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ABSTRACT

The study is an exploration of how physics teachers can integrate indigenous knowledge systems
(IKS) through using indigenous artefacts when teaching Advanced Level concepts in mechanics.
It adds to the growing body of research on decolonizing indigenous curricula. The researcher
was motivated by the negative effects of colonization in physics education, lack of
contextualization when teaching Advanced Level physics, both of which make the subject
difficult for learners resulting in low pass rates, high dropout rates, and loss of interest in the
subject. The study also seeks to empower local communities of elders, teachers, and learners to
participate in their education. The study was conducted in Masvingo District, a rural area in
Masvingo province in Zimbabwe. It identified and explored a variety of indigenous artefacts that
can be integrated in the teaching of physics. The artefacts are thus cognitively valuable in
providing culturally sensitive scaffolding or meditational tools that facilitate deeper
understanding of mechanics concepts.

Theoretical frameworks of Vygotsky*s sociocultural theory grounded in an indigenous research
paradigm and humanity/Unhu/Ubuntu were used in this study. A transformative participatory
Research (TPR) design was employed. Qualitative data were generated from a purposefully
selected sample comprising 18 teachers, 15 learners from each of the three high schools and 22
elders from the community. The following research instruments were used in the study:
observations, questionnaires, individual interviews, and focus group discussions.

The findings revealed that the twenty indigenous artefacts identified in this study could be used
in physics for conceptual teaching. The findings pointed to a culturally aligned, decolonizing,
and contextualized and community acknowledged pedagogical science-IKS model which allows
enrichment and understanding of physics concepts through IK artefacts, without challenging the
fundamentals of traditional physics principles. The study implies that physics concepts can be
understood through the indigenous knowledge systems of teachers, learners and the community
together with the associated IK artefacts.

The researcher recommended that IKS and associated IK artefacts should be integrated in all the
components of the teaching processes and the school infrastructure should also promote the

integration of western science with IKS.
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Chapter 1

INTRODUCTION
1.1 INTRODUCTION

The way that Physics is taught often makes it far removed from the daily life of learners. This
can be a challenge when they try to access the concepts in physics and so they experience it as a
difficult subject. This study is about Integrating Indigenous knowledge (IK) artefacts and IK
strategies in teaching mechanics concepts like force, momentum, torque basing on insights from
community elders, physics teachers, and learners. It concentrates on the integration of IK
artefacts in the teaching of mechanics concepts in Advanced Level (A level) physics. The study
concentrates on the artefacts and knowledge that are rooted in indigenous knowledge systems
(IKS) in Zimbabwean culture, which could enable learners to understand mechanics concepts. It
does not focus on everyday knowledge in general, but rather is focused on teachers helping
learners to understand physics concepts through relating their indigenous knowledge (IK) to the
physics content. The study attempts to carve a space in the physics curriculum and pedagogy by
rediscovering, re-enacting, reclaiming, and revitalizing lost culture; thereby exploring different
ways of knowing. The study is also aimed at advancing useful educational ideas and pedagogical
styles that are already used in Africa, and in Zimbabwe, in particular, while not rejecting or
being opposed to western science and knowledge systems. Accordingly, this study while noting
the hegemonic influences of IKS, avoids enslavement by such a knowledge system, with the

corresponding displacement and suppression of western scientific ideas.

Physics is the most fundamental of all learning areas in science and Pauloekee (2010a) argues
that people understand broader sciences through the concepts developed in physics. Physics
forms the basis of current and future technologies. Science in general and physics in particular,
forms the foundation on which indigenous technology is built (Banigo, 2000). Pauloekee (2010a)
also argues that many of the tools on which the advances of science and technology depend are
direct products of physics. Banigo (2000) contends that no indigenous technology programme
can exist without a good knowledge of science in general, and physics in particular. Furthermore,
the application of physics principles to develop indigenous technologies helps in



the production of valuable goods or artefacts that can conform to modern standards and can be
marketed even beyond traditional communities. Zingu (2004) posits that creators and users of
new technology, as well as adapters and users of acquired (transferred) technology, need
significant physics skills.

Kofi Annan, the former UN Secretary General, pointed out that throughout the developing world
on-going tragedies that are directly tied to outbreak of diseases, poverty, and environmental
degradation are due to lack of access to physics (Pauloekee, 2010b). Physics can be used to
design ways of combating climatic change, and to develop cleaner energies and technologies that
will decrease the damage to our planet. Potvin and Hasni (2014, p. 100) adds that a strong
schooling in science and technology is often perceived as a good way to be spared from
poverty.Zimbabwe therefore requires a scientifically literate society, with scientists and
technologists who can sustain its developing economy and address a wide range of social,
economic and environmental challenges (Gudyanga, Gudyanga, & Mutemeri, 2013). The failure
by Africa to produce the critical mass of scientists needed to keep abreast with technological and
industrial developments that are taking place elsewhere is due to teaching of science out of
context (Gwekwerere, Mushayikwa, & Manokore, 2013).

Physics is required for many important careers in the sciences (Angell, Guttersrud, Henriksen, &
Isnes, 2004). Passing the subject at school can ensure access to tertiary and technical education.
Science education is a key indicator of a country’ potential for producing a scientifically literate
society, which is a prerequisite for development of a physics tradition and technological and
economic advancement(Zingu, 2004). Zingu (2004) adds that a physics culture is crucial for the
successful development of technology and advancement of any society’s economy. The teaching
and learning of physics in schools must, therefore, be properly planned and executed. Evans
(2013) argues that learning occurs in different contexts in different parts of the world. Each
context has its own different conditions, systems, contents, and methods of education; hence
physics as a subject should not solely depend on the western world for input into its teaching and
learning. Phenomena associated with Physics occurring in a particular context can be viewed

using the eyes or cultural lenses of the people in that particular context. This indicates that



Physics as a discipline can be viewed and understood through different ways which can bel
believe that if the content and pedagogics of the physics curriculum are well selected and
contextualized in terms of the learners™ cultural background, learners should be able to
understand concepts better and so pass both internal and public examinations. Learners in high
school are expected to develop an interest in learning the ideas and skills from physics and
applying them in their general life. At the same time, they are expected to know appreciate their
culture and acquire their community*s historical indigenous science and technologies. They are
also expected to solve their community“s problems, using both western scientific and indigenous
knowledge in creative ways for local contexts. According to Emeagwali (2003), high school

learners should acquire sufficient knowledge and skills to be able to participate in their societies.

However, this is generally not the case among learners emerging from the advanced level
Zimbabwe Schools Examinations physics curriculum. My teaching experience suggests that the

physics content and pedagogy are too abstract and are based on only western science examples,
. . . . . . h
which have little connection to the everyday lives of African Zimbabwean learners. At the 6t

Southern African Association for Research in Mathematics, Science and Technology Education
annual conference held at the University of Zimbabwe in 1999, Southern African science
educators unanimously agreed that science was being taught out of context (Gwekwerere et al.,
2013). | believe that, to connect informal home learning with formal academic learning, some
contextual aspects of the physics curriculum need to be adjusted so that learners understand the
concepts through their own culture and indigenous experiences. Physics learning can be enriched
by contextualizing the curriculum so that it is infused with local knowledge, by integrating
culturally based artefacts, activities and teaching materials into instructional media, classroom
activities, and the school environment, while using familiar cultural pedagogical styles and
assessment tools. Such integration should go beyond simply taking the current school physics
pedagogical styles and punctuating them with few examples of IK artefacts. It should involve
placing knowledge, power, identities, or culture in general of indigenous people on the physics
discourse table. Integration should enable indigenous perspectives to engage with classroom

pedagogy, instruction, and curriculum theorization. In this regard, Bishop and Glynn (1999) add
that science teachers should use culturally responsive teaching or culturally based pedagogy to

improve the understanding of concepts by learners.



In this regard, Ogunniyi (2011) concludes that for school science to be socially relevant, it
should reflect aspects of IK that shape the lives of indigenous communities. In the same vein,
Mavhunga (2008), Gwekwerere et al. (2013), STI (2012) and Tanyanyiwa (2019) point out that
integrating the native Zimbabweans® IK into the conventional school science curriculum would
enhance the curriculum®s relevance and lead to better understanding of the concepts among
learners. Learning should have a geographical, historical, and social context for them to be

effective.

This study explores the integration of IK artefacts into the teaching of mechanics concepts in A
level physics in Zimbabwe because mechanics lends itself to many applications of artefacts used
in indigenous technology in Zimbabwe. The relevant indigenous artefacts that have mechanics
concepts embedded in them are identified and described. A description of how they can be used

to teach the concept is also given in the form of a pedagogical model.

The remender of this chapter outlines the purpose and significance of the study, background to
the study, a statement of the problem, the research questions, and objectives, limitation of the
study, definition of terms and concepts as well as the debate on indigenous science and

indigenous physics.

1.2 PURPOSE AND SIGNIFICANCE OF THE STUDY

This study explores how physics teachers can integrate IK artefacts Artefacts and IK Strategies
when teaching A level physics, with special reference to concepts in mechanics, and to develop a
pedagogic (teaching) model for physics-IKS integration basing on insights from community
elders, physics teachers, and learners in Zimbabwe. The researcher identified some IK artefacts
and described them with the assistance of community elders, teachers, and learners through focus
groups, interviews, and questionnaires. From this input, a learning package unit of examples has
been prepared, with a teaching model on how IK artefacts and IK Strategies can be integrated,
particularly in the teaching of Advanced level mechanics and physics in general. The model is

given in this thesis.

The study will be beneficial to pre- and in-service physics teachers, policy makers, and learners.
The study will add to the existing literature on the integration of 1K artefacts in teaching of
4



science at Advanced Level physics in particular. It will provide a platform for, and indicate
ways in which, Zimbabwe"s rich IK and practices may be integrated into the physics curriculum.
This research may help the researcher and the participants to engage in reflective thinking about
the integration of IK artefacts in teaching physics. The identified IK artefacts can be preserved,
transferred or adopted and adapted elsewhere; thereby becoming global knowledge as has
happened with the western European IK artefacts. The study will motivate researchers to identify
more IK artefacts in which physics concepts are perceived and eventually significant physics
concepts may be explained using indigenous artefacts and strategies. Learners will be able to
connect meaningfully to school physics without losing their cultural identities or radically
challenging fundamental physics principles. The study will also invoke some traditional or
indigenous science instruction strategies, scientific ideas, skills, technologies and technological
designs that have physics concepts embedded in them; such as have been taken for granted by
indigenous people for many years, but which have more recently been ignored and delegitimised.
This could, furthermore, ignite interest among learners and teachers to revisit traditional
technologies and refine their efficiency so that they become equal to or better than those

designed and refined over the years according to western cultural principles.

Generally the study will complement on other studies in promoting the nation®s reconstruction
efforts directed at improvement of educational access and equity, together with bringing the
content, methods, and assessment of education, in line with the existing Zimbabwean context
which are some of the postulates of national independence and virtues of balanced socio-
economic development.

The ultimate goal is to improve physics education, not only at the selected schools, but in all of

Zimbabwe and probably beyond.

1.3 MY BACKGROUND

| spent most of my early life in the rural areas of Zimbabwe, where | was born and raised. My
contact with indigenous knowledge and technologies started in my early childhood. | had a
strong connection with IK and indigenous people because my father was a peasant farmer, who
used simple indigenous homemade equipment in his farming activities, such as hoes and ox-
drawn ploughs. | started building indigenous knowledge when | assisted him in his daily chores
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at home and in the fields. My father was also a keen hunter, who would spend most of his
summer time in the forests hunting. | still remember one cold summer day when he taught me
how to make a snare for catching birds. | also used to admire the old man who lived in our
neighborhood who used to make yokes (majoko) and mortars (maturi) for sale to people who
lived in the, then newly established, resettlement area about 10 km to the north of our village.
This man would hire my father's scotch cart to ferry his wares across the sandy river to the
nearest bus stop. | would scrutinize the artefacts each time | had a chance to accompany my
father. I liked the structure of the mortar (duri) most, although I wondered why the hole in it had
a tapered end. There were also other people in the area that made different indigenous items. The
list of my connection with indigenous artefacts and technologies is long. Even at school, in craft
lessons we would make some small IK artefacts; | still remember the reed mats | made when |

was in Grade 3.

At high school studying for Ordinary level, | met some topics in extended science, such as force,
torque, stability, and instability. These topics were very difficult for me. | still remember my
teacher holding a molded conical block trying to demonstrate stability. | also remember copying
a diagram of a plum pudding to illustrate the structure of an atom. I did not know what pudding
or plums were. All my peers were equally lost. Our teacher who had recently acquired a
certificate in Education from a local teachers™ college only had a vague idea of what pudding
was. He mumbled through the description and then said “Something like that” without
explaining further. This loss of words by the teacher indicated that he also had no knowledge of
what pudding is. This cost him his trust from the learners. When | look at the topic today, |
believe we could have understood this concept easily if the teacher had rather used an analogy of
improperly prepared traditional mealie (maize) meal porridge, which had lumps of mealie meal
(bota rine mapundu) in the porridge. One day one of our best learners burst out and angrily
insulted the teacher, accusing him of always not explaining concepts clearly. He said “Last week
you failed to explain the effect of application of force at a point away from the pivot.” This was
typical of the confusion and frustration we felt throughout the two years. We survived ,,the chop*
at the end of the course by cramming; we could memorize facts, words, phrases, and procedures
just to obtain correct answers to pass the tests and examinations. | continued to study physics at
Advanced level, and pursued the subject up to Master*s degree level.
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| also trained to teach Advanced Level physics. | taught physics at a rural boarding school before
transferring to another boarding school in an urban settlement. Both schools drew the majority of
their learners from the surrounding communal areas. | have also taught Physics courses at two
local state universities. These experiences brought me into contact with more physics content and
teaching methods. However, | did not enjoy the job although | worked very hard. However,
learners would devise ways to pass their courses by cramming rather than learning the content in
a meaningful way. There was rote memorization of key terms, theories, and processes just as |
had experienced at school. There were very low enrolments in the subject. Absconding from
lessons was also rampant, but there was a disturbing dropout rate. For instance, in January 2017
the enrolment for physics at A level stood at 45, but only 32 wrote the examination in December
2018. Little meaningful learning took place, contrasting with the expectations of learning
institutions and other stakeholders, and certainly not enough to be of benefit to their

communities.

My vision of physics teaching started changing when | was requested to teach a course in
pedagogical issues in physics at one of the local universities. When preparing lecture notes, |
read a lot of literature on the teaching of science and IKS. I interrogated the way physics was
being taught and its content and realized that there is a great need to make connections between
school physics and the IK of the learners. | became more enthusiastic when | realized this link. |
was particularly taken with the idea of using IK artefacts, some of which I used to interact with
when | was growing up in the rural communities. | began to revisit some of these artefacts and
realized that they had physics concepts embedded in their design, structure, and use. This fuelled
my desire to explore more and more about how learners could understand school physics through
the rich source of these indigenous artefacts that relate to the subject. | bemoaned the absence of
these artefacts in the traditional teaching of physics because they appeared to be so effective for
helping learners understand concepts easily. This led me to the proposal of the research study.
The endorsement of the need to include IK in the physics curriculum by the Government through
the Advanced Level Physics syllabus 6032, led me to approach the study with much enthusiasm.
My personal background and some of the current trends in the teaching of Advanced Level

physics have formed part of the background to this study.



1.4 BACKGROUND TO THE STUDY

My personal background outlined in Section 1.3 is only part of the background to this study. My
personal background indicates that | was socialized in an environment where 1K and IK artefacts
made an immense contribution to the socio-economic development of the community. Added to
this were observations in my community and in other indigenous communities in Zimbabwe that
IK artefacts were among the tools used for teaching and learning. The current trends include
those revealed in literature that is promoted by physics educators and those highlighted by

science education researchers.

Physics educators are looking for way of making physics learning and teaching more interesting,
more meaningful and more relevant (Shava, 2005). They are introducing innovations and
pedagogy which they think would greatly improve the teaching and learning of physics in high
schools. These innovations are believed to create greater interest among learners, and make them
more motivated to learn with understanding and so to pass the subject more easily. These are
also intended to improve, in the long-term, the effectiveness of physics graduates in solving their
community”s unique scientific and technological problems. These innovations include
addressing issues on science, technology, and society (STS), integrating ICT into everyday life,
using ,.hands on®, and ,,minds on“ approaches, creating awareness of environment sustainability

concerns and using, and integrating, IK and artefacts wherever feasible.

The role and value of indigenous knowledge systems in enhancing and contextualizing education
has long been recognized (Zazu, 2007). There is a noticeable growing interest in IK among
educationists (Flavier, de Jesus, & Mavarirro, 1995; Mugwisi, 2017; Naidoo, 2010; Ndlovu,
2018; Nyota & Mapara, 2007). This is confirmed by an increase in publications on the subject
e.g. (Barnhardt & Kawagley, 2005; Govender, 2009; Msila & Gumbo, 2016; Ndlovu, 2018). In
addition to the publications several international conferences have been held to deliberate on IK
and its place in socio- economic development processes (Ndlovu, 2018). Some governments
have included issues to do with IK in their some of their policies, for example, The Zimbabwe
Science and Technology policy of 2012. The increasing interest in IK is due to its assumed
8



ability to create and sustain effective environment that benefit learners (Mugwisi, 2017; Naidoo,
2010) and its envisage positive contributions in the preservation of indigenous culture and
sustainable socio-economic development. The government of Zimbabwe in its policy on Science
and Technology of 2012 asserts that many of the traditions and products can still play an
important role in the future developments. According to Kapoor and Shizha (2010), the use of IK
in instruction is as old as human-kind. In early indigenous societies people could use the
knowledge, skills, and technologies already acquired to effectively pass on new ideas, skills, and
information to their citizens, from generation to generation. The indigenous people could also use
their pre-acquired and familiar ideas, technologies, and artefacts for demonstrations, experiments
and as examples during both formal and informal teaching and learning activities. They would
re-use indigenous knowledge and related artefacts in order to build a new level of knowing. Oral
narratives, myths, fables, legends, riddles, proverbs, as well as process of observation and
participation were the instructional tools commonly employed by indigenous people (Kenyatta,
1965).

In such societies, mentorship was culturally sensitive and teaching approaches and methods were
naturally suitable to the local context; anchored to a particular social group in a particular setting,
and at a particular time. Africans had their own systems, contents and methods of education
(Tanyanyiwa, 2019). Hence, the knowledge passed on was dynamic and the people solved
problems of daily survival effectively. The teaching approaches and methods used by indigenous
communities were so effective that most “learners” could successfully graduate from the
informal schools and become active and productive members of their respective communities.
Using these learnt indigenous skills and ideas, more efficient tools and further traditional
technologies were also invented in response to technological problems. Old and inefficient
traditional tools and methods of working were refined using tried and tested knowledge learnt
through these mentorship and experiential approaches. This resonates well with the views of
Baer (2002) who argues that science and technology are not the exclusive property of
industrialized societies and who supports the idea that indigenous people are also inventors and
custodians of technology and aspects of science. The use of IK in instruction by such societies
was effective, meaningful, and relevant, as shown by these indigenous societies being self-
sustaining in their needs. A combination of handed-down experiences and continuous learning
9



process using the IK and IK strategies helped people to learn to mold utensils, weapons and to
concoct medicines for their wounded and sick (Dlodlo, 1999). Ogunniyi (2011) argues that
indigenous knowledge sustained communities for many centuries.Semali and Kincheloe (1999)
observed that prior to colonization, some local people sustained themselves better when they
owned locally developed and traditionally shared knowledge than was the case after colonization.
However, notwithstanding the above achievements, the worldviews and perceptions of Africans
and other indigenous communities were often vilified as traditional, irrational, backward, and
obsolete by colonial powers (Shizha, 2006a). Colonialism took anything traditional or

indigenous to be backward and inferior to western forms of knowledge (Giroux, 1996; Shizha,
2013; wa Thiong’o, 1986). In Zimbabwe the influence of colonization resulted in the denigration
of IK and its associated artefacts from the 1900s. Colonization dethroned the indigenous
knowledge of the Zimbabweans and replaced it with western science, with the widespread effect
of hegemonising western knowledge and marginalization of many native learners. Colonial
education led to the separation of individuals from their existential conditions and experiences,
from their cultures and individuality (Giroux, 1996). wa Thiong“o (1986) posits that colonial
education annihilated peoples™ beliefs in their names, their language, in their environment, in
their heritage of struggle in their unity, in their capability and ultimately in themselves.
Emeagwali (2003) argues that IK, along with indigenous teaching aids and strategies, were part
of the knowledge that was swept aside and denigrated by the colonialists and were considered to
be unempirical and superstitious. Quigley (2009) argues that, in both development and scientific

circles, IK continues to be assigned a lower status than western based science and technology.

