the data is done in comparison with the findings of similar research discussed in the literature

review chapter.

Chapter Six: Summarises the findings of the study, makes some recommendations based on
the findings, includes a critical reflection of the journey throughout this study and finally draws

a conclusion.

1.8 Concluding remarks

This chapter introduced the goal of my study which was to explore how Gradell teachers
mediate learning of the concepts in Experimental Techniques (fermentation and distillation)
conventionally and through the use of a practical demonstration of making a traditional
alcoholic drink called Ombike. The chapter outlined the background/context of this research.
It also looked at the research questions to be answered, the problem statement, and rationale of

the study, the key concepts used in the study and the thesis outline.

In the next chapter, I discuss the literature relevant to my study.
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CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

The goal of this study was to explore how teachers mediate learning of experimental techniques
using fermentation and distillation of a traditional brew. This chapter thus discusses the
literature that is relevant to the research. The conceptual framework informing my study is
everyday indigenous knowledge. Language is a tool for learning and practical work in
fermentation and distillation. I also explore Vygotsky’s socio-cultural theory and Shulman’s

pedagogical content knowledge as the theoretical frameworks informing my study.

2.2 Conceptual framework

The conceptual framework in research plays a vital role because it enables the researcher to
discuss the key concepts underpinning the study (Imenda, 2014). Central to this study is a
discussion on the inclusion of IK in science education, prior everyday knowledge, language as
a mediating tool, and practical work and practical demonstrations. These key areas are

discussed in the following sections.

2.2.1 Prior everyday knowledge

Prior everyday knowledge refers to the experience and knowledge the learners come with to
school. It can be the knowledge learnt from the previous grades, experience learnt from home
or their local environment (Roschelle, 1995). The connection between prior knowledge and
school science promotes added engagement and participation for learners both with each other
and with the content (Kuhlane, 2011; Stears, et al., 2003). Thus, prior everyday knowledge
could be in the form of scientific knowledge or indigenous knowledge (IK). Combining this
knowledge with what learners learn at school has the potential to bring about learning as
‘conceptual change’ (Kasanda, et al., 2005; Posner, Strike, Hewson, & Gertzog, 1982;
Roschelle, 1995).

In addition, some scholars believe that considering learners’ prior knowledge and experiences
may support not only conceptual understanding but also linguistic development (Zhang, 2008;
Hendricks, 2003). Thus, bringing the village into the classroom might develop positive
attitudes towards the subject as learners can relate the content to their cultural environment
(Klein, 2011; Rennie, 2011; Shifafure, 2014). However, this is not always possible since

teachers tend to ignore IK or stick to what is stated in the syllabus and textbooks (Mapara,

13



2009; Webb, 2013). In most cases, the content in the syllabus and textbooks is based on foreign
contexts and this might cause a cultural clash with the learners’ culture. Furthermore, Roschelle
(1995) accentuates that science learners need prior knowledge but prior knowledge can
sometimes be misleading in that it introduces misconceptions. For this reason it is vital to
mediate learning through scaffolding in order to clear out some of the misconceptions. I now

discuss what the literature says about indigenous knowledge.

2.2.2 Indigenous Knowledge in Science

IK refers to a holistic, local, tacit, orally transmitted, based on the experience, learned by doing
and repetition and it is constantly changing (Kibirige &Van Rooyen, 2006; Mutanho, 2016).
In this research IK is understood to be the knowledge gained from the context of the teachers
and the learners. Learning begins with what the learners know prior knowledge embedded in
IK, before they proceed to learn new concept which is referred to as cultural border-crossing
(Aikenhead & Jegede, 1999). This cultural knowledge facilitates learning through social

interaction and thus learning becomes interesting and meaningful (Vygotsky, 1978).

However, IK as a body of knowledge does not come without problems. There are various
challenges that come into play during integration when teaching. Central to this is the fact the
most IK is not documented and IK is not in the textbooks or syllabus (Shizha, 2009). As
indicated earlier, IK is orally transmitted and IK practices are done through trial and error and
are not scientifically proven (Kibirige & van Rooyen, 2006). Thus, not all IK can be used at
school because there might be some misunderstandings that need to be cleared up beforehand
(Mukwambo, et al., 2014). However, Ogunniyi and Ogawa (2008) and Mukwambo, et al.
(2014) concluded in their studies that both systems of thought are not mutually exclusive to

each other but rather do complement each other.

As a result, many scholars call for the inclusion of indigenous knowledge (IK) due the number
of benefits that accrue such as learners’ interest is enhanced (Hodson, 1990), increased learner
engagement, enhancement of conceptual understanding and development and recognizing the
culture of the learners (Kibirige & Van Rooyen, 2006; Mapara, 2009; Mukwambo, et al., 2014;
Ogunniyi, 2008; Shizha, 2007). These scholars believe that learners’ indigenous knowledge
and western science taught in school can and should correspond and complement each other,
(Jegede & Aikenhead, 1999; Le Grange, 2012; Simasiku 2016). Shizha (2007) posits that the
differences between modern science and indigenous science exist not so much in the content

but in the ways of knowing and the interpretative framework that underpins such knowledge.
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It is recognized, however, that the inclusion of IK presents difficulties. Most indigenous
knowledge and indigenous practices are not well documented and are not scientifically proven
(Kibirige & Van Rooyen, 2006). These practices have led to an attitude in the institutions and
the system that hinders the successful incorporation of IK (Shizha, 2007). In his study, for
instance, Shizha (2007) found that the teachers’ conservative ideas exhibited a negative attitude
towards indigenous science. Teachers think that the traditional knowledge is only important at
home. Also, (Ramorongo & Ogunniyi 2010, Van Wyk, 2006) further argued that science
teachers have been schooled largely in the scientific worldview; the teachers have not been
prepared to implement a science-IKS curriculum; instructional materials, that is, textbooks and
teachers’ guides including IK are not available. This leads to problems with teachers

incorporating IK into their science lessons.

Due to these views, perceptions and experiences, some teachers include IK in their teaching.
But why other teachers do not? The common findings reveal that teachers’ pedagogical content
knowledge (PCK) considers how learners’ prior knowledge and experiences play a vital role
in learners’ conceptual understanding before new ideas are introduced (Kasanda, et al., 2005;
Ogunniyi, 2008; Roschelle, 2006). This requires the incorporation of learners’ prior knowledge
which may be embedded in IK as proposed by Mukwambo, Ngcoza and Zulu (2014). Although
studies have found that some teachers strongly advocate for the inclusion of IK, Shizha (2007)
and Ogunniyi, (2008), point out that the challenge lies with how to implement it. This might
be due to a lack of teachers’ training in the field of IK and the teachers’ attitudes towards IK

that leads to the successful integration in science.

The teachers’ attitudes and knowledge about IK is central to the successful integration of IK in
science teaching. In his study conducted in Zimbabwe, for instance, Shizha (2007) found that
teachers were conservative ‘gatekeepers’ who exhibited negative attitudes towards indigenous
science and hence supported the teaching of western science. According to him, this was
attributed to the syllabus documents the teachers were using and the kind of training/schooling
they had received. It is thus for these reasons that teachers devalue indigenous experiences,
ways of knowing, and understanding, and in the process prevent students from experiencing

culturally inclusive and relevant science.

Despite the challenges that come with the integration of IK in science classrooms, Kibirige and

Van Rooyen (2006) contend that the inclusion of everyday experiences enables adult
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process that involves the breaking down of organic materials such as glucose/sugar by micro-
organism such as yeast to produce ethanol and carbon dioxide gas. During the separation
process the organic materials (fruits) are soaked in the water. Due the presence of
glucose/sugar the mixture begins to ferment after a few days. During fermentation, glucose
from plants is turned into ethanol by enzymes (biological catalysts) such as those contained in

yeast, the process is shown below:

Enzymes
Glucose — Ethanol + Carbon dioxide + Energy
Enzymes/yeast

CéH1206 — 2C2:HsOH+ 2CO:2 + ATM

The rate of fermentation is determined by the amount of sugar and the temperature involved.
Thus, fermentation is practiced in everyday activities such as making Ombike and Oshikundu
using indigenous fruits and vegetables, such as: Berries; Palm fruits. Eeshegele, Fenyandi,
Water Melon; Dates, Raisins, Cane sugar and other natural sugars. My assumption is that
referring to everyday activities when teaching scientific concepts such as fermentation might
help learners to understand and see the relevance of the content. I now discuss the concept of

distillation.

Distillation

Atkinson (1985) defines distillation as the process of boiling to form vapour and the cooling of
the vapour (condensation) which changes to liquid. Furthermore, fractional distillation is
defined as a process separating two liquids by distillation, the distillate being collected as
fractions which boil at different temperatures (ibid). Dube, Gordon, Jeoffreys, Khalieli, Molapo
and Odara (2012) point out that the component with the lowest boiling point is reached first as
it evaporates first. In this case, the mixture of water and alcohol is collected first because it has
the lower boiling point of 78°C compared to pure water which is 100°C at sea level. The two
components (water and alcohol) are separated from one another by the vaporization process.
The component with the lowest boiling point rises to the top of the container and goes to the
delivery tube until it reaches the condenser where the vapour is condensed to the liquid form

and collects (Dube, et al., 2012).
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(Probyn, 2006; Shizha, 2007). Furthermore, lack of conceptual understanding is caused by the
gaps between context and content and the language barrier. Thus, the use of the vernacular
which is Oshiwambo during the practical demonstration of Ombike in particular might
hopefully stimulate learners’ interest to learn more meaningfully. Herein lies the importance of

socio-cultural theory as espoused by Vygotsky (1978).

One of the fundamental concepts of socio-cultural theory, according to Lantolf (2000), is its
claim that the human mind is mediated. This means that cognitive development is not a direct
result of activity, but it is indirect; other people must interact with the learner, use mediatory
tools to facilitate the learning process, and then cognitive development may occur (Vygotsky,
1978). Therefore, the practical demonstration on making Ombike can be used as a mediating
tool to enhance meaning making. Thus, a knowledgeable participant/expert can develop
curiosity and supportive conditions in which the learner (novice) can participate in and extend

current skills and knowledge to a high level of competence.

This perspective further emphasizes the importance of society and culture in promoting
cognitive development. In other words, students learn by fitting new information together with
what they already know from their cultural environment. Stears, et al.’s (2003) findings
revealed that culture is a contextual lens through which learners view and understand the world.
This has a direct influence on learners’ cognitive processes and understanding of science. It is
precisely for these reasons that Mapara (2009); Shizha (2007); Ogunniyi and Ogawa (2008)
and Aikenhead and Jegede (1999) call for science education to be culturally inclusive through
the integration of IK during science lessons. For example, the integration of the indigenous
practice of making Ombike when teaching fermentation and distillation concepts might
enhance learners’ participation and sense making. It is hoped that the teachers involved in this
study would help learners to cross from IK to western science (Aikenhead & Jegede, 1999).
Furthermore, the knowledgeable other who was responsible for the practical demonstration of
making Ombike and the use of the mother tongue as a mediational tool, might make the process
more understandable. This strategy could potentially enhance creativity, collaborative learning

and link science to real life situations (Teemant, 2005).

The socio-cultural theory views the child as a product of social interaction. The child is assisted
by more knowledgeable others to perform a task that is beyond that child’s zone of proximal
development (ZPD) until such time that the child is able to perform the task independently
(Hall, 2007; Stott, 2016; Vygotsky, 1978; Wang, 2006). This process involves the social
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interaction of the teacher-learners, learner-learner, learners-knowledgeable others through
demonstrations and through probing questions (dialogue or probing). Such mediated social
interaction is central to learning (Khoza, 2016). However, socio-cultural theory can be

complemented by the PCK theory.

2.3.2 Pedagogical Content Knowledge (PCK)

Shulman’s (1987) Pedagogical Content Knowledge (PCK) is another perspective that informed
my study. In his theory Shulman summed up effective teaching as three types of knowledge:
content or subject knowledge; pedagogical knowledge and PCK. Although content or subject
knowledge is explained as identifiable scientific knowledge to support teaching and learning in
science (Friedrichsen & Dana, 2005), pedagogical knowledge is knowledge about general
teaching strategies (Ormrod & Cole, 1996). PCK focuses on knowledge about teaching
strategies in a given subject matter to learners (Ormrod & Cole, 1996) which encompasses
teachers’ content or subject knowledge, pedagogical knowledge and knowledge about learning

(Loucks-Horsley & Matsumoto, 1999).

For this study I used Shulman’s (1987) pedagogical content knowledge theory so that content,
context and teaching pedagogy are explored to see what strategies enhance the understanding
of concepts. In this study, it was hoped that the use of mother tongue by a knowledgeable person
would help the learners to understand the process of fermentation and distillation during the
practical demonstration of making Ombike. During this process, the teacher mediated learning
by explaining and linking the science concepts emerging from the demonstration. By so doing,
the learners were afforded an opportunity to relate fermentation and distillation to what they
have experienced at their homes so that they could develop conceptual understanding. It is
against this backdrop that PCK suits my study as it entails both the content (what is to be learnt)
and the pedagogy (how the content is taught).

Furthermore, eliciting learners’ prior knowledge and experience might assist during the
practical demonstration of Ombike and can be used as pedagogy to teach the subject matter
(fermentation and distillation). According to Khoza (2016), there are specific ways in which

teachers engage in interactions with their learners.

2.4 Concluding remarks

In this chapter I discussed the literature relevant to my study. Firstly, I discussed the conceptual

framework informing the study, namely, the role of prior everyday knowledge in science
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classrooms; indigenous knowledge (IK); language as a meditational tool and experimental
techniques (fermentation and distillation) and the role of practical work/demonstrations.
Secondly, I discussed the theoretical frameworks that informed my study, such as Vygotsky’s

(1978) socio-cultural theory and Shulman’s (1987) Pedagogical Content Knowledge (PCK).

In the next chapter I outline the research design and research methodology.
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CHAPTER 3: RESEARCH DESIGN AND METHODOLOGY

3.1 Introduction

Research design and methodology entail explaining the research procedures and conditions,
the site, sample, and the data collecting tools that were used in the research to collect and
analyze the data. In this chapter, I thus present the research design and methodology of the
study. The chapter discusses the research paradigm, the research design and outlines the
research goal and questions, the population, sampling procedure, contextual background of the
research site, the data gathering techniques that were used. Additionally, the ethical

considerations, validity and the limitations of the research are presented.

3.2 Research Design and Orientation

This study is underpinned by an interpretive paradigm (Bertram & Christiansen, 2015). Cohen,
Manion, and Morrison (2011) and Maree (2008) posit that an interpretive paradigm is the lens
through which you can examine the practice of research. Furthermore, a qualitative researcher
carries out their research studies to reach the best possible understanding and focuses on the
individual and tries to get inside knowledge of the person in order to understand him/her from
within. This allows social interactions between the researcher and the participants. For
example, in my case this allowed me to know the participants’ perceptions and experiences in
relation to the inclusion of indigenous knowledge, specifically in relation to the making of
Ombike in the context of this study. Herein lies the role of socio-cultural theory which is the
theoretical framework informing this study. Such an interaction may lead to the understanding
of how people make sense of their world and how they make meaning of their particular actions
(Maree, 2008). Thus, the interpretive paradigm gave me an opportunity to understand how the
Physical Science teachers selected for the research help learners to make sense of the topic
experimental techniques (fermentation and distillation) through the inclusion of a practical

demonstration on making Ombike.

Within the interpretive paradigm, a mixed method case study (quantitative and qualitative)
approach was employed. Merriam (2008, p.90) defines a case as an individual, group,
institution, or community. It allows a researcher to examine a particular issue in a great deal of
depth rather than looking at multiple instances superficially (Rule & John, 2011). Additionally,

a case study provides a unique example of real people in real situations as proposed by Cohen,
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et al. (2011). Thus, a case study enables researchers to understand in-depth the context and the
complexity within which the participants in the research site operate (Creswell, 2009). It also
provides a platform for the researcher to interact with the participants which makes it
appropriate for my study. Essentially, my study examined how teachers mediate learning of
the concept experimental techniques-fermentation and distillation through the inclusion of the
indigenous practice of making Ombike. My unit of analysis focused on the process of mediation
of learning through the inclusion of the indigenous practice of making Ombike to enhance

understanding.

3.3. Research goal, objectives and questions
3.3.1 Research goal

The main goal of this study was to explore how teachers mediate learning of experimental

techniques using fermentation and distillation of a traditional brew.

3.3.2 Research objectives

The objectives of this study were:

) To investigate the perceptions and experiences the Physical Science teachers have
on the inclusion of indigenous knowledge in science lessons;

(1))  To establish the factors that influence the Physical Science teachers’ perceptions
and experiences of the inclusion of indigenous knowledge in science lessons;

(1i1)  To identify the appropriate teaching strategies that Physical Science teachers can
use to help learners to make sense of concepts in Experimental Techniques;

(iv)  Toenhance teachers’ understanding on how indigenous knowledge can support the
understanding of scientific concepts during lessons; and

(v) To promote community members and community experts’ involvement in science

activities at school.

3.3.3 Main question

How teachers mediate learning of experimental techniques using fermentation and distillation

of a traditional brew.
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Sub-questions

(1) What are Grade 11 Physical Science teachers’ perceptions and experiences on the

inclusion of indigenous knowledge during Science lessons?

(2) What factors influence Gradell Physical Science teachers’ perceptions and

experiences of the inclusion of indigenous knowledge?

(3) How do Gradell Physical Science teachers teach experimental techniques

conventionally, i.e. fermentation and distillation?

(4) How does the inclusion of the practical demonstration on making Ombike enable or
constrain Gradell Physical Science teachers when explaining concepts on

experimental techniques - fermentation and distillation?

3.4 Research site, participants and sampling

This research study focused on Grade 11 Physical Science teachers from one Secondary School
in Keetmanshoop Town called Edu-Science (pseudonym) in the |[Kharas region. It is a
government school offering Grade8-12. Furthermore, the piloting of the study was done with
one female teacher from a different school in another circuit. The school, the research
participants and I are all situated in Keetmanshoop town; this made access to the research site
easy and allowed communication with my participants at any point during the research process.
The participants were purposively selected based on their experience and the understanding of
the subject matter (Bertram & Christiansen, 2015; Creswell, 2008). Additionally, eleven
Physical Science teachers completed questionnaires, the data from which I have used to answer
my two first research questions one research participant was a female expert from the
community (Keetmanshoop Township) who carried out the practical demonstration on making
Ombike. In Oshiwambo culture, females prepare Ombike, because in many cases they are more
experienced than men. Furthermore, making Ombike in Oshiwambo culture is regarded as an

activity reserved for women.

As a Subject Advisor, I regarded myself as an insider; I did not anticipate any problem during
the data collection at Edu-Science SS. The Regional Director approved a request to conduct
the study at the school. The principal also gave permission to conduct the study at his school.
Approval letters were copied to Circuit office. Before the data gathering process began, I paid

a courtesy call to my principal to inform him when my data gathering process would start and
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what I would be doing even though the letter requesting permission already indicated the scope
of the research and what I would be doing at the school. I decided to have a one-on—one
discussion to explain all the details about my research and also give the principal the
opportunity to ask me questions about the study so that he had a clear picture of events. This

went very well.

Formal information letters were written to my two research participants, to the community
member and to the parents or guardians of the learners that were involved in the research. The
letter explained the nature of the research and what their role would be. Oshiwambo language
was used to explain the research aims to the community member to make sure that she

understood everything about the research and the demonstration that she was supposed to do.

Having been a colleague of the participants, we had good rapport throughout my data collection
period. It was easy for me to converse with the participants as I was able to speak to them in
Oshiwambo, or in English depending on the subject under discussion. The data collection
process took two weeks to conclude. I conducted some of my interviews during the afternoons
after school. This is because Physical Science has six lessons every week for each class and
the participants had lessons for most of the day. So, I used the participants’ time tables and
developed a master time table for data collection from the school. It was possible for me to
arrange three lesson observations and collect data from the two participants and although we

made some changes I managed to observe each teacher three times.

It was easy for me to keep in touch with the participants to let them know when to expect me
because they had mobile phones. Cell phones greatly assisted in data collection. At some point,
I was not able to do the stimulated recall interview immediately following class lesson
observations but I came to an agreement with the participants about an appropriate time to do
them. In many cases we had to pause and start from where we had left off as the participants
attended to some of their other school duties. The breaks in-between were not that helpful
because they disturbed the flow of ideas that we were busy with at the time of interruption. It

was also quite time consuming to backtrack and to pick up where one left off.