Emeagwali (2003) identified several strategies of disinformation that were still embedded in
Eurocentric colonial and post-colonial education. The strategies she identified include the
selective omission of African achievements, innovations and technologies, distortion of data and
the surreptitious renaming of indigenous terms, concepts, places, and artefacts. A curriculum
dominated by western-culture was implemented for those who studied science in formal western-
type education settings in Zimbabwe from the 1900s. The education system was elitist in its
deliberate bias, was marked by exclusively limited access and facilities as well as lack of
relevance (Chitate, 2016).The Zimbabwean curriculum, teaching resources and learning space
silenced the indigenous voices and their cultural forms from effectively participating in
classroom science.
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Emeagwali (2003) asserts that learners were educated to be misdirected, as they failed to realize
the real purpose of education was to be in harmony with their communities. She adds that during
the colonial period, while learners were admitted into schools, the school and tertiary curricula
were designed and practiced to exclude cultural knowledge and skills that they acquired from
their homes or were required in their communities. Science failed to teach scientific nderstanding
within the actual world in which the learners lived (Cobern, 1996). The curriculum failed to
recognize that ,,scientific knowledge™ is itself a social construct of the western communities, as
highlighted by Brayboy and Castagno (2008). The internationalized curriculum respected neither
variations among people nor the different worldviews that learners bring to the classrooms
(Howie, 2001). Science was presented as a micro-culture of western civilization and this was
foreign and abstract to Zimbabwean learners. Jegede and Aikenhead (1999) admit that school
science is a sub-culture of western culture and dismiss the usual portrayal of science and the
process of generating science knowledge as being culture free. Generally, the curriculum,
teaching methodologies, and assessment strategies associated with school science as it is
currently taught, project and predominantly purvey one worldview; a western worldview that

holds claims of superiority over other worldviews (Kawagley, Norris-Tull, & Norris-Tull, 1998).

According to Aikenhead and Jegede (1999), conventional school science seems highly
disconnected from its intended practical ends. This means that the skills learnt from science are
not applicable in the learners™ context, in the sense that they are not suitable for solving the
learners™ or societal problems. This is because of the fundamental ontological and
epistemological differences between western culture and science, and African indigenous
cultures. In particular, the connections between school physics content and instructional
approaches, and real life of African learners, make the former seems very remote from their daily
practices (Moyo, 1988).

Aikenhead (1997a), posit that learners find science complex, because they are expected to
construct specific science concepts meaningfully even when these concepts conflict with
indigenous norms, values, beliefs, expectations and conventional actions of their life-world. In
some cases, learners suffer psychologically when culturally insensitive approaches, aids,
instructional technology, demonstrations, and examples are used in lessons by teachers. Added
difficulties occur when they meet culturally non-contextual study materials and textbooks
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with no local reference to their culture. These factors jeopardize the self-esteem of the learners
and make their understanding of concepts in science, or physics in particular, difficult. A further
problem is the language of instruction. Shizha (2006a) asserts that the most common language
for scientific investigations worldwide is English — the language of the colonialists. This is,
furthermore, the medium of instruction in Zimbabwe, which also contributes to loss of IK and an
identity crisis among learners. Cultural clashes with science and associated problems of its lack

of relevance create learning and identity difficulties.

These issues then result in learners inventing ways to avoid learning science meaningfully, and
instead just want to pass examinations. Physics being seen as irrelevant is also likely to be a
factor contributing to the lower enrolments, irregular attendances and the higher rate of learners
dropping out A level physics than happens with other subjects like mathematics and biology; all
this results in lower achievement rates and high numbers of failures for the subject. Gudyanga et
al. (2013) confirm that there is a decline in the number of learners enrolling for physics in
Zimbabwe. Aikenhead and Jegede (1999), Ogunniyi (2000) and Gwekwerere et al. (2013) trace
the cause of the low enrolments back to poor pedagogical practices and lack of relevance of
school science and technology to leaners’ worldviews. They argue that learners in indigenous
societies around the world have for the most part demonstrated a distinct lack of enthusiasm for
the experience of schooling in its conventional form: an aversion that is often attributed to an
alien institutional culture rather than any lack of innate intelligence or lack of problem solving

skills on the part of the learners.

Quiroz (1999) argues that high dropout rate, poor participation and irregular attendance in the
science classes is due to the science topics taught in schools having little relevance to the
learners™ context. Manzini (2000) and Odora-Hoppers (2002b) attribute the high dropout rate to
faulty pedagogy: teaching methods often fail to link the sciences with learners™ prior personal
knowledge that they have acquired from their indigenous scientific cosmology. Gwekwerere et
al. (2013) argues that the pedagogical knowledge and curriculum materials used by the teacher
may also pose challenges to learners™ understanding of concepts. Learners tend to drop science,
physics in particular, for perceived softer options in secondary school despite their awareness of

the opportunities for employment and further study that physics creates (Fredicks, 1999).
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Govender (2009) argues that a science curriculum that includes aspects of relevant indigenous

knowledge, that recognizes learners™ preconceptions and worldviews, that affords a platform for
discussion of different ways of knowing and that encourages critical thinking is bound to attract
and sustain more learners in science. Ways of understanding the interface between IK and
western science, and thereby integrating IKS into formal academic disciplines are being sought.
For example border-crossings have been proposed by Aikenhead (1996). | propose that the
integration of IK artefacts into the teaching of physics is one of the strategies that can make
border-crossing possible and enable learners to understand physics concepts more easily. Jegede
and Okebukola (1991) argue that culturally sensitive curricula and teaching methods reduce the
,foreignness™ in the subject experienced by physics learners and teachers. The use of IK artefacts
can also be a strategy for demystifying physics and eliminating physics®™ exclusive property as a
preserve for a few people with western culture. By contrast, the inclusion of IK artefacts would
make physics accessible, practical, less abstract and of greater relevance to all who want to study
it at A level. The use of materials the learners are familiar with will promote meaningful
learning, as the learner*s existing knowledge will interact more readily with the new learning

and avoid rote learning (Upadhyay, 2006; West & Fensham, 1974).

According to Baker and Taylor (1995), the integration of IK in the teaching of physics enables
learners and teachers to preserve what is good in the learners™ personal and cultural traditions,
while at the same time allowing them to benefit from western science and technology. The
learners would be able to borrow or adapt and incorporate content and aspects of the western

science culture that are useful to them. It would allow for autonomous acculturation (Aikenhead,
1997a). These positive effects of using IK may have influenced the contents of the current

Zimbabwe policy on science and technology education.

In the A level Zimbabwe Schools Examination Council (Zimsec) Physics Syllabus (6032)
(ZIMSEC, 2015), aim 5.1 indicates that IK should be integrated in the teaching and learning of
physics. The syllabus also indicates that the study and practice of physics involves co-operative
and cumulative activities, subject to social, economic, technological, ethical, and cultural
influences and limitations. Topics like forces emphasize the need to use IK in the teaching of
physics where learners should be able to describe everyday application of forces in equilibrium.
Shava (2005) observed that although much has been written and said about the need to include
13



IK in the school curriculum, there is limited use of IK artefacts in formal physics education in
Zimbabwe. Most of the physics teachers in the Zimbabwe high schools were educated under a
curriculum that was biased towards western culture. Thus their notion of schooling, the
curriculum content, the teaching and learning styles which they acquired during their training, all
of which they then transmit to learners, run contrary to the sociocultural realities that they face in
the science classroom. Thus physics remains dominated by western cultures, as evidenced by
their western culture loaded teaching approaches, methods, and instructional technology. For
example, they use English language as the medium of instruction, and rarely tried using

indigenous languages like Tonga despite the benefits of using indigenous languages.

Foreign National languages (European) have become the medium of instruction while vernacular
languages (Chishona & Ndebele) are sidelined (Dziva, Mpofu, & Kusure, 2011). Even in the
physics examinations, learners are reminded to write their answers in good English (ZIMSEC,
2016). Dlodo (1999) argues that the very low national pass rates in the final year at secondary
schools in Southern Africa can be ascribed to, among other things, the failure by learners to
grasp scientific concepts that are explained in English. Cummins (2015, p. 35) attests to the idea
that learners who have language deficit lag behind others in their learning and in social
interactions and exchanges with others. Meyer and Crawford (2011) also argue that school
science language practice is largely responsible for distancing marginalized learners from
science while providing support for the privileged. Lewis (2000) posits that many problems of
science learning may be associated with lack of language proficiency because, more often than
not, for disadvantaged learners, science is taught through a medium of instruction that is not the
learners” mother tongue. Magwa and Mutasa (2007, p. 7) add that learners who do not
understand the language used in teaching science cannot receive new ideas and knowledge. By
contrast, Cronje, de Beer, and Ankiewicz (2015) posit that the use of an indigenous language
allows learners to assimilate information faster than when the official language of learning and
teaching (LoOLT) is used. This mirror the views of Shizha (2007) who observed that learners

taught in their home language perform better than those taught in English.

Teachers need good knowledge of pedagogy, content and knowledge of learners including
language in order for them to do their job well (Gess-Newsome, 1999).Unfortunately in
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Zimbabwe, very little effort has been made to bring IK and indigenous languages into the school
curricula (Dziva et al., 2011). Shizha (2006a) observed that formal education in Zimbabwe
continues to be Eurocentric in outlook and academic in orientation, reflecting western industrial
and scientific cultures rather than the cultures of their learners and teachers. Mpofu (2016) adds
that classroom science in Zimbabwe remains western-oriented, as it has been for 35 years since
independence, and remains irrelevant and inaccessible to indigenous Zimbabweans. For instance,
the recommended textbooks listed in the syllabus are dominated by western illustrations and
examples such as the plum-pudding model for describing atoms. Most laboratory equipment and
apparatus in the high schools is related to western culture; for example, ripple tanks are used to
demonstrate properties of waves where as natural ponds in school grounds could also be used.
Romanowski (1998) elaborates that in some cases there is heavy reliance on improvised teaching
resources that are dependent on the teacher”s enacted scientific views to define, select, and
organize information to deliver to learners. Learners may thus fail to understand and construct

concepts that are congruent with what scientists believe (Novak, 1977).

The recommended teaching approaches and methods are all conspicuously western. Science
teachers do not even use the methodologies inherent in IK in their teaching of school science
which include folk stories, riddles, music, songs (Kroma, 2000) or include consultation of 1K
specialists. Kazembe and Nyanhi (2010) observed that most conventional lesson planning
models are based on the verbal explanations or visual demonstrations of a procedure or skill by
the teacher. Teachers do not consult verbal specialists like old indigenous people from the
communities that surround their schools. Such teaching methods greatly affect learners™ border-
crossing in physics. Border-crossing occurs when the science experienced at home or the
worldviews of learners are different from those expected or experienced in the school science. In
this case learners are expected to cross the boundary between the worldviews. Indigenous
learners continue to receive the least interesting, most passive form of instruction and are rarely
given opportunities to participate actively in their own learning. Shizha (2014) notes that school
systems ignore the cultural capital that learners bring to schools and fail to provide supportive
school learning infrastructure and environments. The prevailing situation in the teaching of
science is also at odds with the requirements of the National Policy on Science and Technology
Education in Zimbabwe which requires that science be taught in context.
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The literature review supports the use of IK and its associated artefacts and strategies in
instruction in Africa and indicates that its inclusion can improve understanding of concepts,
improving the effectiveness and efficiency of teaching and learning if integrated in learners™
learning of science. Webb (2013) argues that IK and its associated artefacts should be included in
the science curriculum to highlight the relationship between science and the culture of the

learners.

1.5 CONTEXT OF THE STUDY

The study is located within Masvingo District which is one of the 59 Districts in the Republic of
Zimbabwe. The district encompasses metropolitan Masvingo in Masvingo Province in Southern
Zimbabwe. The district has a population of over 211,215 people according to the 2012 census
(Zimbabwe National Statistical Agency, 2012). The population is dominated by Shona people
who speak the Shona language. People in the rural part of the district are mostly communal
farmers. Other indigenous or traditional practices include fishing, music, crafts of pottery and
basketry etc. The people who live in the urban part of the district often visit their rural
areas.Zimbabwe has a developing economy, which requires a guaranteed supply of scientifically
literate people for it to be sustained. It needs people with knowledge of the major principles, laws
and theories of science, and who can apply them appropriately in the country*s industrial and
commercial sectors. The country requires people who can use the processes of science suitably in
solving problems, making decisions. It needs people who use scientific ways of thinking for
individual and social purposes.Masvingo District being the district where Masvingo Provincial
capital city is located, the schools located in the district could be expected to offer better learning
facilities s than would schools located in other, more remote, parts of the province.

Two of the three high schools where the research was conducted are managed by churches and
are located in the rural areas in the periphery of Masvingo town. The other school is managed by
the government and is located in Masvingo town. The three schools have similar modern
learning facilities and resources, although these are not adequate. The equipment in their
laboratories is dominated by imports which are normally supplied at exorbitant prices by the
local suppliers. The bulk of their physics textbooks are imported. The teachers and learners in
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these schools are highly disadvantaged in terms of facilities and resources that are conventional
and familiar elsewhere for teaching Advanced Level physics. Nevertheless, teachers in these
schools are expected to ensure that teaching and learning of Advanced Level physics is as
exciting and informative as possible and also that learners pass their examinations. Teachers in
all the schools where the research was conducted share the similar cultural background as their
learners. The teachers and learners are mostly Shona speaking and come from various districts of
Masvingo, Matebeleland, and Manicaland Provinces. This homogeneous context perhaps
facilitated the smooth integration of indigenous artefacts in the teaching of concepts in

mechanics.

1.6 STATEMENT OF THE PROBLEM

The problem is that A level physics in Zimbabwe excludes the IK and cultural backgrounds of
the learners in its instructional approach and strategy. This exclusion could be one of the factors
causing learners to perform poorly in the subject. The exclusion of IK and cultural backgrounds
of the learners in its instructional approach and strategy causes most learners to view the subject
as abstract and so they perform poorly. The poor performance coupled with other factors has
caused lower enrolment in physics than in other subjects, irregular lesson attendance by learners
and high dropout rates. According to the analysis for the 2014 November examinations, a total
of 217616 candidates wrote the examinations, but only 1795 passed with grade E or better. In
2015, 2639 wrote the exam and only 2140 learners passed with grade E or better. In 2014,163
private candidates sat the exam in November and only 68 (less than half) candidates passed with
grade E or better. Generally the quality of passes was always poor. The pass rates for 2014 and
2015 were 89.68% and 83% respectively. However, these figures do not portray the real situation
as they were calculated from a grade E and above. On the other hand, the percentage pass rate
from grade C and above was well below 45%. Results released by ZIMSEC from 2014 to 2016
show that students are shying away from Science subjects and many of those who sit for such
exams fail dismally (Machingambi, Oyedele, Chikwature, & Oyedele, 2018). Unfortunately
this is happening at a time the country is expected to be building a base for innovation
and technological advancement with the STEM initiative under the government’s Zimbabwe
Agenda for Sustainable Social and Economic Transformation (ZIMASSET) philosophy. Harris
and Sass (2011), Dilshad (2010) and Muzenda (2013) concur that, learners’ poor performance in
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subjects globally is basically due to the lack of qualified teachers as well as unavailability and/or
insufficiency of materials in the laboratories. Fadaei and Mora (2015) and Saleh (2014) argue
that poor performance of learners is due to the learning processes that involve understanding of
physics which require learners to deal with different types of representations, such as fomulas,
calculations, graphic representations, and conceptual understanding at an abstract level.
Machingambi et al. (2018) give reasons such as not using laboratories effectively and teachers’

qualification among other reasons.

Chiromo (2010) confirms the existence of conflicts between learners™ home background and
school science. This is similar to the finding by Shava (2005) that the Eurocentric nature of the
physics curriculum in Zimbabwe causes under-achievement among black learners. The delivery
by the teachers of concepts in the subject is also abstract (Gudyanga et al., 2013; Gwekwerere et
al., 2013; Kasembe 2011), which Kazembe and Musarandega (2012) indicate, can also be a

major source of learning problems.

There have been proposals for ways to improve the learning and teaching of the subject as
indicated in the Advanced level ZMSEC physics syllabus 6032 (Zimsec, 2011), which highlights
the need to integrate indigenous knowledge (IK) artefacts into the teaching of the subject;
however, the document is not explicit about how the integration should be done. Since
independence in Zimbabwe innovative projects have been put into place to improve the delivery
of science teaching in schools. Included among these, in addition to the new curriculum, are the
Zimbabwe Science Project, Quality Education in Science Teaching, Science Education In-
Service Teacher Training programme (SEIIT) and the recently launched STEM, which later
became STEAM, initiative, In all these initiatives there was mention of the need to use locally
available materials in the teaching of science. The general view appears to be that the integration
of indigenous artefacts in the teaching of physics can be a scaffolding strategy for learners to

grasp and understand concepts more easily.

Although much has been said, written, and done about the challenges haunting physics
education in Zimbabwe, very little has been said about the opportunities that exist to take it to
higher levels through the use of IK artefacts. There is no evidence of, or research on how
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integration of IK artefacts in the teaching of Physics is supposed to be done. The zimsec physics
syllabus 6032 and the Science and technology education policy of 2012 make only brief
reference to IK and IK artefacts, and leave the teacher with the responsibility of deciding which
IK artefacts and IK strategies to integrate in the teaching and learning of the subject, and how
this should be accomplished. In this regard, Mpofu (2016) observed that the policies in
Zimbabwe are clear on the purpose of reforming education, but do not provide guidelines on
what IK to integrate, where this should happen in the existing curricula and how to do it. There
has also been no deliberate effort to integrate IK artefacts in the teaching methods courses of
teacher training programs. Therefore even teachers who may have adequate IK are not guided in
how to integrate it into their teaching. The teachers were trained in systems deeply entrenched in
western paradigms. The teachers have consequently had thoroughly assimilated and had been

modeling the habits of western scientists.

Consequently, despite all the initiatives and programs, advanced level physics remains abstract in
nature and removed from the learners™ cultural context in its delivery. Learners continue to
struggle to understand concepts and so perform badly in examinations. This has influenced the

researcher to explore how physics teachers integrate IK artefacts when teaching advanced level
concepts in mechanics to improve learners™ learning. Issues arising from the integration process
were also explored. The intention is to align teachers™ lesson delivery and learners™ learning with

their sociocultural and science experiences.

1.7 DELIMITATION OF THE STUDY
The study was donein Zimbabwe in the Masvingo District (see Figure 1.1).
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Figure 1.1 Map of Zimbabwe

Data were collected from the three high schools that offer physics at advanced level in this
district along with part of the communal area forming the high schools™ catchment area. The
three high schools and the communal area were chosen for convenience. In order to explore
experiences in a large number of topics in mechanics, the teachers of lower and upper sixth

forms (Forms 5 and 6) A Level physics at the selected high schools were considered for the

study together with their learners.

The study looked at Integrating Indigenous knowledge (IK) artefacts and IK strategies in
teaching mechanics basing on insights from community elders, physics teachers, and learners.
The study did not focus on everyday knowledge in general; it rather focused on everyday
knowledge that is rooted in indigenous knowledge system (IKS) and its associated artefacts. The
thesis is concerned with enabling learners to understand the curriculum physics concepts through
their IK and is not about teaching of indigenous physics. Data were collected from January 2017
to September 2018.
20
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There are three objectives to the study, as follows.

1. To identify the indigenous artefacts with Advanced Level physics mechanics concepts
embedded in them that can be integrated in the teaching of mechanics in Forms 5 and 6
in Masvingo District, Zimbabwe.

2. To identify Advanced Level physics concepts in mechanics embedded in the
indigenous artefacts in Masvingo District, Zimbabwe.

3. To describe how Advanced Level physics teachers can integrate indigenous knowledge

artefacts when teaching concepts in mechanics in Forms 5 and 6 in Masvingo District,
Zimbabwe.

1.10 RESEARCH QUESTIONS

To accomplish the research objectives five research questions were framed

1. What are the indigenous artefacts that can be associated with Advanced level mechanics
found in Masvingo District, Zimbabwe as percieved by Elders, teachers and learners?

2. What are the Advanced level mechanics concepts that can be associated with these
indigenous artefacts identified in Masvingo District, Zimbabwe?

3. How can indigenous artefacts be integrated in the teaching of Advanced Level Physics
mechanics as perceived from the elders, teachers, and learners?

4. What feasible pedagogic model of teaching and learning can be proposed regarding the
integration of IK into physics, considering the views of elders, teachers, and learners in the

Advanced Level physics in Zimbabwe?

1.10 LIMITATIONS OF THE STUDY

Indigenous knowledge and associated artefacts were not documented and were not readily
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were also issues about who has the right to speak, about what and to whom. Some knowledge
was possibly shared only with men or only with women or only with people of a certain age. To
avoid such problems, | had to find out the local protocols for visiting indigenous people to talk
with about their IK. Another issue was that people were also not overtly aware of indigenous
knowledge that exists in their area, or were unaware of what was being sought. Hence, |
anticipate the need for a few pre-investigation workshops. Another limitation for this research
study is the prevalence of intricately interwoven factors at play in the teaching and learning of
physics. As such pin-pointing evidence exclusive to intergration of IK artefacts in the teaching
impact becomes a difficult exercise. Financial constrains limited the number of visits to the
schools. Informing the school early about my plans reduced problem of disturbance of data

collection by schools’ programmes.

1.11 DEFINITION OF TERMS AND CONCEPTS

1.11.1 Indigenous Knowledge (1K)

The concept of indigenous knowledge (IK) has been proposed from different perspectives and
several researchers have attempted to synthesis its meaning. For example, IK is knowledge that
is unique to a given culture or society and is acquired through the accumulation of experience,
informal experiments and intimate understanding of the indigenous environment. Zazu (2007)
refers to IK as content (facts, processes, methods) and processes (applications) relating to
communities, their knowledge, associated daily practices and the cross-generational mechanisms
of transmission of all of these. Onwu and Mosimege (2004) see IK as a variety of knowledge that
covers technologies and practices that were used and are still being used by indigenous people

for existence and survival in various situations and environments.

Khupe (2014) indicates that IK originates in oral cultures and abides in the hearts and minds of
elders and specialist knowledge keepers in particular areas. The knowledge is considered to be a
special heritage that is supposed to be passed on from generation to generation for practical and
survival purposes. As shown by those who hold it, such as elders in the community, either orally
or through apprenticeship.
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The commonality among these definitions is that IK is generally the knowledge generated,
developed and used by people in a certain area. Generally it involves all forms of knowledge;
that is technologies, know-how, skills, artefacts, art, beliefs, teaching and learning approaches
etc. that enable the community to achieve stable livelihoods in their environments. The inclusion

of IK in curricula can be in terms of both content and context.

1.11.2 Physics

Physics involves the study of matter and energy in its different forms and the transformation of
matter to energy. It involves the study of the physical world, matter, energy and the interactions
and relationships between matter and energy. Concepts that are found in physics include force,
torque, mass, centre of gravity as used in mechanics. The application of physics principles in the
development of indigenous technologies will help in the production of more valuable goods that
conform to modern standards and can be marketed beyond traditional communities (Stephen,
2010b).
1.11.3 Indigenous Technology (I-Tech)

Mensah (2008) views indigenous technology (I-Tech) as traditional approaches or methods and
skills used to transform locally available materials into products either for trade or for family
consumption; it is concerned largely with the production process. Maluleka, Wilkinson, and
Gumbo (2007) define indigenous technology as the use of technical knowledge, skills, and
resources developed and transmitted by indigenous people to their young ones in their cultural
settings and used to manipulate the environment in order to meet their everyday needs and wants.
Considering the definitions above, it can be contented that indigenous technology includes
practices, crafts, artefacts, methods, or techniques employed by local or indigenous people to
transform locally available indigenous resources or raw materials into products and services for
personal or community usage and trade. These include the use of indigenous tools and
techniques like needles to make reed mats, or making of stools (see Figure 1.2). The artefacts
used in the study are manufactured using indigenous technology. Handayani, Wilujeng,
Prasetyo, and Tohir (2019) observed that physics knowledge is manifested in these indigenous
practical skills and knowledge.
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Figure 1.2 An old man making an artfact using indigenous technology

However the focus in this study was not on the production process, but rather on the physics
concepts that could be drawn from the process of making and using it and also its shape and

design.

1.11.4 Artefacts and Indigenous Artefacts

Keil, Greif, and Kerner (2007) define artefacts as simply things or objects that were intentionally
created to help achieve some sort of goal which can be physical, such as hand tools, or non-
physical like poems, stories and social conventions. Keil et al. (2007) add that pieces of art
together with performances are part of intangible artefacts. Therefore artefacts are both tangible
and intangible things created for a purpose of meeting peoples* needs and wants.As stated, Keil
et al. (2007) define artefacts as simply things that were intentionally created to help achieve
some sort of goals, IK artefacts can be defined as those indigenous things created intentionally to
meet the needs and wants of indigenous people. Considering ideas from Keil et al. (2007) they
can be tangible or intangible. The tangible ones can be defined as objects that are made by a
person; especially those of historical or cultural nature (Hornby 2010). Therefore IK artefacts are
things made by people belonging to a particular place, especially those of a cultural nature and
which have specific meaning in these communities. According Mensah (2008), they are part of
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indigenous technology (I-Tech) and are produced by traditional approaches or methods and
skills. Examples of the indigenous artefacts found in Masvingo District include a reed basket,

named tswanda in Shona and shown in Figure 1.3.

Figure 1.3 Reed basket (tswanda)

IK artefacts reflect the wisdom of people who have lived a long time in a place and have a great
deal of knowledge about their environment. They are made from local materials, which may
include wood, leather, cane, fibre, bamboo, animal horn, and other durable materials.

Intangible indigenous artefacts may include traditional performances, games, and stories.

Ingigenous artefacts can be modified in order to improve their efficiency, appearances, and
effectiveness. Mensah (2008) asserts that this modification can be achieved by acquiring
technological literacy and capability in school. In this view the school should employ
contextually relevant or everyday activities and indigenous artefacts as a starting point for

teaching technology rather than starting with abstract processes and model

1.11.5 Science
Abrusscato (1998) says ,,science™ is the name given to a group of processes through which we
can systematically gather information about the world. It involves all the systematic efforts by
humans to investigate, organize, and manage the natural world. It involves the search for
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explanations, patterns, regularities, and irregularities in nature through actions, reactions, causes

and effects in the environment. Science is knowledge acquired by careful observation and by
deduction from experiments to formulate laws which govern changes and conditions. Science as
a body of knowledge includes facts gathered, the concepts defined, and the generalizations that

unify these facts and concepts as a set of principles and laws, as well as hypotheses and theories

that can be used to make predictions.The processes of science are the procedures or activities
carried out by scientists in the creation and acquisition of knowledge. These include observing,
measuring, predicting, and experimenting. Learners acquire scientific skills (like thinking skills,
practical skills, and social skills) and attitudes (like curiosity, objectivity, creativity) and values
(like truth, order, freedom, and scepticism) when carrying out scientific processes. Overall,
science is characterised by those values and attitudes possessed by people who use scientific
processes to gather knowledge. Humans engage in science to transform the environment and
improve the quality of their lives and make the world better for them to live (Samuel, 1996).
1.11.6 Mechanics

Mechanics is an area of science concerned with the behaviour of physical bodies when they are
subjected to forces or displacements and the subsequent effects of bodies on their environments.
Topics which fall under mechanics include force, torque, and moments of forces.

1.11.7 Teaching

Teaching is a system of activities intended to induce learning, which as Curzon (1985, p. 14)
explains, entails the deliberate and systematic creation and control of those conditions in which
learning does occur. The definition shows that the teacher should have control of what is learnt
and so plans the relevant activities for the learner. Mercer and Pettit (2001) are of the view that
effective teaching occurs when a teacher provides guidance and intellectual support for the
learners, to enable them to ,,swim out of their depth®, and so go just a little further intellectually
than they would be able to go alone. The guidance and the support can be provided by using IK
artefacts and teaching strategies that are familiar to the learners. With the help given by the
teachers, learners would then be able to swim alone into progressively deeper intellectual waters.
Learners would be able to navigate through new areas on their own, using the skills and

knowledge gained.
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1.11.8 Integration

The Cambridge Dictionary of English defines integration as the process of mixing, joining, or
combining one object with another (Procter, 1995). Mayor (2009a) defines integration as the
combining of two or more things so that they work together effectively. It involves making a
“whole” from many parts. Common among the definitions of integration, is an aspect of unifying
a number of aspects into one. In the context of this study integration would involve infusing 1K,
IK artefacts and indigenous pedagogical practices with western science pedagogical practices and
methods in such a way that they are indistinguishable or unclear as to where each of them begins
and ends when combined together in the teaching process. Commonalities, overlapping concepts
and principles of pedagogical practices associated with both IK and western science (physics) are
brought together in a meaningful equitable way to enhance learning. Integrating IK in schooling
is an efficient way of strengthening and maintaining a balance of social order, within an
educational context (Handayani et al., 2019). It is a way which allows IK and its related artefacts

to gain better space and access to school science.

The philosophy of integration in the context of physics as a discipline lies in understanding that
the discipline can be viewed and understood in different ways, which can be interconnected to
make them more effective. The idea and process of integration challenges an individual to
analyse what is happening, so making him to reconsider what is already known, resulting in a
new understanding based on complete interaction between prior knowledge and current

experiences.

An integration model for education presented by Mpofu (2016) depicts integration as being a
context-dependent process having four possible pathways or forms, given as divergent, parallel,
convergent and substitutive (DPCS). Divergent integration occurs when the knowledge systems
are kept separate and each knowledge system is taught in its own context. The parallel path is
where the two knowledge systems are taught within the same laboratory space, but with each

retaining its characteristic nature.

In substitutive integration one knowledge system displaces the other, such as happens when
western classroom science replaces IK or vice versa. The fourth form is convergent integration,
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in which hybridized knowledge that is common to both systems is adopted in the teaching and
learning prrocesses. With such a path, the good and useful aspects of knowledge from the
western system are sifted and aligned with the valuable knowledge in the IK system, to form a
new and worthwhile knowledge system. IK is integrated in a meaningful way and not token
inclusions or mensioning in passing in designated units of the teaching and learning processes.

The convergent integration approach is the one that has influenced the orientation of this study.

1.12 Indigenous Science and Indigenous Physics: the debate

Debates continue about whether IKS is science or not, and whether or not there is indigenous
physics. Some researchers of IKS (Duit, 1991; Mintzes, Wandersee, & Novak, 2005) claim that
the rationality of IKS is similar to that of western science and therefore may be equated with
science. Duit and Treagust (1998) argue that IKS is science because it is practical and is applied
for survival. Traditional knowledge also has the element of ,systematicity” that science
possesses. Arun and Joseph (2007) and Handayani et al. (2019) argue, they are the same on

methodological and epistemological grounds.

Modern science is a context dependent body of knowledge just the same as traditional
knowledge and, like indigenous knowledge; it is also conditioned by the ecological, economic,
social, religious, and gendered contexts in which it develops (Agrawal, 1995). Snively and
Corsiglia (2001) are of the view that IKS offers important science knowledge that western
modern science is yet to fully understand. There are, however, writers who emphasize the
differences between IK and western science knowledge. Ezeanya-Esiobu (2019) argues that the
difference between the two lies in their approaches, which give each a distinct identity of its own
kind. Ezeanya-Esiobu (2019) adds that the differences are philosophical in nature, arising from
the discrepancies in social and cultural processes and worldviews as well as culture of research
and intellectual inquiry. Scientific knowledge was constituted during the eighteenth and
nineteenth centuries and it absorbed European folk knowledge and practices (Oguamanam, 2006,
p. 14). Oguamanam (2006) argues that, westernization of knowledge led to the use of the term
"scientific knowledge" interchangeably with "knowledge" itself, but in true sense of the word,
science isonlya
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variation of knowledge. Oguamanam (2006) cautions that the differences do not justify the

exclusive appropriation of validity into western knowledge systems.

Knowledge is a complex body of several socially constructed ideas, validated by the dominant
intellectual persuasion at each point in time (Lemke, 1994, p. 1). This indicates that knowledge is
“always biased because it is produced from a social perspective of the analyst, thus reflecting his
or her inclination towards certain interests, values, groups, parties, classes, nations” (Jackson &
Sorensen, 2003, p. 248). Foucault (1969) shows that knowledge is not and cannot be neutral, not
morally, not politically and not ideologically, because all knowledge reflects the interests of the
observer. According to these views, science and IKS are two different bodies of knowledge, each
with characteristics that are derived from the culture of those people who constructed and
validated its contents and its creation processes. The two bodies of knowledge are relevant,
useful, empirically testable, and valid in their respective communities and contexts, and also in
similar contexts. The two bodies of knowledge can co-exist in harmony complementing each

other in solving problems faced by people.

Ezeanya-Esiobu (2019) argues that the comparison between IK and western science is often
made in a manner that favors the latter and ascribes to it the aspect of universality. Comparing
western science to IK presupposes an ,,overarching™ comparator in the form of universal reason
or science, which is ontologically privileged (Oguamanam, 2006, p. 17). Such a comparison
places western science on a higher pedestal as a superior form of knowledge. This comparison
between IK and western science is not necessary. As Oguamanam (2006) argues, the baseline of
universal reason exists in all traditions, enforced by shared human, economic needs, and

cognitive processes; although advanced and expressed in different cultural contexts.

The debate about IKS and western science seems to have no conclusion in the foreseeable future.
However people have to assume a position that suits their unique context at a particular time and
place.The debate also evokes other similar debates, such as whether there is indigenous physics
or not. This debate then involves issues on the differences between indigenous physics and
western physics. Ogawa and Aikenhead (2007) and Handayani et al. (2019) are among the
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people who argue that there is indigenous physics knowledge. They agree with Mapara (2009),
who asserts that indigenous physics knowledge systems have not died as a result of colonisation.
Ogawa and Aikenhead (2007) define indigenous physics as the experiential knowledge based on
worldviews and culture that is basically relational. Handayani et al. (2019) add that it is also a
way of life and knowing for the indigenous people. Ogawa and Aikenhead (2007) posit that
indigenous physics relies on direct observation for forecasting and generation of predictions.

Shizha (2014) and Handayani et al. (2019) argue that indigenous physics is connected to the
people, and their history, cultural context and worldviews. Stephen (2010) views the construction
of indigenous physics as based on the historical and cultural worldviews that shape or influence
peoples™ consciousness, which in turn forms the theoretical framework within which knowledge
is generated, critiqgued and understood. Handayani et al. (2019) conclude that knowledge of
physics and it’s methods of investigation can not be separated from people’ history, culture and
worldviews Ogawa and Aikenhead (2007) take the position that indigenous physics, unlike
western physics which involved controlling the natural environmental forces, deals only with

finding ways of accommodating nature.

Driver (1989) and Horsthemke (2004) argue that all forms of knowledge are valid and should co-
exist in a complementary relationship. This implies that both western and indigenous physics
should be allowed to co-exist. Nicholas (2019) vies science as a multicultural enterprise that
benefit from and indeed requires competing views. In this thesis, IK and IK artefacts will be used

to unpack, enrich, reinforce and not threaten western science and vice versa.

Furthermore, Ezeanya-Esiobu (2019) emphasizes that deliberate effort should be made to ensure
that science forges a symbiotic relationship with other bodies of knowledge; that it is rejecting
and labeling them as backward, barbaric and unscientific and as reservoirs of myths, errors,

misconceptions, and falsehoods.

Arun and Joseph (2007) advise that government should support co-operation between indigenous
knowledge holders and scientists to explore the relationships between different knowledge
systems and foster inter-linkages that are of mutual benefits. Having outlined some of the
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arguments in this contentious debate on whether there is indigenous physics or not, it is not the
focus of this study. Instead, 1 am of the view that IKS as a general concept will cover all aspects

of indigenous linked sciences

1.13 OUTLINE OF THE THESIS

This chapter, which is an introductory chapter, has outlined the background to the study, the
purpose of the study, its research objectives and critical research questions, the statement of the
problem and the location of the study. Chapter 2 is a literature review related to the study. It
explores literature dealing with the integration of IK artefacts and IK strategies in teaching
Advanced Level physics.

Chapter 3 covers the theoretical framework underpinning this research study. Chapter 4 explores
the research methodology guiding the research. This includes the research paradigm, type of data
collection techniques, sampling and sample size, validity of the research, data analysis, ethical
issues and limitations of the study.

Chapter 5 focuses on data analysis and research findings. Chapter 6 discusses the key research
findings. Chapter 7 gives the conclusion.

1.14 SUMMARY

In this chapter, the background to the study, the purpose of the study, research objectives, and
critical research questions, statement of the problem and the location of the study were outlined.
The purpose of the study was to explore how physics teachers can integrate 1K artefacts when
teaching A level physics, with special reference to concepts in mechanics, and to develop a

pedagogic (teaching) model for physics-IKS integration.

The problem indicated is that A level physics in Zimbabwe excludes the IK and cultural
backgrounds of the learners in its instructional approach and strategy. This exclusion is suspected
to be one of the factors causing learners to underperform. Furthermore, an outline of the thesis is
presented.
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Chapter 2

LITERATURE REVIEW

2.1 INTRODUCTION

This chapter examines the literature on the integration of IK in teaching of Advanced Level
physics. The chapter also presents literature on physics and its pedagogy in Zimbabwe followed
by perceptions of teachers on the integration of IK artefacts and IK strategies when teaching
physics. The use of western indigenous artefacts with physics concepts embedded in them being
integrated in Physics are discussed, with notable examples in the Zimsec Advanced Level
Physics Syllabus and recommended textbooks. An overview of the National Science and

Technology Education is given.

Studies reported in the research literature highlight the growing knowledge and interest within
the educational research community in indigenous knowledge (1K), not only in Zimbabwe
(Shava, 2005) but in other parts of Africa (Govender, 2009), and globally (Aikenhead, 1996).
Studies by Malcolm, Gopal, Keane, and Kyle (2009), Cronje et al. (2015) and Keane (2008) all
indicate the strong relationship between formal science learning and informal science, which in
the African context is often linked to IK. One area of IK that is currently being explored is the
inclusion of IK in science(Shava, 2016). There is some evidence of science and technology
concepts embedded in IK artefacts and in apprenticeship practices used in indigenous
communities in Zimbabwe and other African countries. In this regard, Dlodlo (1999) observed
that African languages spoken today have a technological vocabulary associated with processing
moulding, manufacturing, shaping, and carving, all of which require appreciation of technology.
However, he cautions that part of the technological vocabulary has been lost because it is now
sparingly used. Dlodlo (1999) also indicate that the instructional strategies of informal
apprentices in the indigenous communities have been very effective in introducing new
apprentices to the intended knowledge and technological skills.

Countries such as Nigeria, for example, have been shown by Le Grange (2007a) to be successful
as a result of integrating their indigenous knowledge with the western science and technology. In
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addition, Ogunniyi (2007) observed that South Africa, Canada, USA, including Alaska, as wellas
some South American countries, are among those that have attempted to include indigenous
knowledge systems (IKS) within their science curriculum. In this regard, Deloria and Wildcat
(2001) claim that native American learners radically transform scientific knowledge by
grounding themselves in their traditional knowledge about the world and work this

understanding into the western format.

The literature also indicates studies where western indigenous artefacts with physics concepts
embedded in them have been integrated in the physics concepts explanations, demonstrations
and descriptions. Kawooya (2006) discusses the absurdity of rejecting the worth of African IK,

which happens through traditional acquisition and oral transmission of knowledge.

It has been argued that the delivery of school science and technology does not take into
consideration the learner*s sociocultural background and ways of knowing (Ogunniyi & Ogawa,
2008). The education system does not acknowledge the incompatibility between the culture at
home and immediate community and the culture of school science (Dlodlo, 1999). Science is
being taught out of context as observed by (Gwekwerere, Mushayikwa, & Manokore,
2013).Familiar and every day experiences of learners are not sufficiently represented in science
lessons (Na and Song, 2014). Formal physics education a and imported paradigms have
redefined and socialised Zimbabweans out of their indigenous knowledge systems to suit western
based scientific views. This has forced Zimbabweans to abandon their traditional strategies of
teaching and learning and adopt alien western pedagogical approaches (Dlodlo, 1999).
Consequently, school physics instruction sometimes disrupts the learners™ worldviews by trying
to force them to abandon and marginalise their life world concepts and reconstruct in their place
new ways of conceptualising reality (Simasiku, Ngcoza, & Mandikonza, 2017). Physics concepts
are being presented to learners as disconnected to the knowledge the learners bring into the

physics laboratory from their homes.

These foreign teaching and learning strategies make the subject more abstract and difficult for

both teachers and the learners. Science as a subject and Physics in particular is not readily
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accessible to learners because of its abstract nature and technical language which is different

from everyday language (Lemke,1990).