3.5 Data gathering techniques

For this study the following research data gathering techniques were used to collect data,

namely, questionnaires, semi-structured interviews, observations and stimulated recall
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interviews. I now discuss each of the data gathering techniques below (see Appendices I and

D).
3.5.1 Questionnaires

In this study, open-ended questionnaires were administered to all the Physical Science teachers
at the same time in the Keetmanshoop Teachers’ Resource Centre during a subject meeting.
This was intended to obtain an overview of the aspect under study. As a result, out of 22

questionnaires I received 17 (77%) questionnaires back.

The aim of the questionnaire was to help me to understand the teachers’ perceptions and
experiences regarding the inclusion of indigenous knowledge from a broader perspective
especially when teaching the concepts on experimental techniques and the teaching strategies
they use. I chose questionnaires as they can be easily administered to a large group (Bertram
& Christiansen, 2015, p.78). However, the challenge lies with return of the questionnaires,
which is very poor in most cases (Bertram & Christiansen, 2015). Although in my case only
five questionnaires were not returned when I administered them, this is because the teachers

were gathered at same venue and they were given time to complete them.

In addition, some teachers could not complete the questionnaires on that day and they promised
to inform me when to collect them once they were done. It is recognized, however, that using
questionnaires has its own challenges because respondents can give incorrect information
(Bertram & Christiansen, 2015). In addition, I constantly called the participants enquiring
whether they had completed the questionnaires so that I could collect them since some were
not able to complete them on that day. I was not able to receive a 100% questionnaire return
because some of the teachers indicated that they could not recall any IK related to the topic

under study in their communities.

3.5.2 Semi-structured interviews

Semi-structured interviews are types of interviews whereby the researcher engages selected
participants individually on a one-to-one basis (Johnson & Christensen, 2004). Interviews are
used with the aim to explore and describe people’s perceptions and understanding about a
certain issue (Bertram & Christiansen, 2015). I chose semi-structured interviews because they
allow for open-ended questions and the researcher can obtain first-hand information and
clarification of some aspects through probing using follow-up questions (Cohen, et al., 2011)

and clarification purposes (Bertram & Christiansen, 2015). I thus interviewed two teachers to
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During the same phase, the two research participants together with 43 learners observed the
practical demonstration of making Ombike at the school (same site) where the community
expert came to demonstrate the process of making Ombike. 1 video recorded the practical
demonstration which helped the teachers learn how to include indigenous knowledge when
teaching experimental techniques and this was intended to answer my research sub-question 4.
During the practical demonstration the teachers mediated learning by linking IK to
fermentation and distillation. Lastly, I asked the learners and teachers to write some reflections

on their learning experiences about the practical demonstration.

3.5.5 Stimulated recall interview

A stimulated recall interview (SRI) is a follow-up interview that seeks clarification through
watching the video tape together with the participants. The purpose of SRI is to allow the
teachers to give their thoughts on their decision-making processes for their teaching behaviours
as they view their lessons. The SRI followed soon after the lesson for the participants to give
more insights in terms of their choice of activities and the teaching method used. Furthermore,
the SRI is usually done soon after the event to increase the validity (Lyle, 2003; Nguyeu,
McFadden, Tangent, & Beutel, n.d.). Having acknowledged the potential limitations of SRI,
Nguyeu, et al. (n.d) propose that researchers should conduct an initial interview before the SRI

and a follow-up in-depth interview after SRI with each participant.

3.6 Data analysis
The data collected were analysed inductively and I used Vygotsky’s (1978) socio-cultural

theory and Shulman’s (1987) PCK as lenses. Regarding the use of socio-cultural theory as a
lens to analyse data, Mortimer and Scott (2003) posit that the concept of a communicative
approach is central so that teachers can develop learners’ ideas. They highlight two aspects of
a communicative approach, namely, dialogic-authoritative and interactive-non-interactive

which T used to analyse data gathered from the observations in this study.

Furthermore, Mortimer and Scott (2003) explain that the dialogic communicative approach is
characterized by science teachers acknowledging learners’ views whereas the authoritative
communicative approach places more emphasis on the school science point of view. In the case
of the interactive communicative approach learner participation and engagement is encouraged
and this is in line with the socio-cultural theory (Lemke, 2001; Vygotsky, 1978). In contrast,

in the non-interactive communicative approach participation is limited.
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Hence, the social interactions, teachers’ content knowledge, teachers’ pedagogical knowledge
and teachers’ experiences were categorised and analysed. These were divided into categories
that were colour coded. These key themes featured in the interview questions, in the lesson

presentations observation schedules and the practical demonstration.

3.7 Validity and trustworthiness

The data collected using different sources, namely, questionnaires, semi-structured interviews,
videotaped observations and stimulated recall interviews were compared for triangulation
purposes. Bertram and Christiansen (2015) define triangulation as a process of data collection

from a number of sources.

In order to validate the data collected, the participants were given an opportunity to verify and
confirm the transcripts through member checking (Bertram & Christiansen, 2015).
Furthermore, the research was conducted for two weeks which is referred to as prolonged stay
at a research site. Likewise, the stimulated recall interviews which were used to follow-up

aspects observed in class contributed to the validation process.

3.8 Ethical considerations

The following ethical considerations were taken into account during the data gathering process.
A letter seeking permission to conduct the research was approved by the Regional Director
(see Appendix B). A copy of the approved letter from the Director was then sent to the
Inspector’s Office responsible for the school where the research was conducted prior the
commencement of the data gathering process. The school principal authorized the research to
be conducted at his school (see Appendix D). The two research participants (Physical Science
teachers) agreed to take part in the research. They also agreed to be observed teaching and they
agreed to the voice recording, video recording and photographs to be taken and as well to be

interviewed both before and after the lesson presentations.

The teachers who were research participants and the community member all agreed voluntarily
to take part in the research and they all signed the consent forms (see Appendix E). I assured
them of confidentiality and the use of pseudonyms in the findings. The participant names and
school given in the research findings of this study are thus pseudonyms to conceal the identity
of the participants and the school. The community expert was informed of all the procedures
in the vernacular language (Oshiwambo) and agreed before signing the letter of consent (see
Appendix E). Since most of the learners were boarders, the school Principal had to ask the

School Superintended to sign the consent form on behalf of the parents and guardians. Some
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CHAPTER 4: DATA PRESENTATION, ANALYSIS AND
DISCUSSION (PHASE 1)

4.1 Introduction

The aim of the study was to explore how teachers mediate learning of experimental techniques
using fermentation and distillation of a traditional brew. In this chapter, I thus present, analyse
and discuss both the quantitative data and qualitative data gathered from the questionnaires
(open-ended questions) and semi-structured interviews. The quantitative data are presented in
tables and graphs. The qualitative data is analysed inductively and discussed in relation to the
themes that emerged from the data. These themes provided the answers to the research sub-
questions of the study. I first present the data from the questionnaires followed by the data from

the interviews.

4.2, Results from Questionnaires: Quantitative Data

The quantitative data from the questionnaires were analysed based on the responses from the
17 Physical Science teachers who completed the questionnaires. The data is analysed using
percentages and frequency tables. The quantitative data from the questionnaire answered my
research sub-question 1:

What are Gradell Physical Science teachers’ perceptions and experiences of the
inclusion of indigenous knowledge during Science lessons?

I start by presenting and analyzing the profiles of the teachers. Thereafter, I present other data

provided by the questionnaires.

4,2.1. Teachers’ Profiles

Table 2 below presents the biographical information of the teachers who completed the
questionnaires. This consists of the ages of the teachers, their gender and ethnicity. The teachers
were assigned codes for identification according to the order in which the data was collated
from the questionnaires. For example, the teacher’s code T15Q6F, T stands for teacher, 15
stands for questionnaire number 15, Q6 stands for question 6 and F stands for female while M
stands for male. In addition, the categories in Table 2 and 3 are directly linked to the frequencies
of the teachers ‘responses in those tables. For example, in terms of age, two teachers were in
the age group of 20-25 years. The frequencies show the category that has more teachers,

average or few teachers. The frequencies thus clearly show the categories that have more
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teachers, average or less. For example, in terms of ethnicity, the majority (11) of the teachers
who took part in answering the questionnaire were Oshiwambo, speaking, followed by Silosi
(2) speaking, while the Herero, Nama/Damara, Afrikaans and Rukwangali were each

represented by one person.

Table 2: Phase 1 Demographic information of the participants 1 (teachers)

Biographica | Category Teachers’ codes Frequency
1
Information
Age 20-25 T15Q6F, TI6Q6F 2
26-30 T3Q6F, T7Q6F, T12Q6F, T13Q6M, T14Q6F 5
31-35 T2Q6F, T4Q6F, T5Q6M, T6Q6M, T8Q6F, T9Q6M, 8
T10Q6M, T11Q6F
36-40 T17Q6M 1
41-45 T1Q6F 1
46 — 50 0
Above 50 0
Gender Females TI1Q2F, T2Q2F, T3Q2F, T4Q2F, T7Q2F, T8Q2F, 11
T11Q2F, T12Q2F, T14Q2F, T15Q2F, T16Q2F
Males T5Q2M, T6Q2M, ToQ2M, T10Q2M, TI13Q2M, 6
T17Q2M
Ethnicity Oshiwambo | TIQ3F, T2Q3F, T3Q3F, T6Q3M, ToQ3M, |11
T11Q3F, T12Q3F, T13Q3M, T14Q3F, TI15Q3F,
T16Q3F
Herero T8Q3M 1
Silozi T7Q3F, T17Q3M 2
Nama/ T5Q3M 1
Damara
Afrikaans T4Q3F 1
Rukwangari | T10Q3M 1
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No. of years the |3 TI3Q5M 1

teachers taught

Physical Science 4 T3Q5M.TI4Q5F 2
5 T6Q5M 1
7 T2Q5F 1
8 T7Q5F, TI0Q5M, T11Q5F 3
9 T8Q5M, T9QSM 2
10 T17Q5M 1
12 T4Q5F, T5Q5M 2

From the information presented in Tables 2 and 3 above, the data showed that of the 17 teachers
11 were females (65%) and six were males (35%). Eleven of these teachers (65%) speak
Oshiwambo whereas the rest (6%) speak other languages in the table 1. This suggests that
although the sample is multi-cultural in nature, it is dominated by Oshiwambo speaking
teachers. However, all the teachers indicated that they use English as the medium of instruction.
This might be because, 11 out of 17 of teachers (65%), were Oshiwambo speaking as shown
in Table 3 and they do not speak Afrikaans or Khoekhoewab which are commonly spoken in
the South (Keetmanshoop) of Namibia where this study was conducted. Thus, the teachers face

challenges with regard to ethnicity as far the inclusion of IK is concerned.