When a Zimbabwean physics student thinks about physics, he or she moves beyond a locally
supportive context, into something that is far-fetched, abstracted, and dislodged. There is no
harmony between school physics and the culture at home that can promote transition of learners
in the physics laboratory. There is need to refocus science teaching by using local contexts or
materials to deepen learner’s understanding of science and its relevance to the local
environments(Nashon & Madera, 2013). Local contexts should be used to explain physics

concepts and phenomena.

2.2 PHYSICS AND PEDAGOGY IN ZIMBABWE

After independence, the government of Zimbabwe put in place numerous innovative projects to
improve the teaching and learning of science in schools (Gudyanga et al., 2013; Gwekwerere et
al., 2013; Mtetwa, Makamure, Kwari, & Chipangura, 2003). Besides a new curriculum and the
National Science and Technology Education, the innovations include the Science Education In-
Service Teacher Training Programme (SEITT), the Zimbabwe Science Project, Quality
Education in Science Teaching (QUEST), the Business Education Partnership of Zimbabwe
(BEPAZ) and the Better Environmental Science Education (BEST) (Gudyanga et al., 2013) and
the recently launched Science, Technology Engineering and Mathematics (STEM) programmes.

The contributions of these initiatives are outlined below.

The Science Education In-Service Teacher Training (SEITT) programme

The programme started in 1994 (Gudyanga et al., 2013; Gwekwerere et al., 2013). Its overall
objective is to improve the teaching of A Level sciences and mathematics in Zimbabwean high
schools. To achieve this, SEITT used to run a two year in-service diploma through the University
of Zimbabwe to educate resource teachers (RTs). SEITT used to organise and facilitate content
specific and pedagogical workshops for science teachers (Mtetwa et al., 2003; Tambo, Mukono,
Mushaikwa, Chavunduka, & Mtetwa, 1999). In 1999 SEITT produced contextualised teaching
resources that included written contextualised science curriculum materials
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(Gudyanga et al., 2013). Gudyanga et al. (2013) indicate that the printed curriculum materials
like textbooks included examples that were derived from out of school every day experiences of
the learners so that they can probably realise how school science is related to some aspects of
their daily lives SEITT has also established ten regional science and mathematics centres
(SMCs).It is through these centres that a number of programmes were being effected; that is,
networking of teachers through cluster groupings and an e-mail facility, production of
curriculum materials and a subject based workshop programme.

SMCs offer the following facilities to the A level teachers:

e Textbooks and programme Kits for the teaching of A level science and mathematics.

¢ Resource files per subject that contains lots of teaching ideas extracted from journals.

¢ Journal titles with material specific to the A level syllabus.

¢ Video cassettes with a variety of recordings of A level topics.

e An overhead projector.

¢ A photocopier.

(1A computer and a printer.
The programme has opened networks for teacher-to-teacher interaction that includes the sharing
of practical teaching ideas through attendance at SEITT workshops and subject cluster meetings.
SMC facilities are available for use by all A level science teachers (see Table 2.1).
The SEITT program is no longer in operation and currently there are no similar professional

development efforts in Zimbabwe (Gudyanga et al., 2013).

Zimbabwe Science Project

The Zimbabwe Science Project (Zim-science) was an attempt to improve the teaching and
learning of Sciences in rural areas of Zimbabwe (Gudyanga et al., 2013). Rural schools had no
laboratories or electricity. The project sent kits to schools, which included basic science
equipment, which ensured sustainable participation in science education for the majority of the
country”s secondary schools. The Nziramasanga report of 1999 said that the Zim-science
approach attracted many schools because people found it more sustainable (Gudyanga et al.,
2013). The project received world recognition and the World Bank used it as a model for
educational development programmes in other countries. Botswana implemented a similar model
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using kits purchased from Zimbabwe Nziramasanga (1999).

Quality Education in Science Teaching (QUEST) project

Designed to decentralise the in-service training courses and empower teachers to make decisions
about issues that affect them at school level, the Quality Education in Science Teaching
(QUEST) project provides teachers with a platform for sharing ideas and discussing problems
(Gudyanga et al., 2013). Nziramasanga (1999) reported in that 77 science district resource
centres had been established (Gudyanga et al., 2013). These are managed by two trained advisers
per district who, among other duties, fund-raise and determine the needs in their districts with the

intention of finding strategies for solving them.

Science, Technology Engineering and Mathematics (STEM) Programmes

In 2016, the Ministry of Higher and Tertiary Education, Science and Technology Development
launched the Science, Technology Engineering, and Mathematics (STEM) Programmes. STEM
is an educational programme that aims to equip learners with scientific, technological,
engineering and mathematic skills (Parawira, 2016; Raju, 2014). Tsupros (2008) defines STEM
as an interdisciplinary approach to learning where rigorous academic concepts are carried out
with real world lessons as learners apply science, Technology, Engineering and Mathematics in
context that make a connection between school, community, work and global enterprise. STEM
involves the integration of the four subjects (mathematics, biology, chemistry, and physics) into
one cohesive teaching and learning paradigm (Tsupros, 2008).

The intention of STEM is to motivate Ordinary Level School leavers to take a combination of the
STEM subjects (mathematics, biology, chemistry and physics) at Advanced Level, enabling
them to enrol in STEM degree programmes at the country™s universities in 2018. The other
objective is to stimulate interest in mathematics, biology, chemistry and physics as foundational
pillars of STEM competences.The programme also renders to schools support in infrastructural
development, teacher development and financial support to both schools and learners (Dekeza &
Kufakunesu, 2017).The government ministry pays full tuition fees, levies, examination fees and
boarding fees for such learners at government, mission and council schools. Other incentives are
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also offered to motivate those who have enrolled in the subject to remain in school. For instance,
some learners, who registered at public schools in 2016, won a trip of their lifetime to Microsoft
and other Silicon Valley STEM companies in the US. In lucky draws, some learners won STEM
laptops and STEM iPads and some schools won money amounting to $ 100 000 and even a 30-
seater STEM bus.

The Better Environment Science Teaching (BEST)

This was considered as the bedrock of science teaching at primary level. This program® activities
included writing of a new primary science syllabus and in servicing of teachers, heads, District
Education Officers and Education Officers (Gudyanga et al., 2013). It also focused on how the
environment could be used as the laboratory for biological and physical sciences. The conceptual
framework and implementation of the project was led by Zimbabwe while the funding was
provided by the German agency for technical cooperation (Gudyanga et al., 2013). Its weakness
was that adequate steps had not been taken to secure local funding in the event of the donor

moving out.

The National Science and Technology Education

The second Science and Technology Policy was launched in June 2012 to replace the earlier
policy dating from 2002. The main objectives are: Strengthen capacity development in STI,
Learn and utilize emerging technologies to accelerate development; Accelerate
commercialization of research results; Search for scientific solutions to global environmental
challenges; Mobilize resources and popularize science and technology; and foster international
collaboration in STI. The Ministry of Science and Technology Development has reviewed the
S&T Policy of 2002 with a view of developing a more up-to-date one that takes into account new
national and global S&T challenges, embraces national STI needs in order to address specific
economic growth and wealth creation issues (Republic of Zimbabwe, 2013).

The policy requires that, every O Level secondary student to study mathematics and at least
two other science subjects; practical experiments should exploit the background experiences of
students and encourage interest across gender; Science subjects must be taught in a manner that
allows each pupil to undertake direct practical experimentation regularly.
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The Second Science and Technology Policy indicates the government commitment to allocating
at least 1% of GDP to GERD, focusing at least 60% of university education on developing skills
in science and technology and ensuring that school pupils devote at least 30% of their time to
studying science subjects(Republic of Zimbabwe, 2013). This confirms the high value attached
to the learning of sciences by the government.The policy recognizes the important role IKS has
traditionally played in daily life and development in Zimbabwe. The policy highlights that some
aspects of IKS like soil cultivation, animal breeding herbal medicine are gradually phasing out of
people” memory. Many of these traditions and products can still play important roles in the
future development of Zimbabwe (Republic of Zimbabwe, 2013). Policies that will help
Zimbabwe to benefit from the Indigenous Knowledge Systems should encourage development of
a database on IKS with a view to identifying aspects that can be exploited using modern science
and technology for national benefit and promote research on potential applications of IKS to
future national developmental challenges (Republic of Zimbabwe, 2013). The policy also

proposes the development of courses on IKS that is suitable for inclusion in the school curricula.

Teachers have also imbarked on Continuing Professional Development (CPD) programmes.

Schostak et al. (2010), CPD is a continuing process outside undergraduate and postgraduate
training that enables individual teacher to maintain and improve standards of classroom practice
through development of knowledge, skills, attitudes and behaviour.The progrommes include
meetings,national or provincial conferences as well as accredited university courses. . Masvosve
(2017) observed an increasing number of teachers enrolling for futher study at the country’ main

universities.

Despite all these innovations, Nyamanhindi (2014) notes that the number of pupils failing
science subjects is ever increasing and most learners continue to shun the sciences. Gudyanga
etal. (2013) observed that learners lost interest in science even when teachers adopted hands-on
activities in their teaching. There is also an increase in the dropout rates and irregular lesson
attendance amongst science learners. Nyamanhindi (2014) observed that the teaching of science
and the performance of learners had continued to be affected by a number of challenges, which
included lack of appropriate equipment, inadequate resources for effective practical activities,
shortage of trained teachers and use of inappropriate teaching methodologies.
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2.3 IKS AND PHYSICS ACCESS

In order to improve access, achievement and relevance in physics, researchers such as
Barton (1998), Shava (2005), Shava (2016) and Handayani et al. (2019) proposed the integration
of IK artefacts in the teaching of physics. In this regard, Barton (1998) had indicated that
academic failure in science among learners from indigenous communities could be
attributed to the learners struggling to understand, gain access to, and find relevance in the
culture and practice of science as framed by the school. A publication from UNICEF (2004)
contends that every child has the right to education, and to a system of education that values
his or her culture, language and community, and access to and participation in schooling
without discrimination or hindrance. These rights are enshrined in the 1989 Convention
on the rights of children. Participation in science is accordingly taken to be a human right
(Banks & Banks, 2005).

Fensham (2000) has identified three dimensions in access to science. The first dimension is
about physical access, which involves access to teachers, facilities, courses. A second dimension
of access is about outcomes that demand that access should involve both effective and
meaningful learning. In this dimension, issues of purpose of learning and the content of
learning are valued. Questions like ,,Which science? Whose science? and Why?* are asked.
The third dimension is about pedagogy. The pedagogy should enable different learners to learn

effectively, taking into consideration their backgrounds, context, learning styles and aspiration.

The are many opportunities that are inherent in the use of IK artefacts in physics instruction
as observed by Shava (2005). Among such opportunities Grenier (1998) included benefits
of adopting methods of imparting content knowledge (e.g. use of indigenous games,
storytelling, use of artefacts in demonstrations), pedagogical content knowledge and aspects of
subject matter content. Kapoor and Shizha (2010) argue that the integration of IK in
instruction started very long ago in Zimbabwe. In primitive societies people would use the
knowledge they had already acquired and pass this on along with new information or ideas to
their fellows. Popular teaching methods would have included the use of songs, art works,
participant observations, experiential learning, modelling, meditation, prayer, ceremonies
such as rain making (see Figure 2.4), learning through authentic experiences,
individualized instruction, and learning throudt® enjoyment. Experienced elders from the

society were used as tutors who would teach animal



husbandry, agriculture, boat building, weapon making, and many other skills.

Figure 2.1: Rain-making Ceremony in Zimbabwe (Source: Photograph from one of the teachers)

Mapara (2009) mirrors these ideas that education in the pre-colonial period was offered by elders
at different forums using different strategies. Shizha (2006b) also asserts that it was the mothers
in the communities who were mainly responsible for ensuring that the children learned. Mapara
(2009) posits that young men were taught skills at the dares (homestead meeting place for males)
to make for example, maduwo (fishing traps) and implements such as hoe handles. Young
women were taught domestic skills by older women in the cooking houses, for example, pottery
etc.The content taught, instructional strategies, instructional technology and the instructional
media were essentially traditional and rooted in the environment (Peat, 1996). There was no
expert input in the sense of curriculum content and pedagogy, but everything was a result of
lived experiences and a deep understanding of the prevailing needs with a desire for education
that served a purpose in the community. Local artefacts were used as examples, in analogies and

as instructional aids, in demonstration of skills and ideas.

The use of IK in instruction was therefore effective, meaningful, and relevant, since these
indigenous societies were self-sustaining in their needs. Semali and Kincheloe (1999) agree that
such a body of knowledge sustained people who, furthermore, relied heavily on oral and other
traditional transmission methods of such knowledge for all their survival; that is until they were
colonised and introduced to education through printed matter. Moreover, Semali and Kincheloe
(1999) have also observed that some local people had sustained themselves better prior to
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colonization, when they owned locally developed and traditionally shared knowledge, than was
the case after colonization. IK and its associated strategies helped indigenous people to adapt to
and survive in a variety of habitates for thousands of years(Battiste, 2014). The model of
education has been used as a way of acquiring life long learning and has been the basis for
sustainable development in agriculture, food preparation, healthcare, conservation and other

sectors for many centuries(Omolewa, 2007).

McDermott (1997) posits that the riches of indigenous languages, world views, teachings and
ways of teaching and experiences were systematically excluded from contemporary educational
institutions and from Eurocentric knowledge systems. Semali and Kincheloe (1999) add that
this exclusion resulted in some nations losing their survival systems. In such an example,
Thomson (2003) argues that the Republic of Congo experienced a decrease in its cereals
production due to adoption of western farming practices during colonialism and noted that a
threshold point had been reached where the country could no longer sustain its food
requirements. In consequence, it was proposed that people revert to the use of some indigenous
practices that had sustained them many years before colonization. Brokensha (2011) has noted a
similar situation among Zimbabweans and the Science, Technology and Innovation policy of
2012 also enshrines this call for people to revert to the use of some indigenous practices that
had sustained them many years ago. Zimbabwe like other African countries has a very rich body
of indigenous knowledge systems which find their expression in their technologies, medicine,
local education systems, animal husbandry, crop production, climatic control and management
(Chirimuuta, Gudhlanga, & Bhukuvhani, 2012). Ogunniyi and Ogawa (2008) noted that the
IK that existed prior to colonization in Zimbabwe had been devalued and eliminated from the
school discourse. Science classes became a field site for the learning and practice of
western science and scientific worldviews. Leon and Elias (1998) observe that schools were
regarded as being in communities, but often not of the communities. They also observed that
currently 1K has been accorded a low status by many people, particularly in comparison with
the status of western science taught in schools. According to Peat (1996) earlier theorists saw
traditional knowledge and institutions as obstacles to development. These theorists perceived
IK as being far removed from options intended to propel development and so solve pressing
problems in communities.
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Jaya (2011) argues that because of these developments, IKS and use of its associated artefacts
were subdued by the colonizers. Colonisation has seen indigenous people watch their knowledge
being eclipsed by western knowledge, imposed on them by western institutions(Handayani et al.,
2019).

For IK, its lack of documentation, and its lack of clear ownership, or development processes or
strategies made it easy for people to ignore it in favour of western science and strategies. In
Zimbabwe, there was no effort by the colonialists to promote or preserve IK and its associated
artefacts, which Emeagwali (2003) notes was in contrast with the situation in countries such as
Ghana(Emeagwali, 2003). Furthermore, as Zazu (2007) notes, much African IK remain tacit,
sacred and embedded in practices, relationships and rituals, by which it is often transferred orally
between generations. In this regard, Nyembezi and Nxumalo (1996) unsuccessfully attempted to

compile some of the indigenous vocabulary because of lack of written records.

Corsiglia and Snively (2001) reason that the persistent association of indigenous science with
spirituality, cultural values, and myths has made people doubt its alignment with science,
particularly due to the lack of evidence of this kind of knowledge. This is thought to be one of
the reasons for western physics possibly missing out on areas worth understanding. As Siegel
(2002) emphasizes, western science is not the only way of understanding the natural world.
Kawagley et al. (1998) also argue that there is no single origin of science; instead, science has a
plurality of origins and plurality of practices. They add that there is no single way to do or think
science. As Ogawa (1995, p. 588) defines it, science is a rational way of perceiving reality.
Drawing from his definition, a conclusion can be reached that science exists in many different
legitimate forms. It is a human creation which involves human activities and is formulated and

interpreted by the people concerned.

According to Mokuku and Mokuku (2004), argues that institutionalized formal physics learning
has been decontextualized. At the Southern African Association for research in Mathematics,
Science and Technology Education annual conference held at the University of Zimbabwe in
1999, Southern African science educators unanimously agreed that science was being taught out
of context (Gwekwerere et al., 2013). It can be observed that the Advanced Level physics
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curriculum is poorly contextualised and shows little inclusivity with respect to local examples
and cultures that informs pedagogy. It appears to have been lifted from external sources rather
than adapted for Zimbabwe. Science has remained foreign to the majority of learners in the
school (Aikenhead, 1996). The context in which teaching and learning of physics occurs is
foreign as well as the content taught in class, which has an alienating effect on the learners.
Several writers argue that argue that the feeling of foreignness comes from the differences
between the worldview of the learners and the worldview generally embraced by the western
scientific community (Cobern, 1996; Gudyanga et al., 2013;Jegede & Aikenhead, 1999).
Aikenhead (1997b) claims  that, even at firstglance, observation of the language of
science, science texts and many scientific methods suggest systematic racism. Furthermore,
Ogunniyi (1988) and Jegede (1988) argue that science textbooks and subtexts present western
science as a powerful, objective, and reliable knowledge, with very little room for alterations.

The world is busy reorienting itself towards the democratization and equal treatment of all
humanity, as entrenched in human rights, as Emeagwali (2003) asserts. Indigenous communities
are struggling to maintain their rights, tradition and their knowledge (Handayani et al., 2019).
Alongside this development, intellectual property of indigenous cultures has become the subject
of research and debate. In this regard, Brokensha, Warren, and Werner (1980) argue that
ignoring indigenous people’s knowledge is almost guaranteed to ensure failure in their
development. Economic development in the global context requires understanding and
application of western science and local development needs a mixture of both western and
indigenous knowledge to complement each other. Such a combination involves the engagement

of different cultures and acknowledgement of alternative ways of knowing and doing.

There has been growing awareness among non-western nations of the need to revive the science
that is embedded in their IKS. In South Africa since the advent of democracy, IKS has been
moved from the margin to the centre I policy, research, higher education and schooling(Naidoo
& Vithal, 2014). Le Grange (2007a) argues that South Africa has to use western science as well
as the ideas from IKS for social and economic development to occur. Ogunniyi (1995) argues

that the Japanese never lost their cultural identity when they introduced western science and
technology in the 20th century. Ogunniyi (1995) further argues that the Japanese did not
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introduce western epistemology or worldviews but only introduced the practical products of
western science and technology. They continued to use their own cultural knowledge, language
and values prominently in their schooling systems. They continued to present science within
their whole cultural knowledge in a way that embodies their IK and IK artefacts. The Japanese
have managed to maintain world science standards even though they have multiple IKS
integrated in the curriculum. Similarly, among the First Nations in Alaska, there exist national
laboratories in which indigenous and non-indigenous scholars get first hand experiences of
integrating western science teaching and learning with IK (Barnhardt & Kawagley, 2005).
Many countries are making effort to integrate their IK into their education system. Zimbabwe is
striving to join other progressive countries in championing the reintroduction of the use of IK in
the teaching of culture, of which physics is part. In Zimbabwe issues of relating school science
to learners™ real life experiences are still a challenge for most teachers (Gudyanga et al., 2013).

Brokensha et al. (1980) argue that the emergence of indigenous knowledge in the teaching and
learning of science was partly triggered by ethnographic studies conducted in nations that were
at one time colonised by Europeans under their expansionist agenda. Kapoor and Shizha (2010)
notes that since independence, in Zimbabwe there has been an insignificant shift away from
exclusively Eurocentric ideas towards the inclusion of traditional knowledge and pedagogy in
the education system. The integration of IK artefacts in the teaching of science is one strategy

that can be used and is discussed next.

24 TEACHERS AND THE INTEGRATION OF IK ARTEFACTS IN THE TEACHING
OF PHYSICS IN ZIMBABWE

Knowing the content of physics does not necessarily mean that a person can teach the subject, as
Chavhunduka (2000) argues. Chavhunduka (2000) explains that a good physics teacher should
be able to make points clearer for learners and use analogies that help learners understand
difficult ideas. The teacher should be able to acknowledge learners™ ideas and use relevant multi-
instructional media in lesson delivery. A good teacher is, therefore, one who has both the content
knowledge and ways of communicating this knowledge effectively to the learners. Chavhunduka
(2000) also indicates that physics teachers should be able to modify the textbook subject matter
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content and his or her own subject matter knowledge in order to communicate and interact with
the learners in a way that brings the content to life. Physics concepts are easier to understand if
the explanations are carefully illustrated. The illustrations make a good impact if they are

accurate and contextually appropriate.

Teaching and learning should tap into IK to facilitate learning among learners coming from
particular backgrounds that may block the understanding of physics concepts (Aikenhead, 1996).
Holiday (2000) adds that most educators agree that effective teaching involves use of learners™
prior knowledge, which include ideas, concepts, data, and even the learners®™ IK artefacts. A more
realistic and comprehensive education system should contain IK of learners(Assié-Lumumba,
2016). Chavhunduka (2000) argues that, there is little value in using illustrations of something
found in America or Britain, when a similar artefact is available within the learners"
environment. Teachers should illustrate physics concepts through well-known everyday
experiences and artefacts. This can add humour to the related content, which also motivates the
learners to want to learn more. This in turn would enable learners to interpret their own

environment and also to apply physics in solving their community*s problems.

The integration of IK artefacts in the teaching of physics, as Klos (2006) argues, lays a
foundation for celebrating cultural heritage among minority cultural groups, which may result in
motivation of indigenous learners. Kozulin (2003) emphasizes the use of knowledge brought by
learners from home as being important for learning new concepts by supporting and
complementing logical thinking. Hooley (2000) adds that this can lead to the reconciliation of
traditional knowledge with physics. Okebukola (2012) is of the view that integration of learners™
social-cultural background in physics teaching helps to demystify science, instead of seeing it as
a preserve for the elite. By contrast, failure to incorporate learners™ sociocultural practices into
the teaching of science leads to the transmission of science content that Ogawa and Aikenhead
(2007) refer to as socially sterile, impersonal, frustrating and intellectually boring. The exclusion
of indigenous worldviews, knowledge and methodologies provides an incomplete picture of the
world which is detrimental to all people(Battiste, 2014). Integration of IK facilitates subject
matter learning and can make learners grab and apply subject matter knwledge(Abah, Mashebe,

& Denuga, 2015). Shava (2016) adds that indigenous approaches can augment learning
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processes in the formal education contexts and make the curricula relevant to African
context.Solomon (1999) argues that it is detrimental to ignore or down play the influence of

home and families on the education of learners.

Generally teachers do not include IK in the teaching of science in schools in Sub-Saharan Africa
in spite of the policy imperatives (Shizha, 2013). Many teachers in Zimbabwe have developed a
negative attitude towards some IK, as a result of western influences (Shumba, 1999). The
situation is exacerbated by most teachers in Zimbabwe having never been trained on how to
teach a culturally appropriate curriculum. A majority of teacher education programmes in
Southern African countries have not equipped science teachers with the necessary knowledge
that would enable them to teach science in context through tapping on learners™ out-out-of
school or home (Gwekwerere et al., 2013). They know little about ways of enacting IK in the
classroom. Teachers in Zimbabwe have adopted teaching and learning activities which do not
suit their environment and context (Gwekwerere et al., 2013; Shumba, 1999). Teachers have
limited skills on contextualisation of science teaching and also lack resources that would enable
them to do that as noted by Gwekwerere et al. (2013).

2.5 SCHEME FOR CATEGORIZING CULTURAL KNOWLEDGE IN THE PHYSICS
CLASSROOM

When implementing a science-IKS curriculum, there exist different categories of IKS, defined

by the ease or difficulty with which they could be included in science. George (1999) has

proposed a general scheme for categorizing cultural knowledge for use in the science classroom.

She suggested four categories are described next.

Category 1: Traditional knowledge can be explained in terms of western science. For example,

the practice of using a mixture of lime juice and salt to remove rust stains from clothes can be

explained in conventional science terms of acid-oxide reactions. In this case IK artefacts can be

used to explain western science concepts. The artefacts, or some properties of the artefacts, are

used in demonstrations and examples or in some learning activities.

Category 2: Traditional knowledge can probably be explained by conventional science in the

future. For example, a brew made from a plant ,,vervine™ that can be used in the treatment of
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worms seems to have pharmacological properties, but these have not yet been fully tested. In this
situation IK artefacts and their properties are explained using the western science concepts. This
may effectively bring out physics concepts embedded in the artefacts. Category 3: A
conventional science link can be made to traditional knowledge, but the underlying principles
are different. For example, traditional knowledge states that sugars cause diabetes, whereas
conventional science claims that when one is diabetic, the ingestion of sugars can worsen the
condition. In this situation the knowledge systems complement each other and help to extend the
knowledge base of each other.Category 4: Traditional knowledge cannot be explained in
conventional science terms. For example, there is no conventional science explanation for the
claim that if one cuts one™s hair when the moon is full, the hair will grow to an increased length.
Categories 1 and 3 lend themselves to easier implementation in the classroom than categories 2
and 4 (George, 1999).

26 WESTERN INDIGENOUS ARTEFACTS WITH PHYSICS CONCEPTS

People use their own cultural experiences to explain concepts. For A level physics, the textbooks
are mostly published in Britain so they adopt western cultural explanations. In Zimbabwe we use
their textbooks without modifications. Shumbayaonda (2015) argues that western science treats
all countries as if they were the same, yet there are a lot of differences which should be
addressed individually. Shizha (2006b) argues that western science borrows its knowledge from
western IKS, so the inclusion of our own indigenous knowledge in the learning of Physics is a
form of reconciliation and social justice. It is an attempt to balance knowledge systems.

Consider examples given in two textbooks suitable for A level and beyond. In a textbook from
the United states, Gibbs (1994) describes how J.J. Thompson, an English scientist, used an
example common in England when explaining his model for the structure of the atom. He used
the analogy of a ,,Plum Pudding™ to describe his model of the atom; the positive charge being the
pudding and negative particles being the plums. In another textbook, Hutchings (1996) also
indicated that tuning forks are like forks used as kitchen utensils, which he uses to demonstrate
the production of sound energy. Sports and traditional games common in western culture are
often used to illustrate physics concepts, such as the path followed by a ski-jumper or surfer in
describing projectile motion. Hutchings (1996) also used the game of basketball to describe
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projectile motion. Snooker balls are also used to describe relative motion, collision and
conservation of momentum. Gibbs (1994) demonstrates circular motion using someone riding a
big wheel at a fairground. Car steering wheels are also used to demonstrate the action of couples
and torque. According to Gibbs (1994), the application and effects of Bernoulli effects can be
demonstrated using aircraft wings and Bunsen burners. These examples are all western artefacts.
They are supposed to help learners understand physics concepts.Western scientists have used
many analogies from their cultural context to explain and describe physics concepts. For
example, a photon was seen to be analogous to a ,,packet of energy”; bombs are used to show an
application of the principle of conservation of momentum. Western scientists have also used
letters from their traditional alphabet to represent the physical conceptsand quantities, such as the
Greek letters @ and B, which are used to represent magnetic flux and magnetic flux density,

respectively.

The above examples illustrate how western artefacts and examples are used in physics but rarely
local artefacts and examples. Clearly, there has to be a transformation of how local textbooks are
written.
2.7 SUMMARY
The reviewed literature has unravelled the views and experiences of different researchers,
policymakers and curriculum designers, among others, who advocate for a culturally integrative
science pedagogy, which is heavily grounded in indigenous knowledge systems. Literature
indicates that the integration of IK artefacts and instructional strategies were used long ago in
traditional societies. These have proved to be effective in helping learners understand concepts
and master some technological skills, and even in provoking creativity and critical thinking. The
successful passing on of ideas and skills from one generation to another as well as the invention
of new traditional technologies supports the idea that such an instructional strategy was effective.
Literature suggests that if this strategy of integrating IK artefacts in the teaching and learning
processes is employed in the teaching of Advanced Level physics it will also have
unquestionable positive results. The reviewed literature did not show any attempt by researchers
to look at the integration of IK artefacts in the teaching of Advanced Level physics, in general,
and in mechanics, in particular. This is the silent gap that the researcher has identified and which
this research study is intended to fill.
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Chapter 3
THEORETICAL FRAMEWORK

3.1 INTRODUCTION

In this Chapter the Theoretical and the conceptual frameworks that guided the study are outlined.
The theoretical framework of the study was influenced by ideas from Vygotsky*s sociocultural
theory of learning. The research framework was based on the social and cultural realities of the
communities and schools that made up the sample of the participants. This influenced the
researcher to locate the study within an indigenous research paradigm. The link between the

theoretical and the conceptual framework was also highlighted.

3.2 VYGOTSKY’S SOCIOCULTURAL THEORY

Vygotsky identified methods that can be used to study and explain human activities. He adopted
an approach in psychology that valued the essential relationship between an individual’s mental
processes and that individual“s interactions within his or her cultural, historical and institutional
setting. Vygotsky attempted to explain human consciousness development and represent it by a

triangle of mediated action. The graphic presentation is shown in Figure 3.1.

Mediating
Artefact/Tool

Subject Object

Figure 3.1 Vygotsky“s basic mediated action triangle

The components of the mediated action include the subject, object and mediating tools. The
subject is the individual or individuals engaged in the activity. Mediating tools include artefacts,
social others and prior knowledge. Knowledge of the subject contributes to the subject”s
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mediated actions and experiences within the activity. Actions refer to processes in which the
subjects engage for them to achieve the objectives or goals. These could be a teaching or
learning procedure or programme. Mediated action involves the interaction among the individual
and mediating artefacts or tools, and the signs that result from the interaction. Signs are
impressions made on individuals while interacting with artefacts or tools. These may assist
individuals in the development of consciousness (Vygotsky, 1987). In a similar way Wertsch
(1985) had earlier asserted that human activity is a process involving artefacts that act as
technical tools and signs that act as psychological tools, both of which are available in the social
environment. Signs do not have a concrete physical existence in the environment, but they serve
as by-products of the interaction process between the individuals and artefacts or tools to mediate
the thought process (Vygotsky, 1978). Signs facilitate internalization and appropriation in the
thought process, which may indicate the level of understanding of concepts by learners in a
learning program.The processes mediated by artefacts contribute to the formation of individual
consciousness within their environments, and even in changing or dynamic environments. This is
achieved through some “mediated actions”. Mediated action is viewed as a means of
interpersonal communication during the interaction among subject, tools, signs and objects,
while the subject develops new signs that help make meaning of the world (Kozulin &
Presseisen, 1995). In the physics class, mediated action may refer to all the forms of
communication between the teacher and the learners as they interact with the pedagogical tools

as they acquire new concepts in their learning process.

Once the sign materializes, the subject can transform the sign into an artefact or a cultural tool
by way in which she or he decides to continue to use and share the sign. A cultural tool is an
artefact that has gained value among participants, not only as a temporary tool for engaging in
immediate activity but in many different environments, contexts and activities. It means that
when a student has acquired some knowledge in the form of these signs he or she can use the
acquired knowledge as a tool to understand other new concepts or apply the knowledge to solve

problems in different situations. This confirms that the knowledge which learners bring into the

physics class can be used to enhance learning of the new concepts by the learners.

Vygotsky used the concept of internalization to explain how individuals process what they learn
through mediated action to develop individual consciousness. Internalization can be understood

in one respect as ,,knowing how". Another component of internalization is appropriation, in
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which the child takes a tool or artefact and makes it his own, perhaps using it in a way unique to
him or herself. Internalizing the use of an artefact allows the child to use it for his or her own
ends rather than using it in exactly the same way as others in society have used it previously.
Vygotsky (1978) argues that every function in a child*s cultural development appears twice, first
on the social level, and later, on the individual level; that is, first between people (inter
psychological) and then inside the child (intra-psychological). This implies that learners learn
things better when the concepts are first presented or displayed in a social setting such as a
community. This may be during communities™ economic or socio-cultural activities; it may also
involve some community learning platforms like dares (Shona) where some elders in the
community make presentations and lead discussions on important ideas and indigenous
technological skills. The student then uses the experiences from the interactions to analyse and

make sense of new concepts and contexts as individuals.

Vygotsky argues that mediated action and internalization take place in the “zone of proximal
development” (ZPD). Figure 3.2 summarises ideas that are fundamental in Vygotsky"
sociocultural theory. It also shows the location of the ZPD.

Physical
Zone of proximal -
development

Cognitive

Current ability

Extended zone due fo |
favourable condifions ™=

Social

Figure 3.2 Vygotsky“s Zone of Proximal Development

The ZPD is a metaphorical tool for understanding where and how interactions between

individuals and their environments, including objects and social others, take place. In this

particular study, the ZPD indicates where and why the IK artefacts and indigenous pedagogical
51



strategies are of importance as scaffolding tools in the teaching and learning process. In this zone
interpersonal and intrapersonal activities blend, fuse, and no longer exist as different entities.
ZPD is that critical space where someone cannot quite understand something alone, but has the
potential to do so through the guidance by an adult, peer, or a more experienced person. This
zone is the area of exploration for which the student is cognitively ready to develop, but requires
help and social interaction to do so fully (Bruner, 1996). Proximal means next. Donald (2002)
clarifies that the Zone of Proximal Development is that space that lies just beyond a person‘s
present understanding and goes on to explain that “the ZPD is the critical space in the persons
current understanding, where through face-to-face mediation a new level of understanding can
fashioned. Likewise, Lantolf (2000) indicates that the ZPD is about what a person can do with
help, not as a permanent state but as a stage towards being able to do something on his or her

own.

The ZPD is a conceptual tool for understanding the complexities involved in human activity
wherein individuals engage in meaning-making processes and interact with the environment.

Collaboration, modelling, and scaffolding are among the strategies for supporting the learners”
acquisition of intellectual knowledge and skills acquisition. The teacher, or a more experienced
peer, is able to provide the learner with "scaffolding™ to support the learner's evolving
understanding of the knowledge domains or development of complex skills. Wood, Bruner, and
Ross (1976) define scaffolding as those elements of the task that are initially beyond the
learner*s capacity, thus permitting him to concentrate upon and complete only those elements
that are within his range of competence. Scaffolding include modelling a skill, providing hints or
cues and adapting material or activity (Copple & Bredekamp, 2009). Silver (2011) suggests that
when teachers plan to use scaffolding in instruction they should first assess learners™ current
knowledge of and experience in the academic content. The teacher should also relate the content

to what the student already knows and can do without assistance

Large tasks should be broken into smaller, manageable tasks with opportunities for intermittent
feedback. This makes the tasks simple to accomplish. Teachers should also use verbal cues and
prompt to assist learners. According to Wood et al. (1976), teachers should attract and sustain the

learners' interest in the task at hand and also manage the level of learners' difficulties.

Vygotsky (1962) indicates that the teacher, or local topic expert, plays the very important role of
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facilitator; creating the environment where directed and guided interactions can occur. In the
process of trying to create this environment, VVygotsky finds a significant role for what he called
tools. Tools include artefacts created by humans under specific cultural and historic conditions.
Vygotsky (1962) argues that humans do not act directly with the physical world without the
mediation of tools. Lantolf (2000) indicates that these tools can be used as aids in solving

problems that could not be solved in the same way if the tools were absent.

These show that tools can also be used in instructional scaffolding to facilitate learners
understand concepts in mechanics for Advanced Level physics. Wood et al. (1976) view
scaffolding as a tactic for helping the child in his or her ZPD in which the adult provides hints
and prompts at different levels. Van Der Stuyf (2002) argues that a system of knowledge can
also be part of the scaffold or tools. Mishra (2013) supports that; tools may include the resources
used in demonstrations and analogies given as examples during lessons. They also include
artefacts that can also be used as apparatus in experiments and investigations.

Therefore teachers can consider local culture, indigenous artefacts, and local ways of knowing as
well as community knowledge as intellectual tools of adaptation that can move learners through
their ZPD. These tools may also be employed by physics teachers to facilitate learners® transition
into the unfamiliar zone, and to provide mediated action and internalization as well as
appropriation of concepts by learners as they are being taught new physics concepts. The
mediated actions in the ZPD enable teachers to enhance learners™ understanding of mechanics
concepts through interactions with their indigenous culture and its associated artefacts. A similar
view is voiced by Maddux (1999), who asserts that technological artefacts can be integrated into
the teaching process to enhance instructional scaffolding because they promote communication,
contact and interaction. Handayani et al. (2019, p. 5) confirm that learners can acquire physics
concepts through their cultural values and beliefs. According to Bruner (1996), the teacher
should be trying to see how he could use what the learners already know in order to go beyond
what they already know. In scaffolding, the teacher does not simplify the task, but the role of the
learner is simplified through the well planned intervention of the teacher (Greenfield & Lave,
1982).

Teachers should regularly assess the ZPD of the learners even during the lesson. To this end,
Wood et al. (1976) suggested this assessment could be done through the following three steps.

e The teacher should demonstrate solving a problem and observe whether the learners can
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imitate the demonstration.

e The teacher should begin by solving the problem and ask the learners to complete the
solution.

e The teacher should ask the learners to cooperate with other more developed learners in
solving the problem.

3.3 CONCEPTUAL FRAMEWORK - INDIGENOUS RESEARCH PARADIGM

The research framework was based on the social and cultural realities of the communities and
schools that made up the sample of the participants. The social, historical, and cultural factors
influenced the new knowledge and understandings of reality that emerged. This influenced the
researcher to locate the study within an indigenous research paradigm. A paradigm is a set of
beliefs that together guide actions on how to carry out a research study(Wilson, 2001). Jonker
and Pennink (2010) define a research paradigm as a set of fundamental assumptions and beliefs
about how the world is perceived, which serves as a thinking framework that guides the

behaviour of the researcher.

Drawing from these definitions, a paradigm generally guides the researcher about, among other
things, where and how to get maximum cooperation and reliable data from the participants in
social research. Wilson, (2001) identified four components of a paradigm, which are our beliefs
about reality (ontology); how we think about reality (epistemology); how we use our ways of
thinking to gain more knowledge about reality (methodology); and a set of morals or ethics

(axiology). Ontology is the view of how one perceives a reality.

In this study the ontological assumption is that reality is dependents on social actors and that
individuals contribute to social phenomena. Epistemology includes beliefs about the way to
generate, understand and apply the knowledge that the researcher considers acceptable and valid.
In this regard, the methodologies that | employed in this research showed the ways of thinking of
integrating IKS and physics (epistemology) to gain knowledge about reality where IKS was
excluded in learners™ everyday experiences (ontology). In this study axiology brings with it the
role of values and the researcher*s position in the research in terms of these values. In this study
it was necessary that the researcher valued the cultural values in the designing of the research,
interpreting the results, and even disseminating the research findings at the conclusion of the
study. Throughout the study, the researcher adopted both objective and subjective points of view
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making the research value-bond.
Indigenous research paradigm

For a research study to fit within the indigenous paradigm, it should be guided by the
assumptions of that paradigm, and must relate to indigenous methodologies and indigenous

ethical practices. Indigenous research emphasizes the understanding and carrying out of research
from the perspectives of people whose ways of knowing were previously marginalized and,
therefore, should accord due regard to cultural protocols and values as an integral part of the
methodology (Smith, 1999). It is participatory in nature and respects the well-being of the

participants and provides a platform for the less powerful to be heard.

The values, beliefs and customary practices of indigenous communities should be embedded into
the research, be thought about, be declared openly as part of the research design, be discussed as
part of the final results of a study and to be disseminated back to the people in culturally
appropriate ways and in a language that can be understood by them (Smith, 1999). Indigenous
methodologies inherently recognize the importance of respectful and ethically sound
relationships with participating communities (Louis, 2007). An indigenous paradigm views
relationships as being central to the research process, thus knowledge and people are not seen as
,objects “ (Louis, 2007; Wilson, 2001).

Louis (2007) proposed four principles of indigenous methodologies, which are interconnected, as

indicated in Figure 3.

PRINCIPLES OF INDIGENOUS
METHODOLOGIES

Relational

E accountability
A =

- -

e \ By

Respectful Rights and

representation < d > regulation

Reciprocal
appropriation

Figure 3.3 Principles of indigenous research methodologies [Adapted from (Louis, 2007)]
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One principle behind indigenous research put forward by Louis (2007) is relational
accountability, which describes the network of relationships indigenous peoples have with both
their social and physical worlds. Relationships with participating communities are established
and can last beyond the duration of the study (Mclvor, 2010). Another principle is respectful
representation. This principle requires that the researcher think about how he represents himself
and community participants, and the events and phenomena in the study. Respect is about
listening intently to others” ideas and ensuring that your ideas do not dominate the research
process. The researcher thus has to show humility, generosity, and patience when interacting
with the participants (Louis, 2007). This principle requires that the researcher represent and

interpret participants honestly and truthfully.

The third principle shown in the diagram is about reciprocal appropriation; it requires that the
research process benefits all the participants. Consequently, it is the researchers ethical
responsibility to report back and share the new knowledge in terms of the research findings with
those who helped make it happen (Smith,1999). Furthermore, as suggested by Mclvor (2010),

reporting back the findings also helps the researcher to maintain relationships with participants.