The table shows that of the 17 teachers, 16 teachers (94%) had obtained educational
qualifications ranging from BETD/DIE to ACE/FDE/MASTEP. The data further show that
7(41%) Physical Science teachers have obtained Honours Degrees (HONS), six of whom are
females (35%) and one teacher who is male (6%). In addition, only one teacher (6%) had

obtained other qualifications, for example, a Master’s in Science (MSc).

Furthermore, at the time of this study, five were teaching grade 8 to 10 (29%), and two were
teaching grade 10 (12%). The total number of teaching years of experience in Physical Science
ranged from 2 to 16 years. It also emerged that eight teachers (47%) were in the age range 31-
35.
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Figure 1, revealed that the majority of the Physical Science teachers are aware of what
indigenous knowledge (IK) is. Of interest is that more female teachers gave detailed
explanations of the term IK than their male counterparts. This could be attributed to the fact
that making Ombike is associated with women. Furthermore, it emerged that more female
teachers have higher qualifications than male (see the table above). Figurel further shows that,
only one teacher (6%) did not give a response. From Figure 1, it can be clearly seen that
teachers are aware of what IK is. However, the challenge lies with implementation as found by

Shizha (2007).

Table 5: Teachers' perceptions on the inclusion of IK in Physical Science

Category Teachers’ Code Frequency
IK set a good link with T1Q2F, T4Q2F, T5Q2M, T8Q2F, T14Q2F, 5
academic knowledge

Enhances communication, T2Q2F; T12Q2F; T13Q2M 3
creativity & experimentation

Improves learners’ T3Q2F; T7Q2F; T12Q2F; 5
understanding and applications | TI15SQ2F;T17Q2M

IK assists learners with their T10Q2M 1
assumed knowledge

IK is helpful when teaching T11Q2F 1
one cultural group

IK makes lessons interesting T13Q2M 1
IK improves performance T16Q2F 1
Off topic response T6Q2M 1
No response T9Q2M 1

Table 5 above shows the teachers’ perceptions on the inclusion of IK in Physical Science

lessons as presented in Figure 2 below.
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Availability of local materials T12Q3F

Off topic answer T2Q3F

No answer T3Q3F, TOQ3M

Table 7 below presents the challenges as factors that influence the teachers’ perceptions on the

inclusion of IK in Physical Science.

Table 7: Factors (challenges) that influence the teachers’ perceptions on the

inclusion of IK in Physical Science

Category Teachers’ Code Frequency
Misconceptions in IK? T4Q3F, T8Q3F 2
Cultural clashes between IK and western science T5Q3M 1
IK not scientifically proven T7Q3F 1
Language barrier due to multicultural class T11Q3F, T14Q3F 2
Time consuming and lack of resources T13Q3M, T15Q3F, T16Q3F 3
Large class size T16Q3F 2
Teachers’ background on IK T16Q3F 1

Table 6 and 7 were combined to form Figure 3 below that shows the factors (positive and

negative) that influence the teachers’ perceptions on the inclusion of IK in Physical Science.
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From the findings (Tables 14 and15) on whether IK should be incorporated in the syllabus;
lesson plans; lesson delivery and practical work/activities, the data revealed that 65%; 35%;
65% and 47%) respectively strongly agreed that IK should be integrated. While12%; 29%;
18% and 24% of the teachers agreed that IK should be included in the syllabus; lesson plans;
lesson delivery and in practical work/ activities. While only 6% and 18% indicated they were
not sure whether IK should be integrated and only 6 % -12% disagreed that IK should be
integrated which is similar to 6% - 12% of teachers who did not indicate whether IK should be
integrated in the syllabus; lesson plans; lesson delivery and in practical work/ activities
respectively. These findings are similar to those of Ramorongo and Ogunniyi (2010) who

highlighted that teachers have different views and experiences on the inclusion of IK in science.

Table 16: The teaching methods currently used by teachers to teach the topic
experimental techniques- fermentation and distillation

Categories Teachers’ Code Frequency

Explain the syllabus content and make TIQ11F 1

references to related indigenous practices

Do experiments in the lab using T2Q11F, T11QI11F, T13Q11M, 5

conventional materials as per syllabus TI5QI11F, T16Q11F

Make use of diagrams and posters to teach T3QI11F, TI0OQ11M 2

the topic

Teach the topic theoretically T4Q22F 1

Did not teach this topic T7Q11F 1

Used group discussion T17Q11M 1

No answer T5Q11M, T6Q11M, T8QI11F, 6
T9Q11IM, T12Q11F, T14QI11F

The data in Table 16 is further presented in Figure 10 below on the teaching methods currently

used by teachers to teach the topic experimental techniques-fermentation and distillation
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Table 19: Themes and supporting literature/theory

Themes Research Theory/Literature
Sub-questions

Awareness of IK in communities 1 Webb (2013)

Potential regarding the inclusion of IK in 1&2 Ogunniyi (2009)

science classrooms

Cultural influences 1&2 Aikenhead and Jegede (1999);
Ogunniyi and Ogawa (2008);
Shizha (2007); Klein (2011)

Constraints regarding the inclusion of IK in 2 Aikenhead and Jegede (1999),
science classrooms Ogunniyi and Ogawa (2008)

I now discuss each of these themes below.

4.4 Themes that emerged from the data

The themes that emerged from the data either highlight the benefit of IK or the challenges of

incorporating IK as discussed below.

4.4.1 THEME 1: Awareness and characteristics of IK in communities

Information from the questionnaires revealed that 16 of the 17 teachers (94%) showed some
awareness of IK with only (T9Q1M) who left the questionnaire blank. This is similar to Webb’s
(2013) findings that there was shared awareness of IK across the respondents (teachers). Of the
17 teachers, 11 teachers (65%) were females and their responses were far more detailed in
comparison with their male counterpart. For example, T1Q1F wrote that: “/K is local natural
knowledge and expertise possessed by the local community”, while T14Q1F defined IK as
“knowledge that is unique to a given society or culture and it is local based knowledge” and
teacher T15QI1F defined IK as “local knowledge that is unique to a given culture or society”.
The data suggests that the respondents are aware of what IK is. However, women seemed to
be more knowledgeable about IK associated with Ombike preparation than men. This was
shown by their detailed explanations (see Appendix I). This could be attributed to the cultural
norms that the indigenous practice of making Ombike is a female activity. Also, this could be

due to the fact that the majority of the teachers (65%) who participated were female Oshiwambo
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speaking. The data also showed that the majority of the female teachers (7) have attained
Honours Degrees as compared to only one male teacher who attained the same qualification.

Thus, the level of education might have an impact on the teachers’ understanding of IK.

4.4.2 THEME 2: Potential regarding the inclusion of IK in science classrooms

From the questionnaires and semi-structured interviews the following categories emerged,;
teachers’ responsiveness (positive) to IK; knowledge transfer; expertise possessed by
communities; learning by doing; scientific knowledge embedded within IK and usefulness of
IK/teachers usage of learners’ prior knowledge. Most of the respondents indicated a variety of
advantages that are associated with the inclusion of IK in science lessons. I begin with the

teachers’ openness towards the inclusion of IK.

From the data, 14 of the teachers (82%) gave positive responses on the inclusion of IK in
science. For example, T3Q2F; T12Q2F; T15Q2F explained in detail the benefits of including
IK in science. The data indicated that most of the teachers have a positive attitude towards the
inclusion of IK. However, when teachers were asked to explain how to integrate IK, the data
indicated that the teachers only made passing references to some indigenous practices instead
of bringing the actual material to do practices or demonstrations. These findings suggest that,
teachers are aware of the importance of IK but the challenge lies with its implementation.

Regarding practical work, T1-I commented that:

“learners were able to be shown how fermentation and distillation process occur, IK
is more of practical ‘kids’ are learning by discovery; proving scientific methods and
then I have done it in a traditional way which was very interesting to the learners not
only in the scientific laboratory but even at home in our home we can also do some of
these scientific methods of separating like fractional distillation in a more traditional

2

way

The teachers’ interaction and participation in their communities’ cultural activities facilitated
acquisition of new knowledge through practical experiences (Radzik-March & Strutchens,

1994). To this end, T2 elaborated that, “IK is more interesting to the learners”.
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Teachers’ usage of learners’ prior knowledge
The data from the questionnaires and interviews indicated various prospects of integrating IK
in science (see Tables 6 and 7). For example, T1-I said.

“Luckily, I am from one of the rural areas where that one happened in African way and
when I went to show it was taught almost the same way it was done at home. When [
went to school I was having the prior knowledge” (T1).

As suggested by other scholars such as Roschelle (1995), Kibirige and van Rooyen (2006) and
others, IK enhances conceptual understanding since learners are able to cross borders from

what they know to the new content.

4.4.3 THEME 3: Cultural influences
What has emerged from the data is that teachers are challenged by the multicultural schools
where they found themselves. They urged that, since they only know their own culture where
they are from, it is difficult for learners to understand the cultural practices they were not
exposed to and vice versa. Similarly, Webb’s (2013) study found that the reasons stated by the
majority of respondents were that IK needed to be integrated in the curriculum due to related
issues of cultural heritage and dignity. From the interview T1-I described the factors that
influenced the teachers’ perceptions and experience

“It depends on where the teacher grew up and sometimes people just want to copy

everything from the western cultures”.

While T2-1 said “one must have strong cultural background, it also it depends onwhere
the person is from and it is very difficult to understand your culture and the culture of
all your learners in a multicultural school”.

This is similar to what, Atwater, Radzik-March; and Strutchens (1994) who posit that hardly
and teachers incorporate multicultural science teaching strategies in their science classroom.
Their study further argued that incorporating multicultural education in Science; teachers will
be able to assist their diverse students to have a smooth border- crossing from IK to western

knowledge (Aikenhead & Jegede, 1999).

In addition to that, the context in which teachers live and work influences their perception about
teaching and learning, thus, the teachers’ culture influences the way they view their teaching

and learning of school science (ibid). For example, four teachers commented that:
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idea how to integrate IK in their lessons, as this information was not part of their training nor

is it provided in the syllabus.

In the next chapter, the data from the lessons observations and practical demonstration

observations are presented, analysed and discussed.
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CHAPTER 5: DATA PRESENTATION, ANALYSIS AND
DISCUSSION (PHASE 2)

5.1 Introduction

The aim of this study was to explore how Gradel1 Physical Science teachers mediate learning
of concepts on experimental techniques conventionally and through the inclusion of a practical
demonstration on making Ombike. This chapter thus presents analyses and discusses the data
gathered from observations. The qualitative data were inductively analysed and categories
emerged from it. Thereafter, the common categories were combined into themes in relation to

the literature/theory to answer the following research sub-questions 3 and 4:

e How do Gradell Physical Science teachers teach experimental techniques such as
fermentation and distillation

e Does the practical demonstration of making Ombike enable or constrain the teaching of
fermentation and distillation?

I first present the data from the lesson presentations, followed by the data gathered from the

practical demonstration of making Ombike.

5.2 Results from the lesson observations and practical demonstration

The data from the observations of lesson presentations are presented, analysed and discussed
to answer my sub-question 3; while the observations from the practical demonstration are

presented, analysed and discussed to answer my sub-question 4 as highlighted above.

5.2.1 Results from the lesson observations

The data from the lessons observations were analysed inductively to come up with categories.
The codes T1 and T2 were used to identify the teachers while LL stands for statements made
by the learners in class. The marked texts were selected using lesson observation schedules
which were completed through transcribing the video tape recorded during the lesson

presentations.

From the data gathered, it was also evident from the lessons that the teachers considered

learners’ prior knowledge by asking how Ombike is prepared and by asking for any local
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Table 20: Generating preliminary themes from codes

Research sub-question 3: How do Gradel1 Physical Science teachers teach experimental

techniques such as fermentation and distillation?

Teachers’” | Description of marked text from the observations | Categories

Codes

T1, T2 How do you make alcohol at home? What do you Teachers make use of
use to produce alcohol? everyday knowledge

TI1, T2 Mix ethanol with water and separate them using Use conventional materials
fractional distillation due to different boiling points

T1, T2 What do you call a condenser in your language? Cultural inclusivity

T2 You see these bubbles it means fermentation has Learning by
begun, come this side to see how alcohol is coming | doing/seeing/practical work
out, come this side Now let us observe the colour
change for you to see

T2 Ombike is traditional alcohol type made from Language barrier
fermented indigenous fruits, LL - What is Ombike
Sir? LL- we don’t make Ombike at home

T2 This solution we can make alcohol from glucose that | Lack of content knowledge
we extracted from fruits, take this solution and put
in a flask and heat it

Tl Teacher draws the diagram on the chalkboard and Uses of posters and diagrams
uses it to explain and made reference to the posters
pasted on the wall.

5.2.2 Results from the practical demonstration

The practical investigation was done in two parts. The first part was to soak the palm fruits pieces

in water in order extract glucose or sugar to show the fermentation process. Table 21 below shows

the duration of soaking date and time and the observations made. The second part was used to

demonstrate the fractional distillation process.
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Table 21: Shows the duration and observations of fermentation of pieces of palm fruits

Date Date & Observations
Time
07:00 Soaking of palm fruits begins
18.00 At 18:00 foam observed with effervescence/fizzy sound and
almost all pieces of palm fruits floating. Warm water was used
because the ambient temperature was very low to increase that
rate of reaction
27.07.16 | 07:00 No foam.
18.00 No effervescence and pieces still floating
At 18:00 pieces floating, no effervescence
Day 1 observations were caused by the warm water used
28.07.16 | 08:00 pieces still floating , no effervescence
.07.16 08.00 Little effervescence and little fizzy sound observed, pieces still
floating
530.07.16 | 08:00 Bubbles observed/effervescence/fizzy a little more than the
previous day.
Ombike begins to smell, pieces still floating,
31.07.16 | 08:00 Fermentation/effervescence/fizzy sound increases, pieces
floating, smell of Ombike
01.08.16 | 08:00 Fermentation/effervescence/fizzy sound increases, pieces
floating, smell of Ombike
few pieces start to sink
02.08.16 | 08:00 Fermentation/effervescence/fizzy sound increases, pieces
floating, smell of Ombike
more pieces sink
03.08.16 | 08:00 Fewer pieces remain floating, /more bubbles/more
effervescence/more fizzy sound.
19:00 At 19: 00 floating pieces become less and Ombike smell is
stronger.
04.08.16 | 08:00 Only less than ten pieces still floating, very little effervescence.
19:00 At 19:00 no pieces floating/all the pieces have sunk, no or very
little effervescence is observed.
05.08.16 05.08.16 No pieces floating, fine bubbles, smell of Ombike
08:00 This is a sign that glucose is completely extracted from the

pieces of palm fruits and hence the mixture is ready to be
distilled
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5.3.2 Cultural influences

The findings that emerged from this study indicated that the cultural indigenous knowledge
(IK) and skills acquired through the demonstrations by the community member could be used
by teachers to improve the teaching of the topics of fermentation and distillation and lead to
greater understanding by the learners. From the observations made during the lessons and the
observations of the practical demonstration, there was a clear difference in terms of learners’
participation, use of probing questions, learners’ engagement and the interest of the learners.
In some of the lessons presented, the teachers used the question and answer method and
explained the concepts theoretically and only gave example in some instances. I observed that
in these cases the learners were more reserved and the teachers did most of the talking. In
comparison, during the practical demonstrations, there was social interaction and discussion
and the learners asked more questions. These observations resonate well with the study by
Kibirige and Van Rooyen (2006); Millar (2011) and Woodley (2009) who posit that practical

work enhances learners’ engagement, interest and conceptual understanding,

Throughout the investigation I realised that there was a lot of useful indigenous knowledge and
practices that are hidden in the community which could be used more fruitfully in science
learning (Shifafure, 2014; Rennie, 2011). During the practical demonstration of making
Ombike by the community member it was revealed that there is specific scientific knowledge
embedded in the making of Ombike even though it is not known by some educators. The
Ministry of Education who compile the Namibian curriculum and syllabus are also not
explicitly including the use of IK. This could be due to the fact that the teaching of science did
not include indigenous knowledge in their training Van Wyk (2002). Thus, cultural science can
be useful in areas where it is being practised and especially where there is a lack of learning

and teaching materials.

5.3.3 Constraints regarding the inclusion of IK in science classrooms

As indicated in Tables7; 12; 13; 18; and 22, some challenges or constraints that inhibit the
teachers from successful integration of IK were revealed. Although the data indicated a number
of obstacles mentioned by the teachers; ranging from ethnicity, time factor, and misconceptions
among others, the lack of teachers’ training on IK could be the main contributing factor to its
omission. These teachers indicated these challenges in the questionnaires, during the interviews
and they were also observed during the lesson presentations. Interestingly, the same could not

be said when the community member demonstrated the making Ombike. Although not all
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learners were Oshiwambo speaking, the learners were very interested and very observant. They
kept asking the teachers to explain further and also asking other learners to explain more in

their language so they could understand and express the ideas better.

This resonates well with the findings of Maselwa and Ngcoza (2003), who argued that, if
learners are given a chance to bring in their ideas about science and engage in ‘hands-on’ and
‘minds-on’ activities, they are likely to learn more efficiently and at their own pace. This means
that the practical activity enabled learners to learn in different ways, apart from listening which
sometimes creates a language barrier, the learners could observe and manipulate the materials

to make sense of what they are learning.

5.4 Concluding remarks

This chapter presented, analysed and discussed the data collected from lessons observations
and practical observations. The key findings from this data suggest that teachers are aware of
the importance of IK. They also know some indigenous practices from home or their
communities. However, the data revealed that teachers are challenged by the lack of knowledge

(PCK) on how to integrate IK in their lessons.

In the next chapter, the summary of the key findings, recommendations, areas of further

research, limitations of the study and conclusion are discussed.
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CHAPTER 6: SUMMARY OF FINDINGS, RECOMMENDATIONS
AND CONCLUSION

6.1 Introduction

The main aim of this study was to explore on how teachers mediate learning of experimental
techniques using fermentation and distillation of a traditional brew. In this chapter, I first
discuss the summary of the key findings from my study, followed by the recommendations and
areas of future research. I then highlight my personal reflections of my research journey and
lastly conclude the study. I thus present the summary of the key findings in relation to my

research sub-questions:

1. What are Grade 11 Physical Science teachers’ perceptions and experiences with the
inclusion of indigenous knowledge during science lessons?

2. What factors influence Grade 11 Physical Science teachers’ perceptions and
experiences of the inclusion of indigenous knowledge?

3. How do Grade 11 Physical Science teachers teach experimental techniques

fermentation and distillation?

4. How does the inclusion of the practical demonstration on making Ombike enable or
constrain Gradell Physical Science teachers when explaining concepts on

experimental techniques - fermentation and distillation?

The four research sub-questions helped me to answer my main research question:

How do Grade 11 Physical Science teachers mediate learning of concepts on
experimental techniques conventionally and through the inclusion of a practical
demonstration on making Ombike?

6.2 Summary of the findings

Research sub-questions 1:

What are Gradell Physical Science teachers’ perceptions and experiences on the
inclusion of indigenous knowledge during science lessons?

The data that emerged from the teachers’ questionnaires and the teachers’ interviews strongly
highlighted the importance of IK in science classrooms. Similar to Webb’s (2013) findings, the
teachers, especially the female respondents, showed some awareness of IK by defining the term

IK and giving detailed examples. The teachers highlighted the issues of cultural heritage and
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dignity which underlines the necessity of an IK school curriculum. In addition, the teachers felt
that IK as a tool the can be used to enhance learning. For example, TIQ2F and T15Q2F
explained that:

“IK sets a good link with academic knowledge to be learned at school” (T1Q2F) and
“IK improves learners’ understanding and applications” (T15Q2F).