Ethical rights and regulation require that the study respect local cultural protocols. The research
process needs to be collaborative; proceeding in a manner that shows a balance of power among

university, community researchers, and other participants.

| also deliberately incorporated the principle of humanity or unhu/ubuntu in the research
process. Unhu or ubuntu is the quality of being upright and humble. Ramose (1999) defines
unhu/ubuntu as humanness, characterized by respectfulness, politeness and sociality.
Unhu/ubuntu is a philosophy that inspires, permeates and radiates high mental and moral
attributes (Mdluli, 1987). Unhu/ubuntu is an African philosophy or worldview that emphasizes
symbiotic relationships among members of African communities (Keane, 2008). Hamminga
(2005) posits that unhu/ubuntu is manifested through respect, communalism, kindness,
generosity, honesty, caring for others and participation for the common good of the communities.
Venter (2004) echoes the same view; that it is for the common good of the society. Unhu/ubuntu
encompasses the attention one human being gives to other human being as kindness, courtesy
and a code of behaviour. Khupe (2014b) argues that unhu/ubuntu is neither an inborn quality, nor
is it eternally present within an individual. She adds that the family and the community are
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responsible for cultivating it among the children. Generally unhu/ubuntu involves respecting and
adherence to the values and acceptable code of contact of a particular society. These values and
the code of contact for a society are socially constructed and shared by members of that

particular society.

Unhu/ubuntu places strong emphasis on values and relationships. | deliberately incorporated
unhu/ubuntu in the study so that | could establish strong, respectful relationships with the
participants. This enabled me to interact with them in a relational manner. | applied unhu/ubuntu
in making decisions on language of communication, attending cultural events, visiting a
bereaved family, interviewing elders, teachers and even the learners or collecting materials that
could be useful for teaching and learning.

The infusion of unhu/ubuntu within the indigenous research framework into the socio-cultural
theory which guided the research resulted in a research framework with features that

are summarized in Figure 3.4.
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Figure 3.4 Humanity/unhu/ubuntu, indigenous methodologies and sociocultural theory [Adapted
from Khupe (2014b)]

The Figure 3.4 shows a synthesized combination of unhu/ubuntu, indigenous methodologies and
sociocultural theory. The diagram summarises the interaction among the three components for
57



this exploratory study. It indicates how the three aspects interplay and complement each other in
the research process. The arrows indicate the general progression of each component in the
research. At the centre | have shown IK and science. IK encompasses IK artefacts and science
represents physics and related western artefacts found in the physics class. The diagram shows
that the research should yield benefits for all the people involved in the research. The context in
which the research is conducted is considered important as it influences the responses of
participants, the research methodology, and even the results. Views of all the participants are

respected together with those of the elders.

3.4 LINK BETWEEN THEORETICAL FRAMEWORK AND THE
CONCEPTUAL FRAMEWORK

Currently the Advanced Level physics classes are taught by teachers with little knowledge of the
integration of indigenous artefacts in the teaching of physics. However, most of the teachers have
some pedagogical skills, which they acquired either through their initial training at teachers*
colleges or through workshops and in-service training courses. This means the teachers are able
to work effectively as mentors while learners explore some new areas. The teachers bridge the
gap that exists between the learners™ daily experiences and their physics classroom experience.
The teachers, as ,,cultural brokers”, guide the progress of learners from their familiar zone of
home across the ZPD into the unfamiliar zone, which includes classroom physics concepts and

their everyday applications.

The equipment in laboratories, which is dominated by artefacts derived from western indigenous
knowledge systems, is often unfamiliar to both teachers and learners in Zimbabwe. These
artefacts are ubiquitous as instructional aids and instructional technologies used during practical
demonstrations, as textbook illustrations and are also given as examples by the teachers in every
section of the content. The teachers employ them as mediating artefacts or tools in the hope that
they will effectively move learners from their familiar zone, into the ZPD, and through into their

unfamiliar zone as indicated by arrow in Figure 3.4.
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Figure 3.5  Expected effect of mediating artefacts (adopted from Wood et al. (1976)

Teachers generally use the western science equipment or artefacts with the intention of enabling
learners to understand concepts and improve their performances and interest in physics.
However, since learners continue to find the subject difficult and to perform badly in the subject,
it is clear that this does not work. The equipment or artefacts that are currently in the laboratories
and the pedagogical styles or strategies currently employed by teachers in the physics classrooms
are not ineffective and probably irrelevant as mediating tools. It means that, the artefacts are
failing to move the learners across Vygotsky*s three important zones; that is from the familiar

zone through the ZPD and the unfamiliar zone.

Therefore, there is an urgent need for teachers to find and integrate familiar mediating tools for
learners to interact with during mediated actions, together with their associated activities, which
should embody the teaching and the learning processes. The tools can be derived from the
learners® indigenous knowledge systems and the associated artefacts. IK and culture are tools
that help learners to conceptualise experiences and assist in developing and enhancing their self-
confidence and identities(Handayani et al., 2019, p. 1). This means indigenous artefacts can also
be employed or integrated into the teaching of physics concepts, as they can serve as effective

mediating tools. As Jegede and Aikenhead (1999) highlight, teachers need to
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have a good understanding of learners™ cultures and be willing to integrate that understanding

into their teaching.

Socio-cultural theory directs the researcher where exactly the research is to be located and
provides a clear focus of the research, which in this study is the pedagogy or physics instruction
and the associated instructional media and technology. In the context of this study, sociocultural
theory helps the researcher to analyse data through exploring and connecting the repository of
IKS that indigenous people have in their indigenous artefacts inventories, their communities and
environment, which could help learners to learn physics concepts. The theory also gives a
framework in which the appropriate transformation is expected to be implemented and the
conditions necessary for it to be effective. Overall, the theoretical framework influenced the

research design and methodology and was grounded in the indigenous research paradigm.

3.5 SUMMARY

The chapter discussed the theoretical framework, which guided the research. Vygotsky*s
sociocultural theory influenced the research. The idea of mediated actions in the process of
moving the learners across Vygotsky“s ZPD underlines the need for teachers to employ
indigenous artefacts as mediating tools. An outline of Vygotsky*s sociocultural theory was also
included in the discussion. The link between the theoretical framework adopted for the study and
the study was also described. The research was grounded in the humanity/unhu /ubuntu
philosophy encapsulated in the indigenous research paradigm. Aspects of indigenous research
paradigm and unhu /ubuntu philosophy were discussed. The next chapter will look at the
research design and methodology, which emerged from this theoretical framework.
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Chapter 4
RESEARCH DESIGN AND METHODOLOGY

4.1 INTRODUCTION
Chapter 3 presented sociocultural theory that is grounded in an indigenous research paradigm
and humanity/unhu/ubuntu as theoretical pillars of my study. | described how | constructed a
research framework which was used to inform strategy for the recruitment of participants,
sample size, data collection, interpretation, analysis and presentation. This interactive research
framework respected the importance of relationships and the context of the study. It also clarified

the location of the problem and the research focus.

In this chapter, | build on that framework to describe the research design: that is, the procedures,
participation, collaboration and activities that took place during this exploratory study. Kothari
(2005) defines a research design as a plan or structured framework for how one intends to
conduct the research process in order to solve the research problem. Research methodology, as
described by Sarantakos (2005) is a domain or a road map that is a theoretical and ideological
foundation of a research method. Wherein a methodology is a set of specific procedures, tools, or
techniques used to gather and analyse data. Research methodology generally implies the theories
behind the method (Le Grange, 2009).

In this chapter, | describe the research design giving its central foci clearly and outlining details
of recruitment of participants and their roles, sources and forms of data that would be sought and
how such data would be generated in the selected case studies. | then describe how the data
would be analysed. As guided by Sarantakos (2005), | gave a clear domain or map, outlining all
the steps, procedures, tools and techniques to be followed throughout the research within the
context of the research paradigm and theoretical framework outlined in Chapter 3. I do not, as
such, separate the methodology from the methods of collecting data; being influenced by Le
Grange (2009), who asserts that methodology and methods are inextricably interwoven.
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4.2 QUALITATIVE RESEARCH

A qualitative research design was adopted for the study. Qualitative research is difficult to define
clearly (Denzin & Lincoln, 2011b).The separate and multiple uses and meanings of the methods
of qualitative research make it difficult for researchers to agree on a definition (Denzin &
Lincoln, 2011b). Those who have attempted to define qualitative research (Hatch, 2002; Lincoln
& Denzin, 2005; Richards & Morse, 2007; Stake, 2010), revealed the following ideas in their
definitions: Face to face research conducted in naturalistic settings, focus on rich descriptions
and understanding of participants point of views or meanings, researcher is the primary data
collection instrument, inductive analysis of data, flexible designs, purposeful sample selection
and holistic understanding achieved through collection and analysis of data from multiple
sources and perspectives. Denzin and Lincoln (2011b) add that qualitative research does not
belong to a single discipline and do not have a set of methods and practices that are distinctive
and entirely its own. The qualitative researcher relies on bricolaging. The qualitative researcher
as a bricoleur or maker of quilts uses the aesthetic and material tools of his or her craft,
deploying whatever strategies, methods, and empirical materials which are at hand. The research
practices adopted in qualitative research depend on the research problem or question, context and
settings, the need to help empower individuals to share their stories and enact meaningful social
change and to generate theory where little information exist (Cresswell, 2003; Richards &
Morse, 2007).

In this particular research qualitative research has been viewed as a naturalistic inquiry that
seeks an in-depth understanding of the phenomena using multiple systems of inquiry such as

case studies, questionnaires, and observations within a natural setting.

4.2.1 Case study

| decided to adopt a collective or multiple case study design. Yin (2009) defines case study as a
research design that involves an empirical inquiry that investigates a contemporary phenomenon
within its real life context; where the boundaries between the phenomenon and the context are
not evident; and in which multiple sources of data are used. My choice of the type of case study
is based on classification of case studies by Stake (2000), who identified three types of case
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studies, as follows.

Intrinsic case study is when the researcher has an interest in the case. It is undertaken

because the primary and only purpose for the researcher is to understand a particular case

better. The purpose is not to come to understand some abstract construct or generic

phenomenon (Stake, 2000).

e Instrumental case study describes a situation where a particular case is examined to provide

insight into an issue or to draw a generalization. The case is of secondary interest, playing
a supportive role and facilitating understanding of the larger issue. The case is looked at
in its depth with its context being scrutinized, its activities being detailed; but all in the
interests of the researcher pursuing an external interest.

e Collective or multiple-case study is when the researcher may jointly study a number of
cases in order to investigate a phenomenon.

| identified my study as instrumental in nature, since the study attempted to provide insight into a
new and unfamiliar phenomenon; that is integration of IK artefacts in the teaching of physics
with the aim of facilitating understanding of physics concepts by Advanced Level learners. The
study thus included three individual cases, being the three high schools in Masvingo district,

which made it instrumental-collective in type.

Case study, as explained by Cohen, Manion, and Morrison (2011), allows participants to freely
share their ideas, views, perceptions, and experiences in a natural setting, thus making it possible
for participants to provide in-depth information. These authors add that case study methodology
uses multiple data sources to provide thick descriptions of participants™ lived experiences or
thoughts about and feelings for a situation. | also decided to embed featutures of Participatory
case study in my case study. In Participatory case study participants are considered experts into
the underlying causes of the issues within their social world and not incidental to the curiosity of
the researcher (Reilly, 2010). Reilly (2010) adds that the research process becomes a means of
moving their voices from the margins into a place of centrality (Reilly, 2010). It proposes
radical change in social structures and processes, as well as reformulating the entire approach to
research , voice, power, knowledge production and use (Reilly, 2010) of which this study has

the potential to do.
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4.2.2 Population and sample in the study

There were 36 Advanced Level physics teachers in this district of Masvingo province, from this
population, 18 teachers were purposefully sampled and completed the questionnaires (Appendix
B) prior to the focus group discussion. These 18 teachers also formed the group for the focus
group discussion (Appendix ). From this group of teachers, eight were also purposefully
sampled for individual interviews, based on their knowledge of artefacts. These eight physics

teachers were later interviewed (Appendix D).

The population of physics learner in the three high schools was 110, from which 45 were
purposefully sampled to participate in the study, and they completed questionnaires (Appendix
C). They also formed the groups for the learners™ focus group discussions (Appendix H). Ten

purposively sampled learners were also individually interviewed (Appendix F).

In the community, 127 elders were identified. Of these 22 were purposively sampled to be part of
the focus group discussion (Appendix G). Five of them were also purposively sampled for
individual interviews due to their experiences with IK artefacts (Appendix E). Hence, the

purposively sampled for this study comprised 85 participants.

| used the technique of convenience and purposive sampling in selecting the schools and
community to work with as | am familiar with the people and area. The purposive sampling
technique was employed in the recruitment of participants, whereby participants for the research
were ,hand-picked” as they were seen to be the most likely to produce valuable data
(Denscombe, 2007). Purposive sampling was adopted to ensure that the participants chosen were
relevant, accessible and had the requisite, relevant views and information for the study. In this
respect, | chose to work only with schools that offered Advanced Level physics, and also which
were adequately staffed. The schools selected were in close proximity, which avoided my
spending too much time travelling to and from schools at the expense of time needed for data
collection and analysis activities. | also selected a community that was close to the schools to cut
on travelling expenses and time. Coincidently there were numerous people with knowledge on a

lot of artefacts in the community that | could work with.
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4.3 TRANSFORMATIVE PARTICIPATORY RESEARCH [TPR] METHODOLOGY.

The objectives of the study outlined in Section 1.8 influenced me to adopt transformative
participatory Research approach (TPR). Transformative participatory research methodology
proved appropriate for this study, because it required me to link up with the community where
the IK artefacts were being designed, made, and used. This resonated well with the view that
transformative participatory research requires the research to be linked to the community
stakeholders (Kincheloe & Steinberg, 1998; Semali & Kincheloe, 1999; Smith, 1999). The
approach is sensitive to cultural contexts and accommodates multiple methods. Khupe (2014b)
argument that research carried out in an indigenous paradigm is naturally transformative also
influenced me to adopt this approach since this was the chosen research paradigm and the

research was also guided by the philosophy of humanity/ ubuntu/unhu.

In this study transformative participatory research is seen as a combination of transformative
research (TR) and participatory research (PR) designs, which both originate from a critical
perspective (Mertens, Sullivan, & Stace, 2013; Smith, 1999). Both designs emphasis sensitivity
to cultural context, fluidity of approach, knowledge sharing, and collaboration and require
researchers to be linked to community needs (Battiste, 2008; Smith, 1999). The two research

designs advocate for community perspectives to be acknowledged.

| deliberately mixed aspects from TR, PR and the indigenous research paradigm to come up with
a method that could answer my research questions. This pragmatic and ellectic approach to
qualitative research is referred to as bricolaging (Denzin & Lincoln, 2011a; Rogers, 2012). The
bricolaging approach, in its general form, involves the use of theories, methods, and researches
drawn from a wide range of disciplines. Bricolaging research approaches are adopted where
phenomena and contexts are viewed as complex and the data is presented in an unusual way,
such as, in this study, through the representation of artefacts for use in physics teaching (Denzin

& Lincoln, 2011a; Rogers, 2012). | adopted this approach because literature on the indigenous
artefacts in the local communities was scarce and also my extensive review on science education
literature for indigenous and western research did not reveal a straight forward, clear

methodology that would neatly fit my study.

| could not adopt western methodologies as | felt that some indigenous communities and issues
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were not compatible with them. I suspected that if | adopted only western methodologies in my
study, it could result in misinterpretations or misrepresentations of indigenous knowledge and its
associated artefacts. This would conflict with the indigenous research ethics and ubuntu/unhu. In
this regard, Lowan (2012) and Kovach (2010b) assert that it is culturally insensitive to
investigate phenomena which involves indigenous communities and their knowledge from

western perspectives. | needed a research methodology which was culturally sensitive.

The bricolaging approach allowed me to use my own personal history and experiences, gender,
social class, race, ethnicity together with those of the participants in the TPR research process. |
drew the idea of mixing approaches from indigenous researchers such as Martin and Mirraboopa
(2003) and Lowan (2012) who developed their own bricolage researches. Lowan (2012),
accordingly, describes bricolage research methodology as a mix of western research and
indigenous aspects into an inseparable whole. Martin and Mirraboopa (2003) produced an
indigenous research framework, which was a result of aligning aboriginal culture and ways of

knowing with western qualitative research frameworks.

For clarity, transformative and participatory research designs are separately described and then
their combination to form the TPR is explained and justified in the next subsections.

4.3.1 Transformative research (TR) design

Transformative research involves ideas, discoveries, or tools that radically change our
understanding of an important existing scientific or educational practice, or which lead to the
creation of a new paradigm or field of science, engineering, or education. It is also known as
ground breaking or cutting edge, or frontier research. Transformative research causes changes in
people®s thought patterns regarding an area of scientific or educational endeavour. It challenges
current and conventional understanding of concepts and wisdom. It provides opportunities for
the extension of knowledge into new frontiers. In other words, TR redefines and extends the
boundaries of science and education. TR also leads to generation of new or improved techniques

or methodologies and technologies. It can provide a deeper understanding of the universe.

For this study, aspects of TR research design were found to be appropriate since the study
involved engaging participants in the extension of both content knowledge and pedagogical
67



knowledge of physics. The study was also found to be capable of generating a new
understanding of physics as a subject with corresponding new pedagogical approaches and

styles. This was, in a sense, a new understanding of the universe at large.

The TR approach is sensitive to cultural contexts and the associated approach is fluid. The
research design values knowledge sharing and collaboration in the research processes. In TR,
relationships between communities and their associated institutions together with their
stakeholders are guided by cultural protocols of the communities and the participants. This was
also in line with the expectations when the research is located in indigenous research paradigm

described in Chapter 3 section 3.3.

TR has been applied in the cross-disciplinary co-ordination of investigations into cognitive
simulation and pedagogical techniques that resulted in today*s highly effective cognitive
teachers. For example, it was applied in the development of the force concept inventory in
physics (Hestenes, Wells, & Swackhamer, 1992), which set the direction for improvement in
science education based on measurement of learners™ conceptual understanding of scientific

phenomena.

4.3.2 Participatory research (PR) design

In this study, some aspects of participatory research design were carefully incorporated into the
transformative participatory research methodology. As Reason (1998) argues, participatory
research is a methodology that is inclined towards both transformative and indigenous research

orientations.

Lemke (2001) defines participatory research as a research approach that focuses on a process of
sequential reflection and action, carried out by local people rather than on them. It consists of a
range of methodological approaches and techniques, which have a major objective of handing
over power from the researcher to the research participants. These participants are often

members of the community or community based institutions.

In the PR process, local knowledge and perspectives are, not only, acknowledged and valued but
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also form the basis of the research and its planning. The approach sees the participants as not
lacking solutions to the community“s problems, neither does the researcher consider himself as
having them (Gardiner, 2007). The approach respects a shared-power position between the
researcher and the participants, so that both are actively involved in the creation of knowledge.
The key to PR, as emphasized by Bergold and Thomas (2012), is the involvement of all the
partners in the knowledge creation. PR has the intention of collectively investigating reality and
transforming it. The researcher and the participants all come to the research process with

knowledge and experience to contribute.

In participatory research, both the researcher and the researched are required to be open to
personal transformation and conscientization. A democratic, social and political context is
required for participatory research to be successfully conducted. There is also need for a ,,safe
space™ for participants to willingly participate in the research. Participatory research requires that

the researchers take into considerations the pre-requisites of the participants.

Participatory research techniques applied in this study include focus groups, participatory
inquiry, drawings, and participatory videos. The participatory inquiry technique was
predominantly applied in this study, despite some critics™ views on its usefulness. It has been
criticized for sacrificing rigor because of its promotion of democratic processes (Kemmis &
McTaggart, 2005). Participatory inquiry also fails when dealing with secret knowledge. Secret
knowledge may include knowledge revealed to only certain people and for particular purposes in
communities. Knowledge revealed by ancestral spirits, which in most cases can benefit the

whole community, also falls into this category.