The above excerpts resonate well with the research studies by Le Grange (2012) and Simasiku
(2016), who posit that integrating indigenous knowledge into science lessons helps learners to
make connections between the indigenous and western worldviews. Thus, the science teaching
that acknowledges learners’ knowledge and culturally-based ways of thinking has the potential

to make science more meaningful to learners.

This concurs with the teachers (T13Q2F; T16Q2F; T1-I and T2-1) who affirmed: “/K makes
the lessons interesting” and “IK improves performance”. This links well with what Roschelle
(2009) and Khulane (2011) argued that, learners understand better when the materials presented
to them is familiar. This suggests that when the teachers do incorporate IK in their lessons
learners tend to probe more and there are increased social interactions between the teacher and
learners and among the learners themselves. Thus, social interactions enhance meaningful

learning as stated by Vygotsky (1978) in his seminal work.

Social interaction also occurs through the use prior everyday knowledge as a mediating tool.
When the teachers consider learners’ pre-knowledge, in this case when the learners are asked
to explain the process of making Ombike this will enable them to link the process of making
Ombike to the fermentation and distillation process. Thus, the learners will start to make sense

of what they are learning as reiterated by Kibirige and Van Rooyen (2006).

Research sub-questions 2:

What factors influence Grade 11 Physical Science teachers’ perceptions and experiences
on the inclusion of indigenous knowledge?

For this research sub-question two aspects emerged from the data as factors that influence
Grade 11 Physical Science teachers’ perceptions and experiences of the inclusion of indigenous
knowledge. These are the benefits and challenges the teachers experienced when integrating
IK. The most highlighted prospect of IK is the expertise possessed by the community members.
The teachers think that when the community members/experts are involved in their children’s

education, this motivates and enhances participation and improves their performance. Thus,
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this involvement gives value to IK as a body of knowledge. These findings are supported by
Klein (2011) whose study was done in ||[Kharas Region. He found that, the involvement of
parents in school activities reduced learners’ dropout rate and increased learners’ involvement
in and attendance at school activities and that eventually led to improved performance. Webb
(2013) also argued that, involvement of community members may add value to a sense of
cultural heritage and dignity. The findings in this study thus strongly correlate with Webb’s
(2013) findings that the majority of teachers indicated the benefit of IK as cultural heritage
preservation. In a same line of thought, Cocks, Alexander and Dold (2012) also suggested that
IK enables the maintenance of the cultural heritage and environmental factors. These suggest
that the learners and teachers need to add value to their practices in the communities for the

future sustainability of their culture.

The teachers also highlighted that the inclusion of IK enhances understanding. The process of
making Ombike is a practical process that involves a hands-on and minds-on activity using
easily accessible resources (Asheela, 2017, Maselwa & Ngcoza, 2003). The process also
involves the manipulation of materials that are familiar to the learners. Thus, the learners tend
to make sense of what they are learning and tend to remember the concepts learned (Millar,
2004). This makes learning more meaningful since practical activity/demonstration of making

Omobike bring the reality into the class and this make science more relevant.

In contrast, the teachers also highlighted some factors as challenges that influence their
perceptions and experiences of the inclusion of indigenous knowledge. To this end, the
findings revealed that the inclusion of IK during teaching is time consuming and these
indigenous resources are not easy to get in some areas. These findings concur with Shizha’s
(2007) findings which indicate that teachers struggle to incorporate IK because the curriculum
does not make provision for how IK should be incorporated. Furthermore, Shizha, (2007)
argued that the curriculum of teacher training is western based and does not include IK. Thus,
the teachers mostly teach the way they were taught at the institutions of higher learning. The
teachers’ findings reveal that they teach to complete the syllabus and since the IK is not part of
assessment, including it during school time may hamper the completion of the syllabus on time

which is what the assessment is based on.

Another challenge that emerged from the findings are the misconceptions that are associated
with IK. Teachers in this study seemed to be sceptical of whether the indigenous

practices/experiments/activities will give correct results. As argued by Ogunniyi and Ogawa
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(2008), IK is perceived as old science that is backward and outdated since it is not scientifically
proven. Mukwambo, et al. (2014) complement Ogunniyi and Ogawa (2008) and the teachers’
findings that, although IK is widely researched over the world and many findings have shown
the importance of IK, they noted that not all IK is relevant for teaching purposes and if IK is
not properly used it might lead to misconceptions on behalf of the learners. This means that,
due to cultural norms and beliefs, teachers might confuse the learners if myths and science-

based IK are not clearly defined.

For example, T2-I cautioned that: “/ think one must have strong cultural knowledge/
background and in our curriculum not all the topic you can relate IK”. The teachers in
multicultural schools are challenged by the languages and culture of their learners which is
different from that of their teachers. The teachers further highlighted that it is very difficult to
incorporate IK in multicultural schools. The teachers claim that it is sometimes not possible to
give an IK example for their culture since their learners are from different cultures they tend to

struggle to gain any meaning from it. For example, T1-I explained that:

“Sometimes you find yourself teaching up to 12 ethnic groups in one class. So, to force
them to listen to your explanation how the Herero people do, sometimes they might
even tell you that I have nothing to do with a Herero culture. I am not a Herero and 1
will never a Herero, So, ethnicity and the availability of materials, i.e. making Ombike
in the South requires one get materials from the north”

The learners’ attitudes toward IK play a very important role in the inclusion of IK. This
correlates with Webb (2013) whose study found that learners have a negative attitude towards

IK; they perceive science as what is written in the textbooks.

Research sub-questions 3:

How do Grade 11 Physical Science teachers teach experimental techniques fermentation
and distillation conventionally?

In answering the sub-question 3, the teachers were interviewed about their current practices
through the lesson presentation observations. The findings that emerged from the interviews
indicated that the teachers use conventional materials to do practical activities in the science
laboratory and explain by linking IK to the content taught through making references to IK
activities at home such as making Ombike. In some cases teachers taught theory and gave
examples only. For example, T 1-I confirmed that: “Jaa ...I include it when I talk about how
we produce our own juice or traditional like in my language Oshikundu. How do we produce

it?”
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A: T1 very much important, because we allow their interests
Q: R In general, what advice can you give to the institutions of higher learning like UNAm as well
as to the MoEAC and NIED who train teachers and develop educational documents we are

using, in terms of IK integration?

A:T1 You know that one will be difficult because we are living in a country where we have different
ethnicgroups, but I will encourage these people that we must include our indigenous concepts so
that our learners ..... even if we lived 50 years from now our African culture cannot be swallowed
by by the western culture world.... So that our African culture cannot be swallowed by the
western culture.

Q:RFor how long now you have been teaching Physical Science?

A:T1Nine (9) years

Q: What did you find interesting or useful about teaching the topic experiment techniques:
fermentation and distillation?

A: T1is more of a practical then kids are learning by discovering they are learning by doing.

Q: How did you include the concept fermentation when teaching the topic Fractional Distillation?

A: T1Uuuhm... What is the question again.. You have to put fo mix these fruits for weeks or for eight
days and they have to ferment and affer that one you have to fractional distil alcohol from

glucose that’s what we do

Q: R Basically what I wanted to find out. is.. because in the syllabus the fermentation part is not
there although we know it come first before the fractional dist part we need to ferment

A: T1lJa... The content need to ferment.

Q: RWhat are some of your “aha” fascinating moments when teaching the topic experimental
techniques especially the fermentation and distillation concepts?

A: T1 Proving the scientific methods and then I have done it a traditional way which was very
interesting to the learners not only in the scientific lab but even at home in our African homes we
can also do some of these scientific methods of separating like fractional distillation in more
traditional way.

Q: RCould you please tell me about your experiences of how you were taught this topic-
fermentation and distillation at school?

A: T1Luckly /... I am from one of the rural areas where that one happened in African way and when
Iwent to school how it was taught almost the same way it was done at home.

Q: RSo the teacher tried to ... ...

A: T1 When I went there I was having the prior knowledge of how its done at home in school practice
is done in a traditional way

Q: RSo.... the teacher tried to incorporate IK?

A: T1Very much
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Q: RCould you please tell me how you are currently teaching these topic-fermentation and distillation
during your Physical Science lessons?

A: T1Fermentationuuuhm. I touch about it when we were doing acids. Then I explained to the
learners We did it with the learners to uuhm.. uuhm. ferment the Omaere, what Ovaherero
people use then to to make or to produce Lactic acids that we found in a sour milk is kind of
fermentation that one. And some traditional beer like Oshikundu is a result of fermentation
that one. Fractional distillation I explain in the lesson.

Q: R Do you include IK when teaching experimental techniques - fermentation and distillation?

A:T1 It necessary to include it, simple because I am teaching people uuhm.. learners from different
ethnic groups although some grown up in towns and never know those traditional method but
for these who knew it it was an experience for them but we include both scientific and
traditional one, although all of them are having same results

Q: R Okay you said you are the incorporating IK
A: T1Yes

Q: R How do you incorporate them when u a teaching do you ...do you make reference IK or do
bring I practice or Indigenous technologies

A: T1 Normally you can do the scientific one and most interesting is the traditional one where you
try to bring all traditional materials you can make use of toto.. do traditional distillation of
alcohol or fractional alcohol form glucose or use both but the traditional methods is more
interesting especially for learners who grow up in Town.

Q: RHow do you incorporate IK in this topic when teaching? Do you make references when teaching
or do you make practical activities or technologies when teaching this topic

A: T1 You can do the scientific one but the more interesting is the traditional one .. .to do your
fractional distillation of alcohol

Q: R What are some of the examples of IK / practices did you try to incorporate when teaching this
topic?

A: T1 Fermentation most of the traditional beers are brewed through fermentation and fractional
distillation like the Ombikemost of the ... in Southern African most of ethnic groups they use
that one.. Like the Kavango people, in Zambia also, in Angola also and in Namibia they do that
fractional distillation.