Participatory inquiry technique has not been widely used in science education in Zimbabwe. It
has, however, been extensively used in health sciences (Cargo & Mercer, 2008). Furthremore,
the techniques has been used for teacher professional development (Du Preez & Roux, 2008) and
for research into relevant science for rural communities in South Africa (Keane, 2006; Malcolm
et al., 2009).
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4.3.3 Transformative Participatory Research (TPR) and IK Research

Numerous points of convergence among TR, PR and indigenous knowledge research motivated
me to integrate aspects of all three in my research. The integration made my methodology a
transformative participatory methodology. | adopted this transformative participatory (TP)
methodology and intentionally grounded it in humanity/unhu/ubuntu philosophy and indigenous
research ethics and orientations. | was aware that my study required me to get information from
physics teachers and learners in selected schools, from elders and other indigenous people in the
surrounding communities. From the beginning of the study, | was convinced that their support
was key in the study. Without their participation it would be impossible to identify and describe
IK artefacts and to confirm that the identified artefacts were indeed indigenous. This conviction
influenced me to find an approach that was sensitive to cultural contexts and that also valued
knowledge sharing and collaboration. Unhu/ubuntu proved to be important since ethical

obligations could not be sufficiently met by adopting only conventional contractual agreements.

The components of both transformative and participatory research designs integrated in the TPR
ensured that | could generate enthusiasm to participate among the participants. This was also
done in a way that ensured that there was a strong flavor of both “Representative” and
“Transformative “participation among the research participants both of which are empowering.
Participants would value the reciprocal benefits from the research, such as the mutual learning
for all the participants. It enabled engagement of participants and transformation of their
practices and attitudes. Views from literature also gave me the confidence to apply TPR
techniques. Malcolm et al. (2009) state that the approach affords communities and teachers as
well as learners opportunities to be at the centre of knowledge creation. The technique moves
them from the margins of epistemology to its centre. In my view, this factor and the honour
accorded to the wisdom of the participants acted as reinforcements to sustain the zeal to

participate among all those who were involved.

Malcolm et al. (2009) assert that TPR respects the wisdom of the participants and has an

empowering effect. Furthermore, Moloi (2013) adds that TPR methodology allows the

researcher to share his experiences and knowledge in a way that does not overlook or displace

community knowledge, which | found very important in the process of my study. This was also
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important because the research study was located in the indigenous research paradigm, which
required the researcher to respect the culture, experiences, and knowledge of the participants.
Figure 4.1 gives a diagrammatic overview of the research design that | created to guide my

study.

Figure 4.1 The TPR research design

The diagram shows relevant aspects of transformative research (TR) and participatory research
(PR), which are integrated to form the transformative participatory research (TPR) approach,
which is encapsulated in unhu/ubuntu along with indigenous research ethics and procedures. The
larger circle symbolizes the indigenous research paradigm in which the whole research is
located. The inner circles labelled TR and PR represent the two basic research designs from
which the TPR design was derived. The intersection space for the two research designs denotes
the TPR approach that was adopted in this study. The intersection space represents the zone
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where the interactions of the researcher with the community represented by the elders, the
teachers and the learners guided by relevant components of TR and PR produce the findings. The

arrows indicate the flow of information and data.

44. RESEARCH INSTRUMENTS

The research instruments employed in the study include: interview guide, interview schedule,
observation schedule, and questionnaire.

4.4.1 Interview gquide

An interview guide is a list of the high level topics that the researcher plans to cover in an
interview with the high level questions that he/she intends to answer under each topic (N.
Wilson, 2014). Interview guide indicates important stages of the interview such as introduction
that indicates the topic and purpose of the interview and list of issues to be covered about a topic.
Interview guide is normally made one page so that it is easy to refer to during the interview (N.
Wilson, 2014).The interview guides can have both open and closed questions. Open questions
allow gathering of in-depth responses and allows respondents to elaborate and explain their
responses. Open-ended items put minimum restraint on the content and structure of answers

given by respondents and their expression (Cohen, Manion, Morrison, & Morrison, 2007).

Interview guides help to develop the line of thinking and questioning of the researcher and
pacing of the interview. Interview guides increasers the comprehensiveness of data and make

data collection systematic for each respondent (Cohen et al., 2007).

Cohen et al. (2007) note that when using interview guides important and salient topics may be
inadvently omitted. Interviewer flexibility in sequencing and wording of questions can result in
substantially different responses that make it difficult to compare the responses. Interview guides
are designed considering the research objectives, literature review, and the purpose of the

research.

In this study, interview guides were designed for Interviews with Elders, teachers and learners
and also for the focus group discussions with Learners, Teachers, and Elders. The interview

guides designed for this study was one page in length and had both open and closed questions.
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4.4.1.1 Interview

An interview is an interchange of views between two or more people on a topic of mutual
interest(Kvale, 1996, p. 4). It is a move away from seeing human subjects as manipulable and
data as something external to individuals, towards, considering knowledge as generated between
humans often through conversation.

An interview is a conversation, the art of asking questions and listening (Lincoln & Denzin,
1994b). Dyer (1995) that, an interview is different from an ordinary conversation in that: It is
purposeful and specific, often it is question-based with questions being asked by an interviewer,
and interviewer alone may express ignorance (and not the interviewee), and the responses are
explicitly and often detailed. Cohen et al. (2007) add that interviews are constructed rather than
naturally occurring like every day conversations and have to follow specific rules when they are
being conducted. An ‘interview’ is typically a face-to-face conversation between a researcher

and a participant involving a transfer of information to the interviewer (Cresswell, 2012).

Interviews allow both interviewer and interviewee to discuss their interpretation of world in
which they live and to express how they regard situations from their own point of views (Cohen
et al., 2007). Interviewers can explain questions that respondents have not understood and can
ask for further elaboration of replies (Seale, 2011). An interview is a flexible tool that allows
multi-sensory channels (like verbal, non-verbal, spoken and head) to be used in data collection.
Visual aids can also be used in the face-to —face interview (Seale, 2011). Cohen et al. (2007)
argue that the order of the interview may be controlled while at the same time allowing space for
spontaneity and the interviewer can press not only for complete answers but for responses about

complex and deep issues (Cohen et al., 2007).

Gall, Borg, and Gall (1996) argue that interviews may introduce elements of subjectivity and
personal bias into the data and that the rapport between the researcher and the participants may
cause the participant to respond in a certain way in order to please the interviewer. Another
challenge that the interview method poses for the researcher is that it is difficult to standardize
the interview situation so that the interviewer does not influence the respondent to answer certain
questions in a certain way (Gall et al., 1996, p. 290). This potential threat was alleviated through
preparing an interview guide. Finally, interviews can hardly provide for anonymity (Cohen et al.,
2007). However, anonymity in this study was not given much prominence, as the issues of
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interest to the investigator were not of a very sensitive nature.

In this particular study interviews were conducted with the physics learners and physics teachers

and also with elders from Zimuto community.

4.4.1.2 Focus group discussion

A focus group, is defined by Babbie (2007) as a group of 12 to 15 people brought together to
engage in a guided discussion of some topic under study. Williams and Katz (2001) explain that
a focus group is a small gathering of people with a common interest or characteristics, assembled
by the interviewer in a comfortable atmosphere where people can share their opinions, ideas, or
experiences with the purpose of gaining information about a particular issue. In this study, a
focus group is taken to be a small group of research participants with similar characteristics
assembled by the researcher in a suitable environment for the purposes of sharing opinions and
experiences about the chosen topic. Both the researcher and the participants or interviewees

engage in a ,,focus group discussion® of the topic under study.

A focus group discussion involves interaction between one or more researchers and more than
one participant for the purposes of collecting data (Parahoo, 2006 p. 266). Holloway and
Wheeler (2002b, p. 110) add that in focus group discussions, researchers would interview
participants with common characteristics or experience for the purpose of eliciting ideas,
thoughts, and perceptions about specific topics or certain issues linked to an area of interest. In
this case | wanted information about the community*s IK artefacts. Parahoo (2006) advices that
focus group discussions are a cheaper and quicker way of obtaining important data than
individual interviews. A focus group discussion provides a more natural setting than other
methods and the group members influence each other during the discussion(Krueger & Casey,
2015; Ritchie, Lewis, Nicholls, & Ormston, 2013). It can also bring out people’s perceptions,
feelings, experiences or thinking about the issue of intrest(Ritchie et al., 2013). Moreover,
participants are provided with opportunities to reflect on or react to the opinion of others.

4.4.2 Questionnaire

McLeod (2018) defines a questionnaire as a research instrument that consists of a series of
questions for the purposes of gathering information from respondents.
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Richards and Morse (2007) define a questionnaire as “a set of questions on a topic or group of
topics designed to be answered by a respondent.” Questionnaires share some characteristics with
interviews in the sense that respondents are required to provide information in response to a
stimulus provided by the researcher. A questionnaire can use both closed and open questions to
collect data. This allows collection of both qualitative and quantitative data (McLeod, 2018).
Closed questions are standard and all respondents are asked the same questions in the same order
and this ensures reliability. However responses to closed questions lack detail because the
responses are fixed. Open questions allow people to express what they think in their own words.

They also allow respondents to answer in much more detail as they like in their own words.

Questionnaires are widely used and useful instruments for collecting survey information,
providing structured, often numerical data, which is often comparatively straightforward to
analyse ( Wilson & McClean, 1994). In the questionnaire open questions were used for complex
questions that could not be answered in a few simple categories but required more detail and
discussion to allow elaboration by respondents. Generally the questionnaires in this study
(Appendices B and C) were used to obtain background information, as well as the attitudes,
pedagogical beliefs and perceived difficulties of learners and teachers.

4.4.3 Observation Schedule

An observation schedule is a form prepared prior to data collection that delineates the behavior
and situational features to be observed and recorded during observation in a study (Coleman,
2019; Given, 2008) . Coleman (2019) defines an observation schedule as an analytical form, or
coding sheet, filled out by the researcher during structured or semi- structured observation.
Coleman (2019) adds that an observation schedule is one of the many essential analytical devices
that scientists can use to turn multifaceted and complex visual observations into useable data. It
has a list of printed behaviors and conditions the researcher intends to observe and allows factual
information to be recorded. Observation schedules specify in advance the categories of
behaviors, events, or data under scrutiny and circumstances under which they should be assigned
to those categories (Coleman, 2019). Observation schedules help to focus the attention of the
researcher and provide a way of capturing and recording what the researcher sees and hear in the
field.
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Observation schedules are normally used in the fields such as education, psychology and speech
(Coleman, 2019).In this particular study observations were guided by an observation schedule
(Appendix J).

4,5 THE FIELDWORK

Having familiarized myself with the demands of the research design, research framework and the
theoretical framework, | then proceeded to conduct a pre-testing and pilot study to test all the
proposed research instruments and the research design. Holloway and Wheeler (2002a) argue
that pilot studies are not usually used in qualitative research. They add that novice qualitative
researchers may conduct interviews as pre-exercise to get used to the data collection process. In
this study, both pre-testing and piloting were done to orientate the researcher to the study and
provide insight in the phenomenon under study.

4.5.1 Pretesting and pilot testing

Pretesting and Pilot testing are invaluable components of a research affording the researchers
opportunity to reflect and revise their research designs before their full- scale administration.

Pretesting is an important way to detect problem areas, reduce respondents burden, to determine
whether or not respondents are interpreting questions correctly, and ensure that the order of
questions is not influencing the way a respondent answers. | administered the pretest survey to
my 3 friends ( physics teachers), 15 Learners from my freind’s form 6 physics class and my 6
elderly relatives. Bell, Waters, and Ebooks (2014) posits that administration of pretests to friends

and colleagues is encouraged.

Pretesting brought to light those instances of obscure terminology, unfamiliar references, and
ambiguous words, phrases, that | did not initially see as problematic in my questionnaires,
interview schedules and observation guides but could confound and frustrate the respondents
and affect data quality and response rate in my research. In this particular study pretesting also
enabled me to assess “response latency”. Response latency is the amount of time it takes to
complete an individual item in the survey as well as the whole research process for example the
time it would take to complete the questionnaire.
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After pretesting, all the concerns about the process and the instruments were summarized;

revisions were made to improve the research design. The complete reseach instrument was now
ready for pilot testing.

Pilot testing which Van Teijlingen and Hundley (2010) also called feasibility study is a small
scale preliminary study conducted in order to evaluate feasibility, time, cost, adverse events, in
order to improve the research design prior to performance of a full scale research project. Bell
et al. (2014) posit that in pilot testing, interviews, final survey and some stages of coding and
analysis are rehearsed prior to the actual reseach design administration. It is a trial run of the
entire study from start to finish that increases the likelihood of success for the main study.
Although 1 could have pilot tested the research design using friends and family members
according to (Bell et al., 2014), I conducted pilot testing with a sample of three physics
teachers, five learners and three elders, who were purposively sampled from the main samples. |
could not hire experts to do the pretesting and pilot testing for me as advised by Presser and Blair
(1994) and (Olson, 2010), because of financial constraints. | used ideas that | got from similar
expert researches in the field and previous surveys on similar topic to compare my design to
those in literature as advised by (O'leary, 2017). This increased my experience in interviewing
and using interpersonal skills and ensured that | was conversant with the whole research design
procedures. Noted errors were corrected e.g. ambiguous questions in the questionnaire were
reconstructed. This also gave me a chance to build in more precautions in my research processes.

Importantly the pretesting and pilot testing boosted my confidence.
The actual data gathering stage followed the pre-testing and pilot testing of the research design.

Data analysis and report writing were the last stages.

452 DETAILS OF DATA GATHERING

The actual data collection started in January 2017 and formally ended in September 2018. Data
was gathered from the three high schools in Masvingo District in Masvingo Province and in the
Zimuto communal area. The data was collected from the Advanced Level physics teachers and

learners and from elders from one of the schools* catchment area. This stage proved to be the
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most interesting part of my study. It involved collaborative engagement with the community
members, teachers and learners, as required by the transformative participatory research (TPR)
and indigenous research procedures. | had to be clear on my research questions and objectives to

ensure that they would enable gathering of relevant information.

| had to make sure that my data gathering procedures were clear; tools such as interview guides
and questionnaires were refined. All duplicate items, and those that were ambiguous and those
that were too broad or impractical to assess were removed from the questionnaires and interview
guides. | also checked whether the recording equipment was available and in sound working
order (video cameras included). I also checked whether all the consent documents were still valid
and the individual informed consent processes had not elapsed. My research assistant, a retired

science teacher pseudonym Mr Moyo, designed a checklist of all that was required at this stage.

| had to rush to get a written informed consent to visit the communities from the District
Administrator, which | had overlooked. Informed consent is a substantive ethical requirement

between a researcher and the research subjects concerning the roles and obligations of each part
in the study (Ronald, 2015). In giving their informed consent, it was inferred that all the study
participants had personal autonomy; they fully comprehended the purpose, risks, and benefits of
the research and so volunteered to disclose information. It confirms that participation is
voluntary and is free of coercion and undue influence. When informed consent is not fully
informed, research abuses may occur (Ronald, 2015). | had to take the issue of consent extremely

seriously since my research was based on principles of unhu/ubuntu.

Throughout the data collection process, | continued to gather and review more literature related
to my study and, in particular, the research questions. This literature enabled me to continue
torefine my research and reinforced the vision of my research study in the context of other
related studies. Reviewing literature continuously also enabled me to re-examine my field
experiences in light of the new literature encountered. | was thus able to continuously compare
literature with the categories and themes that were emerging during the data gathering process.
This was in accordance with Glaser and Strauss (1967), who argue that when applying theory in
research, literature can be used as ,,data” and can constantly be compared with the emerging
categories to be integrated into the research findings.
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452 DATA GATHERING IN ZIMUTO COMMUNITY
4.5.2.1 Ethnographic Description of Zimuto Community way of Life

A community is a grouping of people who reside in a specific locality and who exercise some
degree of local autonomy in organizing their social life to fulfill their daily needs, as stated by
Swanepoel and De Beer (2006). In this project, data were collected from Zimuto community.
The community is found in the Masvingo district of Masvingo Province. It is a community
founded by people of the Rozvi tribe of the Moyo totem. People of the Ngara and Dziva totems
are also found in the area. The community is part of the catchment area from which the three
high schools draw their day-scholars and some of their boarder learners. Two of the boarding

schools are located right in the community and the third one is in the urban centre.

After the focus group discussion among the elders of the community, | conducted some informal
interviews with some individual elders concerning the socioeconomic activities in Zimuto
community. | gathered that the area is under the chieftainship of Zimuto. The paramount chief is
Chief Zimuto and his headmen are Nemarundu, Gurajena, and Chidavarume. The land
ownership is largely communal. Traditional leadership in the community is strong. The chief and
the headmen oversee the distribution of land and other related issues. The majority of houses in
the community are huts, constructed with bricks or poles covered with mud. A typical homestead
consists of a main house constructed with bricks and several huts, a granary, a fowl run and a

kraal for the cattle.

The community relies on small-scale subsistence farming for survival. They grow crops like
maize, millet, and rapoko (rukweza), and for their farming activities they use traditional
agricultural implements and methods. These implements include indigenous implements like
hoes, ox-drawn ploughs, yokes, reed baskets for carrying crops (sengendes), and other baskets
(tswanda). For processing their farm produce, they also use implements such as mortar and

pestle (maturi ne mitswi), grindingstone (makuyo nehuyo) and winnowing baskets (sero).

The indigenous implements dominate over their modern equivalents since very few people can
afford to buy and maintain the latter. Even those with modern implements like ox-drawn scotch
carts also have indigenous equipment like reed baskets mounted on sledges (sengendes) to

complement their use.
79



The community is located in region Five (V) of the natural ecological regions of Zimbabwe as
indicated in Figure 4.2. Mugandani, Wuta, Makarau, and Chipindu (2012) indicate that
Zimbabwe was divided into five agro-ecological/ natural ecological regions in the 1960s,
although the increased variability of rainfall has possibly affected the agro-ecological region
Boundaries.

BOTS\WANA

SOUTH AFRICA

Figure 4.2: Natural Ecological regions of Zimbabwe (Adopted from Moyo, 2000)

The characteristics of the five regions are given in table 4.1
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Table 4.1.Natural Ecological regions of Zimbabwe (Adopted from Moyo, 2000)

Areal Percentage of Description
Region| Extent total area

(Million

ha)

l. 0.6 1.6 Specialized and diversified farming: High annual rainfall
(>1000mm). Temperature < 15 . Suitable for dairying,
forestry, tea, coffee, fruit, maize, beef ranching

. 7.31 18.8 Intensive farming: Annual rainfall 750- 2000mm. Ideal
for rain-fed maize, tobacco, beef, cotton winter-wheat
and vegetables

M. 6.85 17.6 Semi-intensive farming: Annual rainfall650-800mm
mostly as frequent heavy storm. Severe mid-season dry
spells. Marginal for tobacco, maize, and cotton. Favors
livestock production with fodder. Requires good
management to retain moisture during the growing
Season

V. 12.84 33.0 Semi-extensive farming: annual rainfall 450- 650mm.
Subject to the seasonal droughts and severe dry spells
during the rainy season. Found in hot low-lying land.
Marginal rain-fed maize. Ideal for drought resistant
fodder crops.

V. 11.28 29.0 Extensive farming: Annual rainfall <450mm and too low

and erratic for most crops. Very hot and low-lying
regions. Suitable for animal husbandry with drought
Resistant fodder crops under irrigation. Zambezi
escarpment this region is infested with tsetse fly

The region is characterized by erratic rainfall, seasonal droughts, and sometimes dry spells
during the summer rainfall seasons. Rainfall received in the area is inadequate for the
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community*s agricultural activities. There are three major rivers in the area: the Shashe (which is
the widest), Makurumidze and Muyambe Rivers. Another notable feature in the communal area
is Huchu Plain (Bani rekwa Huchu), which is a low lying flat plain stretching from Makurumidze
Dam in the north to Chikato Primary School to the south. Few exotic trees have been planted in

the area. There are also a few mountains in the area.

Small gardens exist alongside the rivers from which they are irrigated. The Shashe River
supports fishing, for which people in the area use traditional methods.. They use fishing lines
(zviredzo), fish traps (maduvo) and fishing nets (mambure). Hunting is also being done mostly by
men, for which they use traps or a a firearm; Women normally attend to the household chores
such as preparing food for the family and the processing of the farms produce. These processes

include winnowing, and threshing of rapoko.

The majority of people in the community can produce the indigenous agricultural implements,
fishing and hunting tools for themselves. These skills are learnt from elders in the community in
traditional learning platforms (dare), which are normally attended by old and young men during
the evening. At these learning platforms, elders make informal presentations and engage in
discussions of, among other topics, important indigenous technological skills. The teaching and
learning styles involved are traditional. Examples given in the discussions are taken from
everyday lives. Artefacts are used to demonstrate skills of making or using different artefacts.
Songs, drama, debates, analogies, idioms, and other language enrichment techniques are used in
descriptions, explanations, and demonstrations to make points clearer and to make the teaching

and learning process joyous.