Q: Could you tell me why you do not include I in your teaching?
A: Tl
Q: What problems did you experienced/ encountered when you try to incorporate IK in your lessons?
A: Tl
Q:R Do you think it is necessary to incorporate IK when teaching Science? Give reasons
A: T1 Ja.. because we are teaching people from different ethnic groups, so people need to learn other
peoples’ culture, ‘then..thats one way of making the lesson interesting and also uniting the

people you are teaching. That people will not concentrate on their ethnic groups but rather on
the scientific concepts that we want them fo learn.
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What are some of the example of IK or practices did you try to incorporate during in this
topic

A:T2

| talk about the Traditional Liquor, traditional juice and traditional jam that is what these
are practice | have tried to incorporate

Do you think is necessary to incorporate IK when teaching science and if so provide
reasons

A:T2

Jaa.. It is very important as | said before because we are taking what we know from home
and use it in to the new development ... a modern science we are learning. It is very
important, it help people to understand it easily because they have already the
background

What your views in general on the inclusion of IK in P.Sc not only in this topic but in P.Sc. in
general

A:T2

My views is very important as | said before because we are taking what we doing at home
and make it into our lesson which help the learners to understand any topic in P.Sc easier
because they have got already a background is just like similar like what we doing at home
it make them easy to understand. That’s my views.

In your own views what are your perceptions or experiences when you teaching science as
far as the inclusion of IK is concerns?

A:T2

Jaa...it makes the lessons interesting on other hand some of the experiences there are
learners who do not have IK, they are cultures, learners are mixed now you find it difficult
because some of them they don’t have IK, it is difficult for them to understand. Like the
coloured and Basters they don’t have IK. They try to relate what they have seen home or
culture although not really indigenous. They want know. Their culture is similar to the
westerns. Their culture is similar to what is written in the books.

What factors influence the Grade 11 P.Sc teachers’ perceptions and experience on the
inclusion IK?

| think one can have strong cultural knowledge background that’s one of them. One can
have strong IK and also depend on where the person is from i.e. from rural or in town. If
person was born in town it is difficult to incorporate IK. It is difficult to understand your
own culture and the culture of all your learners in a multi cultural school. | ask them how
they do it intheir culture and we incorporate it

QR

How are you currently teaching the topic E T- fermentation and D

A:T2

Uuuhm..distillation we use it when we were talking about the separation of crude oil that
how | use it one and fermentation e talk about of production of ethanol from glucose.

Did you try to do any practical activity regarding this topic?
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A: T2 | The practical activity that only we did was fractional distillation the separation of ethanol
and water, fermentation we did not do any practical activity

Q: R | What were the challenges that hinders to do a practical activity on fermentation?

A: T2 | Jaaa..The fermentation was that where | can get the fruits that | wanted to use... | did not
have fruits to use

Q: R | Does the practical demonstration of making Ombike enables or constrain you when
explain the concepts on ET especially on the concepts F and D

A: T2 | It enable us to explain the concepts very well, because from the there.. just from the first
steps of making Ombike we were able to show the learners the fruits and how they were
made until fermentation took place and we show the learners the distillation process of
Making Ombike

Q: R | What are the constrains/ challenges that you think come with this process of making
Ombike

A:T2 | It depend on where u find yourself do you have the necessary fruits to use do you the
necessary apparatus like these condensers, do you wood- some of areas do have wood
those are some of constrains.

Q: R | Do you think you can able to may be negotiating with community experts to invite or take
your learners to observe and you explain the process there?

A: T2 | | can say that is one of the constrains because you need someone who have knowledge on
how to make Ombike you need an expert who know how to make Ombike. You need to
find some people who can explain the whole process of making Ombike.

QR

A:T2 | In my view is good idea to include IK in our P.Sc. may be the only challenge it depending on
how many topics we have in our syllabus or in our curriculum can include IK because is not
all the topic you can relate to our IK. But its good ideas it coming from the background in
our environment.

Q: R | What do you think the MoEAC can do to make this one a success, either the MoE,
institutions of higher learning or the other stakeholder like NIED that develop syllabuses
and so on. What advise you can give them to make sure that this dream of including IK in
science is realised?

AT2 | Jaa... | can give my advice is that, first thing is they have to identify the topics that are in

the curriculum that easy first to relate to or can use indigenous language. Then after
identifying then they have go and to invite teachers and have workshops and ask the IK in
these topic and bring in the aspect like community members who are practising those
Indigenous things before they decide on everything.
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PART B: Teachers’ perceptions and experiences, strategies that influence the teachers, current
teaching practice and the inclusion of Indigenous Knowledge / local knowledge

1. What do you understand by the term indigenous knowledge?

T1F- local natural knowledge and expertise possessed by the local community.

T2F - IK is the local knowledge that is unique to a given culture or society. It is the basis for local
level decision making in agriculture, health care, food preparation, education, natural
resources management and a host of other activities in rural communities.

T3F — IK is the local knowledge that is unique to a cultural or society.

T4F —native knowledge or prior or existing knowledge that someone already has which is based on
physical science.

T5M- The understanding of cultural norms and values

T6M — Knowledge obtained from your own environment / society. This knowledge can be about
local trees, language, and people.

T7F- Knowledge that we gain from our local environment but not scientifically proven.

T8F- Is driven from local community and it oppose scientific knowledge / or it is not scientific

proven.

TIM - Blank

T10M — knowledge based on the community where people live

T11F — Is the knowledge about our traditional norms, terms and vocabulary we use to describe or
demonstrate something.

TI2F — IK refers to knowledge that is from a specific area, meaning its not brought in from
elsewhere. In other words it can be called local knowledge.

TI3M — IK is the knowledge acquired naturally by using resources around you.

T14F -Knowledge that is unique to a given society or culture and it is local based knowledge.
TI15F - Indigenous Knowledge to the local knowledge that is unique to a given culture or society.
TI6F - Is the local knowledge that someone has from his / her background environment.

T17M - Knowledge obtained from our fore-fathers without being formally taught. Often this is
obtained through oral methods

2. What are your perceptions on the inclusion of indigenous knowledge during Physical Science
lessons?

TIF- IK is of higher necessity since there are linkages between academic knowledge and local
knowledge.

T2F- IK is the information base for society, which facilitates communication and decision
making, which facilitates communication and decision making. Indigenous information
systems are dynamic and continually influenced by internal creativity and experimentation
as well as by contact with external system.

T3F — IK help the learners to improve their understanding and applications, it also helps them to
develop conceptual understanding and scientific epistemology, it generates casual theories to
support claim it offer evidence to support theories.

T4F — It better to have prior knowledge of a topic and then one can link it to the new knowledge

that needs to be learn.

T5M — Incorporating culture and link to the scientific perception and modern scientific principles

will play a vital role in correcting IK and physical sc.

T6M — according to my understanding, phy.sc. is the subject that is more on non-living / substances

and discover new things. Therefore I think it can be used in our lessons.

T7F - It’s a good to allow learners to apply the knowledge they have learnt from their community
so that they understand better what is happening and also to clarify some misconceptions.
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T8F— This is where the theory of moving from knowledge to unknown come into play, learners
are already exposed to IK from home and will be easier for them to link what they know to
what they do not know.

TIM — Blank

T10M — It help pupils on their assumed knowledge

T11F — It will be very helpful to include use of indigenous knowledge especially when references

fo certain examples such fermentation, purification, distilled, filtration, but this can only
be helpfill when teaching one group of culture.

T12F- [ believe it is a great opportunity for learners to learn about their local experiments and
apply it in the real world. It will also help learners in a great deal as most of the
experiments examples given in the book are foreign fo the learners and materials are
unavailable.

TI13M — makes the lessons interesting. Learners will be eager to learn and they will learn better by
seeing.

T14F - It makes learners to acquire ideas that things do change from time fo time. If you refer them to
indigenous knowledge they will know what you are talking about. e.g. Filtrating funnel let
say you don't have it. Refer them to Omakwila.

TI5F - From my point of view, the inclusion of indigenous knowledge in physical science lessons
will help the learners to understand the subject content into details. The reason being
learners are exposed to real life examples, on how they apply science in their community.

T16F - Including the local knowledge of a teacher when teaching may improve the performances of
the learners due to the reason that the teacher understand the subject well and be able to
explain it well from his/ her own knowledge.

TI17M -The inclusion of indigenous knowledge will enhance understanding of the concepts and
mastery of the skills.

3. What factors do you think influence your perceptions on the inclusion of indigenous knowledge
during Physical Science lessons?

T1F - Some local community members posses more knowledge and understanding in similar themes
or topics that are taught in Phy. Sc. Some of the knowledge / facts need to be developed to
fit more in modern scientific contexts.

T2F — Observing that sorghum is used in flour when making traditional beer and it assumed that
it is important for fermentation.

T3F — blank

T4F — It can endanger learner or might mislead learners since it is not scientifically proven.

T5M -Modern technology and indigenous beliefs, cultural norms and values, traditional beliefs
and religious.

T6M — our old / grand parents have been using different techniques to solve their problems, that
is similar to what is done in physical science.

T7F — safely of instruments to be used, some are not reliable or will not give accurate results.

T8F — It can endanger learner or might mislead learners since it is not scientifically proven.

TIM - Blank

T10M — pupils use it to apply it to the lesson’s understanding

T11F — The fact that we teach multi diversity of different Namibia culture or tribe and another
child from another tribe might understand which I am trying to trying to say/ demonstrate.

T12F- Availability of materials, availability of local experiments that pertain to physical science.

TI13M — Time consuming and lack of resources.

T14F - Language barrier e.g. Omakwila is Oshiwambo word so Damaras won't know what you
are talking about. Vocabulary that you can use from indigenous knowledge. Cultural
difference/background of the learners.
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TI15F - Lack of natural resources / conventional material suggested to be used in the lesson/
syllabus

TI6F -1. The number of learners per class-too many learners will cause the teacher not to use
his/her indigenous knowledge when competencies in the syllabus and leave the real life
experiences relating to a specific topic in physical science.

3.background of the teacher and the learner- sometimes the background where the teacher came from
is not the same as the learners so it will be difficult for the learners to understand what
example the teacher is giving as his/her indigenous knowledge

T17M - The inclusion of indigenous knowledge will enhance understanding of the concepts and mastery of the
skills Information obtained orally and from our keen seems easier to understand and
eliminates the effect of cramming. This information reduces the issue of having many notes
and diagram cramming (rote or remote learning.

4. What are your experiences of indigenous knowledge that might relate to western or scientific
ideas or process from the topic experimental techniques - fermentation and distillation?