The eldest man among those who would have gathered at the dare automatically becomes the
one who would be in charge of controlling the proceedings. Those with interest in making some
special artefacts would get informal tutorials and guidance from local experts in the production
of those artefacts, such as an how to make yokes (majoko). Socioeconomic hardships have
resulted in some people undertaking crafts fulltime, such as pottery, basketry, or carving, in

which they produce the items for the local community market, neighbouring communities and
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for the urban market. Clay pots, used primarily for fetching water from wells and for cooking
food, of different sizes and designs are molded. Other artefacts may be woven or carved.

The people in the area send their children to schools despite the social and economic hardships.
There are more than 15 primary schools in the area, in addition to seven secondary schools and
two high schools. Primary schools offer classes from ECD A to Grade 7, secondary schools
offers classes from form | to Form 4 and High schools offers classes from Form 1 to Form 6. The
children help their parents in the fields and other economic activities during weekends and
school holidays. This enables the learners to grow up with a deep understanding of the
indigenous implements and artefacts that are used in the social and economic activities in the
community. Some children can even make some of the implements and artefacts themselves.
Generally children grow up familiar with indigenous practices and artefacts in their sociocultural

environment.

A number of learners, including those who have completed school and those who dropped out,
have migrated to urban areas while others have remained and joined their elders in the

community*s traditional social and economic activities.

The people in the community respect their ancestors and sometimes hold cultural ceremonies in
which they would worship these ancestors. Ancestral spirits (mudzimu) are respected by the
people in the area. Ancestral worship in African indigenous communities often involves
ritualistic prayers offered to the departed in seeking their guidance and protection in people™s
daily and social affairs (Govender, 2009). Some cultural ceremonies are attended by every
member of the community including children and others are only for elders. |1 was warned not to

expose much detail on this sacred topic.

The people would also engage traditional healers (n 'anga/sangoma) for assistance during illness
or rituals. Traditionally a sangoma or n’anga is an African spiritualist who practices traditional
medicine; They wear unique attire when delivering their services, as shown in Figure 4.3. Their

role is thus similar to that of a priest or medical doctor in western societies.
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WHO (2000b) defines traditional medicine as the sum total of the knowledge, skills, and
practices used in the maintenance of health and prevention, diagnosis, improvement or treatment
of physical or mental illnesses, based on the theories, beliefs, and experiences indigenous to

different cultures, which are either explicable or not.

Figure 4.3: Traditional healer (n 'anga)

Every year the chief, with the assistance of his headmen organizes the rainmaking ceremony
(mukwerere) to request rainfall from their ancestors. This rainmaking ceremony

(Mbiti, 1990). The term mysticism typically denotes a complexity of beliefs and is normally
conducted at a reserved sacred place called Munyambe near the Forestry Commission Centre.

Every community member is expected to attend.

Christians in the community are allowed by the chief to practice their religion. They are allowed

to attend church services and follow Christian values and morals. The community™s spiritual

ideas and ways are incorporated into their behavior patterns, traditional art, and craft and also in

their daily practices. The community members hold some indigenous worldviews which can be
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categorized as African mystical cosmology based on God, spirits and man, magic and also as
spiritism (animism) practices related to the personal experience of the divine. The people believe
that there is a supreme God who is a creator of the universe and all that is in it (Mbiti, 1990). The
presence of this God is acknowledged by and revered in indigenous praises, through libation, and
proverbs. In addition to God, there exist spirits. These spirits are part of the creation, as are
humans. Spirits are believed to have some powers and abilities. They interact with human beings

and have agency in the world.

Mbiti (1990) explains that man as one of the mystical cosmology agents is created by God and
coexists with the spirits in the world. Human orientation in the world is social, and action to
uphold social ties and foster social cohesion is held in high regard and even seen as the primary
goal of life. Humans can, through reciprocal affiliation with, and worship of, spirits gain access
to their power and channel that power for positive or negative ends. Mysticism in indigenous
African thought is distinct from conceptions of mysticism in Judaism, Christianity, and Islam. It
is characterized by a social, worldly orientation; united with indigenous religious practices;
primarily focused on interaction with spirits, rather than with the supreme God; preserved in and
transmitted through oral traditions; and not aimed at unification with the divine through

eradication of or purification of the self (Mbiti, 1990).

Magic is an art that purports to control or forecast natural events, effects, or forces by invoking
the supernatural (Ogunniyi & Yandila, 1994). It involves power of influencing events and
activities by using mysterious or supernatural forces. African magic is a form of magic
developed and performed within the indigenous cultures and societies of Africa. Traditional roles
related to magic in African society include rain making, divination, and works of the medicine
men or herbalists. Like any other communities in Zimbabwe, the people in Zimuto community
believe in witchcraft. This was also observed by Gee, Michaels, and O“Connor (1992), who
argue that witchcraft continues to play an important role in the lives of many African
communities. People believe that witches use psychic witchcraft, which involves the use of an
agent or familiar, as well as spirits and natural phenomena such as lightning, and medicines to
cause illness or death (Layder, 1998, p. 141).
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Spiritism is a belief that the spirits of the dead communicate with and manifest their presence to
the living in many ways. It includes the belief that inanimate objects possess spirits. Generally it

is an appeal to other world of gods, spirits, devils, ancestors, etc. (Ogunniyi & Yandila, 1994).

The availability of a variety of indigenous artefacts in the community influenced me to select it
for my study. The availability of people who value education and send their children to school
also guaranteed me maximum cooperation from members of the community. Some learners from
the community were attending school at the three high schools selected for the study, and they

had persuaded their elders to participate in the research.

4.5.2.2 The focus group (dare) discussion with community members

My appointment day with the community members coincided with the community*s Food for
Work Project progress review date. The Food for Work program is a government program that
assists rural people with food. The people are given tasks to accomplish before they are given
some food parcels by the Government. The tasks may include repairing of public roads, bridges,

or dip tanks etc. All the community members turned up for the meeting (see Figure 4.4).

Figure 4.4: Focus group discussion with community members (Source: Photograph taken during
focus Group discussion with the community elders)
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| initially intended to have 15 members in my focus group but | realized that including all of the
25 members who had gathered would enable me to access more IK artefacts and more
information about them.I did not want to offend people by not including them since they were all
covered in the consent letter from the District Administrator. | was impressed by the composition
of the group, which had a fair representation of both men and women which enabled me to get
information about artefacts associated with both genders at the same time. The composite group
of participants enabled the understanding of different versions or views of reality and accorded
me the opportunity to interview them to determine which view was most in accord with the
research demands (Mertens, Cram, & Chilisa, 2013). Rifkin (2016) posits that demographic
diversity strengthens the research. In this study, the researcher considered views that were

relevant to the study according to the research questions and objectives.

Focus group discussion provided direct evidence on the similarities and differences in the
participants® opinions and experiences, as opposed to reaching conclusions from ad hoc analysis
of separate statements from each individual interview (Babbie & Mouton, 2001). Some research
that promotes community participation can be messy, complex and time consuming (Adams &
Faulkhead, 2012). The focus group in the study was not like that. Colleagues and friends were
more comfortable about voicing their opinions in each other*s company than they would have
been alone. Participants were also able to build their contributions on other participants™

opinions and answers.

The Zimuto community had no written protocol on how research was supposed to be conducted
in their area. This was unlike some indigenous communities, who have written protocols that
serve to guide researches in avoiding exploitation and in protecting their indigenous rights
(Battiste, 2008; Mertens, Cram, et al., 2013; Mertens, Sullivan, et al., 2013). Although | had a
consent letter from the District Administrator which allowed me to carry out the study in the
community, the absence of Community Advisory Board to assist community participants of the
informed consent process worried me at first. Ronald (2015) agrees that Community Advisory
Boards facilitate research by providing advice about the informed consent process and the design
and implementation of the research. In this situation, | had to rely on my own rural home
experience and the literature about the community. | had also gleaned information about the
cultural protocols of the community from my assistant researcher, who had once lived with a
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relative in the area. | undertook to be thoroughly professional and to conform scrupulously to the
cultural protocols of the community throughout my interaction with the people.

When | was given the chance to meet the people, the focus group discussions preceded in line
with the traditional Shona set up of a tribal council (dare). | started with formal greetings for the
elders. Everyone looked at me suspiciously; | expected to encounter problems in building
relationships with the elders. It was only after | had introduced myself that they got relaxed. The
ideas that | has gained from literature on indigenous research and ubuntu/unhu made this stage of
introduction relatively easy. In particular, Smith (1999) and Wilson (2001) had provided me
with important information about indigenous research paradigms and how to respectfully
approach and engage community members.

| made sure that sufficient and correct information was disclosed to the participants and that it
was conveyed in a manner they could comprehend. Accordingly, I communicated with them
using Shona language, which was the first language of the most of the participants including the
researcher. It was their community language. Communicating in their own language was not
only respectful and contextually appropriate, but also created a better rapport between the
researchers and community and led to more natural conversations, as endorsed by (Pryor &
Ampiah, 2004). In addition, this vernacular communication also strengthened epistemological
access to the participatory process as required by the research design. This enlightened idea is
recommended by Vakalahi and Taiapa (2013), who say that language forms a repository of any
cultures knowledge treasures. My interview guidelines allowed me to keep the interactions

focused while allowing individuals to express their perspectives and experiences naturally.

Throughout the discussion | had to keep in mind that | had ethical and legal obligations to ensure
that all aspects of the informed consent were honored. | adhered to the assumption that the views
of the participants were all meaningful. Photographs and videos were taken only with their
permission. | also jotted down some field notes of contextual observations and non-verbal clues
(e.g. posters, and art on the huts) and observed the elders making their contributions. | recorded

any small ear or eye catching incidents that occurred during conversations, in order to help me
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later in the analysis of data. I also referred to my observation schedule (Appendix J) that guided

my observations.

More than thirty artefacts were identified and described during this focus group interview. |
respected all the contributions even those on artefacts that appeared to be irrelevant to my study.
In particular, the whole process was in line with the principles of a transformative participatory
research approach. As already mentioned, indigenous research techniques were blended into the
inquiry process. | carried out the research with the community members and not on them. In this
way | was able to successfully gather rich data for answering the research questions. I made sure
that all participants were involved in the knowledge creation and unhu/ubuntu principles were
respected throughout the discussions. The focus group discussion lasted for over an hour.

The community members had not brought samples of the artefacts. They identified six members
amongst themselves who made a living producing some of the artefacts for the local and
surrounding communities. | made appointments to visit the identified specialists to see the
artefacts and gather more information about their designs and how they are made. Because of
limited time and resources | decided to visit one elder per artefact. | discussed with the elders the

questions that | was going to ask them when | intended to visit them.

| knew that the philosophy of ubuntu that was embedded in my study mandated me to
compensate participants for their generously given time and thank them for availing me of their
knowledge free of charge. Goeke and Kubanski (2012) asserts that researchers should try to meet
travel costs, food requirements and compensate for loss of earnings for the participants. It was all
smiles at the end of the discussions when I gave all the participants food and beer. | also offered

to drive two disabled members of the community to their respective homes.

I could not go to the elders” homes after the focus group-dare discussion without formally
informing the village headman about my research intentions and seeking his permission.
Acknowledging the role of traditional leadership enhanced the trust with the community elders

that | wanted to visit. .
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4.5.2.3 Visits at individual homes of community members

| tried to make the interviews of community members at their individual homes as interactive
and conversational as possible. Babbie (2007) defines an interview as an interaction between the
interviewer and the respondent in which the interviewer has a general plan of inquiry including
topic to be covered. Chase (2005) and Kvale (1996) both describe interview conversation as an
interchange of views between two or more people on a topic of common interest. Therefore, an
interview is an interactive and guided conversation between two or more people for the purpose
of getting information about a topic of interest. Three main types of interviews are proposed in

the literature; namely, structured, semi-structured, and unstructured (Patton, 2002b).

In this study, the interviews were unstructured and took place at the elders™ homes, where the
elders were comfortable and relaxed. This allowed the elders to explain more on their artefacts.
Pryor and Ampiah (2004) argue that open-ended questions allow participants to explain more on
issues raised in an interview. | would re-word, re-order, or clarify questions to get more
information on issues raised by the respondents. | noted that I should let the elders give their own
narratives while | listened. It was interesting as they were unknowingly informing me of their
concepts in mechanics in their own way, own language and according to their own

understanding.

| took some photographs and videos of the interviews and also jotted down some field notes.
Some of the photographs are shown below (Figures 4.5 and 4.6). My observation schedule
(Appendix J) also reminded me to observe important aspects during the interaction with the

elders.

90



Figure 4.5: A woman molding clay pots (Source: Photograph taken during an interview with
the Elder)

Figure 4.6: Old man working on an artefact (Source: original)
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453 DATA COLLECTION IN SCHOOLS

4.5.3.1 Schools’ Background

The high schools that participated in this study are located in Masvingo District in Masvingo
Province. The high schools have a mixture of both boarding and day scholar learners. Two of the
participating schools are located in rural communities of the district under Chief Zimuto and one
of them is in located in one of the low density suburbs of the provincial capital city, Masvingo
City. The schools draw above 99% of their learners from African Zimbabweans. The majority of
learners in the three schools have either rural background or have some links with rural
communities. This means all the learners in the three high schools faced the same apparent
conflict between western and indigenous ideas when learning physics concepts. The high schools
all have high enrolments of more than 1000 learners, with an average of 60 teachers per school.
The three high schools all boast of modern laboratories, with conventional apparatus. They all
have high speed internet and a textbook to learners™ ratio of one is to four. These schools all
offer physics as a subject at both Advanced and Ordinary levels, along with maths, chemistry,
biology , practical subjects and commercial subjects at both levels.

| had to involve both the physics teachers and their learners in the research so that we could
generate this new knowledge together with the communities, as required by the TPR design. To
this end, | adopted the recommendations of Kriek and Basson (2008), who emphasize that the
views of teachers are important if an educational reform is to succeed. Similarly, Zipf and
Harrison (2002) say that teachers™ views can act as filters through which new knowledge and
experiences are screened for meaning. Accordingly, the TPR ethics required me to involve the
teachers in the research process, particularly by identifying artefacts together; by identifying the
physics embedded in the artefacts together; and so they would be convinced that, indeed, there
were some mechanics concepts embedded in the artefacts that they have previously taken for
granted. This also involved confirming together that indeed the artefacts could be integrated into
the teaching of physics, thereby making it easier for the learners to understand the concepts. We,
together, proposed ways whereby the integration of the artefacts could be effected by the
teachers.
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4.5.4 The schools visits

The UKZN university ethics requirements were all met. This included ethical clearance, consent
forms from the participants and gatekeepers™ letters: that is from Masvingo Provincial Education
Department and Masvingo District Schools Inspector. When 1 got to the schools, the headmasters
would invite the schools heads of science departments and physics teachers to their offices,
where | explained the purpose of my study and clarified that | required their participation, which
depended on their willingness to be part of the study. | was happy that everyone displayed
enthusiasm for participating. For the learners, consent was elicited from the respective school
heads through the District Schools Inspector (DSI).

When | entered into the schools to collect data, |1 had anticipated that teachers may not be
comfortable meeting new faces in their schools. On the contrary, | was received warmly by the
teachers, although they were hesitant at the beginning before | explained the purpose of my visit.
The teachers and the learners responded to questionnaires (Appendix B and C) before focus
group discussions

4.5.5 Participation by learners

Learners completed questionnaires and also participated in focus group discussion and individual
face-to-face interviews. | considered the learners important in my study as they occupy the
intersection between the classroom physics and the 1K knowledge and artefacts. Their inclusion

ensured balanced views, accommodating both the home and school worlds.

4.5.5.1 Questionnaire for learners from the three high schools

The topics on which learners were asked to respond were carefully worded in English (Appendix
C). My colleague who teaches English checked my questionnaire for grammatical errors.
Learners were asked to reflect on their social and cultural experiences.

The questionnaires included artefacts that needed deeper discussion and investigation.
Questionnaire responses allowed privacy of opinion, so this could potentially generate richer
data than would open discussions (Cohen et al., 2011). The questionnaire was administered by
the researcher before the focus group discussion so that focus groups could be used by the
researcher as a platform for probing for more information on unclear responses to the

questionnaires. A total of 45 learners who were part of the samples from the three high schools
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completed the questionnaires and retained them before the focus group discussion. Sketch
diagrams and metaphors, proverbs , similes and ideoms were included in descriptions of shapes,

designs, and structure of artefacts as part of their responses.

4.5.5.2 Focus group discussions with learners from the three high schools
There was a preponderance of male learners in the focus groups; in a focus group of 45 learners,
only 8 learners were female. Dearing et al. (2012) indicate recent studies that show historical
trend towards dwindling differences and increasing similarities in the cognitive performance of
boys and girls. As a result, | valued contributions from both male and female participants
equally. Figure 4.7 Shows photographs of learners skething IK artefacts taken during the focus

group discussion .
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Figure 4.7: Focus group discussion with learners (Source: original photographs)
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During the focus group discussions with the learners, I ensured that no individual*s expressed
views were obscured by the views of the group and also that no one person dominated the group
discussions at the expense of the contributions from others. | ensured this by making sure that
each of the learners was given time to make his or her own contributions. | would react to all
contributions in almost the same manner so as to ensure all learners would feel that their
contributions were important. The dynamic interaction during the discussion among the
participants stimulated their thoughts as evidenced by their full participation. Although the
learners having the opportunity to ask and answer questions generated more information than the
questionnaires, | was nevertheless, aware that the group climate could inhibit or fail to stimulate
some individuals. Consequently, | tried to make the discussions as natural and neutral as was
possible. Like in the questionnaires responses, sketch diagrams, and metaphors were included in
descriptions of shapes, designs, and structure of artefacts in the focus group discussions. All
discussions were video recorded and later played back to the learners, as is required by
indigenous research ethics (Odora-Hoppers, 2002b; Smith, 1999).

4.5.5.3 Interview with learners from the three high schools

Individual interviews were also conducted with the learners (Appendix F) in the laboratories at
their respective high schools. Learners were allowed to converse in either Shona or English, or to
mix the two languages. They used more Shona than English to identify artefacts and describe
them in terms of their own understanding of the design, structure, and uses of the artefacts.
Learners identified fewer IK artefacts than those that were identified in the community and the
teachers. In their contributions, learners revealed the mechanics concepts that were embedded in
the artefacts. | would give them guidance, ask probing questions, and use examples to assist
them. Learners proposed their own ideas about how the indigenous knowledge artefacts could be

integrated into their physics lessons.

4.5.6 Participation by teachers

Teachers completed questionnaires and were also involved in focus group discussions and

individual face- to -face interviews.
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4.5.6.1 Questionnaire for Physics teachers

The topics on which teachers were asked to respond were carefully worded in English
(Appendix B). Teachers were asked to indicate their personal information like professional
qualification. They were also requested to reflect on their social and cultural experiences.

The questionnaires included artefacts that needed deeper discussion and investigation. The
questionnaire was administered by the researcher before the focus group discussion so that focus
groups could be used by the researcher as a platform for probing for more information on unclear
responses to the questionnaires. A total of 18 teachers who were part of the Focus group formed
by physics teachers in Masvingo District completed the questionnaires and retained them before
the focus group discussion. Teachers included sketch diagrams, illustrations, and metaphors in

their descriptions of shapes, designs, and structure of artefacts.

4.5.6.2 Focus group discussion with teachers
The focus group discussion with physics teachers was conducted at one of the three high schools
(see Figure 4.8). The date coincided with a provincial workshop that had been organized for
physics teachers. The eight teachers from the three high schools in my sample attended together

with other fourteen physics teachers from other high schools. This made the focus group to have

twenty two participants.

Figure 4.8: Focus group discussions with teachers (Source: original photograph)
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4.5.6.3 Individual Interview with Physics teachers from the three high schools

Individual interviews were conducted with the teachers at their offices at their respective high
schools using an interview guide. (Appendix D). Interviews were conducted after school to avoid
disturbing the teaching schedules. The interviews were-face to face, in-depth semi-structured
form since the intention of the researcher was to get information detailed information that could
answer the research questions for the study. In-depth interviews encourage full disclosure of
information by participants(May, 2002). Open-ended questions produced more information than
closed questions. This agreed with Cohen, Manion and Morrison (2000) who observed that
open-ended questions are flexible and allow the interviewer to probe. | was granted permission

to video record the interview and also use the data in my research.

Teachers were allowed to converse in either Shona or English, or to mix the two languages. They
used more Shona than English to identify artefacts and describe them in terms of their own
understanding of the design, structure, and uses of the artefacts. Nearly all the artefacts discussed
were among those that had been identified in the community. During the discussions, it was
interesting to be part of the teachers™ discovering the mechanics concepts that were embedded in
the artefacts. | would give them guidance, ask probing questi