(a) At your home?

T1F — brewing local beverages and preparing of Oshikundu.

T2F — Learning from grandmother how she is using scientific knowledge by preparing fermented
fruits to prepare ethanol through fractional distillation.

T3F — there are more activity involved that are locally done but in relation with fermentation for
example, the fermentation of Oshikundu traditional drinks.

T4F— one carry out different experiments in the kitchen which is based on baking and cooking
and this also includes measuring for fermentation and distillation, no experience.

T5M — The use of fire and scientific principles, the production of homemade brew and modern
fermentation like Magau, !Uri-lkhari, traditional and practice of distillation of “Kaal
gat”.

T6M — Fermentation at our house is done by preparation Ovambo liquor / Oshikundu distillation
— this process has been used in the past when we did not have clean water. What is been
done was,

T7F — haven't experienced

T8F- I am not aware of it.

TIM - Blank

T10M — Brewing of traditional beer (Kashipembe) — for both fermentation and distillation and

making traditional drinks (Oshikundu) — for fermentation

T11F — brewing of traditional drinks /beers such as Tombos, Oshikundu, Omalondu, Ombike all

these, drink are being fermented.

T12F — the brewing of “Wambo liqguor™.

TI13M — Distillation of dirty water to make them consumable.

T14F - When brewing traditional Vambo liquor, fermentation comes in when you put dry fruits in water
fo activate the enzymes and glucose in fruit is turned into ethanol. Indigenous couldn’t
explain and give reason for things. Distillation is just to separate the mixtures. (eg the
reason of putting water in the condenser).

TI5F - In Oshiwambo culture we make the home brewed alcohol called Vambo liqueur, it can be
produced using the process of distillation.

TI16F - Distillation- people in the northern part of the country make the traditional liquor
(OMBIKE)..the process include different types of Wambo fruits mixed with water and then
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T11F — We brew many different kinds of indigenous alcoholic drinks and beers from our local fruits,
such as watermelons, Marula fruits, palm fruits and cereals.

T12F — Brewing of Tombo, whereby Sorghum is soaked in water with sugar to make an alcoholic
drink. This use of Watermelon to make beer (homemade drink).

TI13M — Using Sorghum to produce a traditional alcohol drink named “"Tombo’.
TI14F - We put “ongudo” to act as a catalyst when we are brewing Oshikundu.

TI5F - It is easier and a cheaper way to make homemade alcoholic drinks. It only requires the necessary
skills for and resources for one to come up with the homemade beer.

T16F - Palm fruits (dates) and berries are used by different people in the northern part of the country
to produce the Wambo liquor.

T17F - brewing of beer was done commercial by old mothers to earn a living and send some children
to school. The beer is called kachasu.

6. What were your experiences on the inclusion of indigenous knowledge in the topic experimental
techniques- fermentation and distillation during Physical Science lessons?

(a) When you were taught as a learner?

T1F- I was not real well informed of what happens during fermentation however all the
necessary process were outline to me during the preparation of beverages.

T2F — | found it most comfortable and most effective in learning culture in class, | was already

familiar with fermentation through traditional knowledge I learned from home therefore
it was very easy for me.

T3F — On the home —made drinks is the brewing of traditional drink like Omalodu, Oshikundu and
Vambo liquor.

T4F — When | was at school we did not had such a topic. | only learn about it when | started
teaching. That was in 2005. | can only remember that one of my principals at high school
which was a science teacher made pure alcohol. But he did it on his own.

T5M —N/A
T6M — This was just done theoretically

T7F — It made me understand the process very well and links the knowledge that | learnt at
school with what was going on at home.

T8F — cannot recall

T9M — blank

T10M- very easy to grasp because it is knowledge from home to school

T11F — The experience as a learner was more on distillation. When we were taught about
purification methods, various demonstrations such as those of purifying river water by

distillation methods etc.
TI12F - None. An example of making Wambo Liquor was only use, theoretically but no experiment

was done to demonstrate how the process takes place.
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TI13M - as a learner | was just exposed to theory and teachers usually refer to the homemade
drinks as an example due to lack of resources.

TI14F - It was not well explained/well integrated

TI5F - I realized that we have been using scientific skills in our daily lives unknowingly, because the
production of Vambo liqueur can exactly be compared to fractional distillation.

TI16F - In high school we were taught how the Wambo liquor is made by our science teacher as
her indigenous knowledge. We did practical on distillation of separating different
impurities using a Liebig condenser and a conical flask.

T17F — the lesson become live and vivid. More participation with little attention to new
terminology.

(b) At tertiary institution?

T1F — Procedures were then well explained and I could reason as why fermentation took place and
why alcohol boils off first before water.

T2F — N/A

T3F —This is the time-/ start relating the learned knowledge and with the scientific point of view.
T4F — yes at College we started to learn about the topic.

T5M — N/A

T6M — AtCollege we learned about the topic theoretically.

T7F — I was not exposed

T8F — cannot recall

T9M — blank

T10M — It was easy because it is the knowledge applied was best on the experience from home
and school.

T11F - At tertiary it was more on both distillation in the topic of separation method and
fermentation was on organic chemistry topic of alcohol formation by fermentation.

T12F — none
T13M — Theory has been proved with experiments — resources were available.
T14F -It was not well explained
TI5F — N/A.
T16F - 1 didn’t do any practical on distillation or fermentation at the university

T17M -More attention was paid to the processes and terminology.

7. Currently as Physical Science teacher, have you ever used indigenous knowledge in your
teaching?
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T6M — N/A

T7F — I have not come across a topic which required me to use indigenous K.

T8F - lack of IK relevant to phy.sc.

TIM — blank

T10M — explanation of the separation of ethanol and the fruits (distillation), can be used to explain how

to separate two liquids which have dissolved into one other

T11F-Ondistillation, collected river water, heat it until it's’ boil, and filter it to demonstrate purification
through distillation on fermentation, I heated a ripe water melon using a flask, pipes to
demonstrate the fermentation of the alcoholic traditionally known as Ombike.

TI2F — blank

TI3M — water is heated, a delivery tube from the water to collect the water vapour, water vapour the
condenser and collect it in another container.

T14F - When brewing traditional Vambo liquor, fermentation comes in when you put dry fruits in water
to activate the enzymes and glucose in fruit is turned into ethanol. Indigenous couldn 't explain
and give reason for things. Distillation is just to separate the mixtures. (e.g. the reason of
putting water in the condenser.

TI5SF-N/A

TI6F - 1 tried linking the content of separating mixtures with the method of fractional distillation with
the fermentation of fruits and distillation of the liquor as the last step of the process. From the
local environment

TI7M — N/A

(c) If NO, what could be the reasons why you never used indigenous knowledge during your science
lessons?

TIF-NA

T2F - N/A

T3F - NA

T4F — My experience is practical still needs a lot of boost

T5M - N/A

T6M — N/A

T7F — I have not come across a topic which required me fo use IK.

T8F- Lack of IK relevant to P. Sc

TIM — blank

TI10M — N/A

TIIF - N/A

TI12F — I am currently not teaching Physical science even though I did it at high school and I did at
tertiary institutions as my specialization.

TI13M — For fermentation is due to lack of resources.

TI4F — N/A

TI5F -Due to lack of natural resources specifically indigenous fruits, it made it impossible to use
indigenous knowledge in physical science

TI6F — Blank

T17M - pupils will have a tendency of sticking to the examples and forget the new information taught.
There will be great struggle to clear the minds of the old concepts mastered by the pupils.

8. What do you think what could be the reasons why other Physical Science teachers
(a) Include indigenous knowledge during Physical Science lessons?

T1F — show cultural respect, form a link with the community and sustain cultural knowledge.

T2F — Because it will remind learners of the features of their own culture.

T3F — To make the subject more locally based and they are able to apply scientific term into everyday
life experience.
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T4F — to expose learners to pratical and to make physical science interesting and joyfull, also to
broaden learners’ knowledge.

T5M — learners will compare with read like objects and scientific principles.

T6M — I think is just to bring reality in the classroom.

T7F — To include prior knowledge so that learners can relate to surrounding knowledge and what has
been scientifically proven, for learners to understand the work very well.

T8F — To see whether indigenous product will give the same outcomes in an experiment in experiments
as scientifically proven theory. Lack of scientific proven products / chemicals.

TIM — blank

T10M — To make learner understood easily

T11F — Because it us to better make learner understanding these scientific terms better when we
demonstrate it through our indigenous knowledge, because some learners are exposed to
these methods in everyday life hence they will better understand the link between these
terms and their everyday use at homes.

T12F — They include it, because they have knowledge of it. Others find it a good example as to use the
things that learners have seen or know off unlike many other experiments in the textbook.

TI13M — Drill learners pre-knowledge and to allow learners to share ideas.

TI14F - It will make learner understand and it will be easy for them to understand when the teacher is
explaining

TI15F - It might be that they want to relate science to real life situations, where can it be used. Secondly,
it might be that they want to make it easier for the learners to remember the information
and make it easier for them fo learn the subject content.

T16F- Teachers include indigenous know so that the learners can see the relation between science and
their daily life experiences. Sometime learners understand better when they can relate subject
content with reality. To make topics interesting for the learners.

T17M - if there is a common practice which is an obvious case that everyone in the area had come
across, this implies that the teacher we use the indigenous knowledge without doubt.

It will also be very difficult for a teacher to ignore what is on the finger tips of the learners as
their assumed knowledge.

(b) Do not include indigenous knowledge in their lessons?

T1F — not confident whether it will work, no trust if they can get concrete information, lack of proper
planning.

T2F —They perhaps think is the old education, or they viewed it as a backward to western scientific
knowledge.

T3F — when they do not have knowledge on how to apply the local knowledge.

T4F — Do not have enough knowledge how to incorporate it in to their lessons.

T5M — No

T6M — lack of traditional knowledge of doing things / not common in the locations.

T7F — They might not want to confuse the learners with information which is not scientifically proven
or something that they could refer to as a myth.

T8F - Fear of unknown outcome. Lack of skills to use IK by some teacher. No included in the syllabus.

TIM — blank

T10M — some lack indigenous knowledge

T11F — They might not be exposed to this indigenous knowledge or they might be ignorant, lack of

time, due to teaching multi-diversity learners within a school might be difficult.
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