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Abstract

Mathematical geometrical (MG) concept is often perceived as abstract and
difficult to understand by students at the TVET College. Students are unable to
perform well in Mathematic Assessments Tasks specifically on this concept.
Drawing from this is the declining percentages of student enrolments in
mathematics at National Qualification Framework (NQF) level 2. The aim of
this study was to enhance the teaching and learning of Mathematical Geometry
through the integration of indigenous knowledge in the form of a pilot-practical
assessment task (PAT). The research team made use of focus group discussions
to gather empirical data. Students were given the practical assessment task that
incorporated indigenous knowledge to close the gap of students being unable to
relate the mathematical geometry taught in the classroom to their everyday lives
that seemed to prevail amongst mathematics students at a TVET College. Ten
co-researchers were homogeneously selected based on their level of experience
in teaching mathematical geometry at a TVET college located in the
Afromontane communities of Thabo Mofutsanyane municipality, South Africa.
The result indicated that indigenous knowledge can be utilized as an effective
way of learning and teaching mathematical geometry at the TVET college.
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Resumen

El concepto de geometria matematica (MG) suele ser percibido como abstracto
y dificil de entender por los estudiantes. De ello se desprende el descenso de los
porcentajes de matriculacion en matematicas en el nivel 2 del Marco Nacional
de Cualificacion (MNC). El objetivo era mejorar la ensefianza y el aprendizaje
de la Geometria Matematica mediante la integracion de los conocimientos
autoctonos en forma de una tarea de evaluacion practica (PAT). El equipo de
investigacion uso discusiones en grupos de discusion para recopilar datos
empiricos. La tarea de evaluacion practica que incorporaba el conocimiento
autdctono se realizd con el fin de cerrar la brecha de los estudiantes que no
podian relacionar la geometria matematica ensefiada en el aula con su vida
cotidiana, que parecia prevalecer entre los estudiantes de matematicas de un
centro de formacion profesional. Se seleccionaron diez coinvestigadores de
forma homogénea en funcion de su nivel de experiencia en la ensefianza de la
geometria matematica en un centro de EFTP situado en las comunidades
afromontanas del municipio de Thabo Mofutsanyane (Sudafrica). El resultado
indico que el conocimiento indigena puede utilizarse como una forma eficaz de
aprender y ensefiar geometria en la escuela de formacion profesional.

Palabras clave: Conocimiento indigena, geometria matematica, enseflanza y
aprendizaje, escuela de formacion profesional, comunidades afromontanas.
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fter two decades or more since South Africa has endured and

experience democracy South African institutions persist in the

utilization of colonial principles, especially through education

and the curricula at large (de Beer & Petersen, 2016; Fataar,
2018). According to Mudaly (2018), there has been a lack of cultural
mathematics in the South African education system, where knowledge is
harvested from outside the national context. The purpose and mission of
South African Technical and Vocational Education and Training (TVET)
colleges are to respond to the country's human resources needs for personal,
social and economic development. A transformed, high-quality, responsive
TVET system is an important investment in the future of South Africa and
its people (DoE, 1998). According to the Department of Higher Education
and Training (DHET, 2010), the National Certificate Vocational Level 2-4
Qualification currently offered at TVET colleges are not achieving the
curriculum objectives as envisaged by the FET Act of 2006 (DOE, 2006)
and the national plan for FET (DOE, 2008). Likewise, Terblanche (2017)
verified this by expressing that in the previous decade, NCV has
experienced poor certification and retention rate. This has tarnished the
image of the quality of programme delivery in TVET colleges as South
African TVET colleges attract a large number of academically under-
performing students from the school sector, and this contributes to the high
failure rate of students enrolled in NCV programme in subjects such as
mathematics.

The difficulty level in the NCV curriculum of mathematical geometry
coupled with abstract teaching prevailing in the colleges is not in sync with
the educational level of the underachieving students (Moleko, 2014), hence
the study aims at bridging this gap using the indigenous knowledge
approach. Attesting to this are Nkopodi and Mosimege (2009), who state
that education in South Africa has been largely centered on western values.
According to these authors, this has consequently led to the circumstance of
having students from disadvantaged backgrounds being unable to see the
link between the education they receive at school and their everyday
experiences, as teaching and learning of mathematics in TVET colleges are
still subjected to a teacher-centered and textbook oriented teaching approach
(Ozerem, 2012).

For many African learners, European knowledge constitutes a significant
barrier to education. In some cases, this also applies to educators (Nkopoli
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& Mosimege, 2009). Students find geometrical concepts abstract and
difficult to understand, resulting in low performances, thus contributing to
the declining interest in geometry (Bhagat & Chang, 2015). In concurrence
with these authors, we agree that by seeing mathematical geometry as a
discipline that represents objective facts, the discourses of teaching and
knowledge remain unchallenged. Mascarenhas (2004) defines indigenous
knowledge as the overall sum of the knowledge, language, and skills that
individuals in a specific geographical area possess, enabling them to get the
most out of their natural environment. Mathematical geometry is a branch
of mathematics concerning the study of space and relationships between
points, lines, surfaces, and higher dimensional analogs (Bhagat & Chang,
2015). Moloi (2013) suggests that African mathematics practitioners need
to take the initiative to integrate mathematics teaching with indigenous
cultural morals and values. The findings of this study are likely to build on
Moloi’s (2014) findings by focusing on mathematical geometry at a TVET
college, explicitly using the practical assessment tasks (PAT) as means of
integrating indigenous knowledge into the MG curriculum and
simultaneously fostering the culture of student-centered learning through
student interaction in the classroom.

Considering the challenges mentioned above, we believe that indigenous
knowledge can uphold the teaching and learning of mathematical geometry
in multicultural classrooms. Various tribes worldwide possess indigenous
knowledge that can be integrated into college curricula (Chahine, 2013).
Such knowledge includes indigenous music, architecture, mural
decorations, indigenous games, beadwork, weaving, and social activities
(Chahine, 2013). This knowledge can be an essential tool to bridge the gap
in understanding the connection between the mathematical geometry taught
in the classroom and students’ everyday life (Chabari, 2013; Mwakapenda,
2008). This means lecturers should provide students with concrete learning
materials, such as indigenous teaching aids, assisting them in exploring
geometrical patterns and using them in their ways of understanding and
rationalizing angles (Gordon & Browne, 2014). With this being said, this
study intends to bridge this gap by incorporating indigenous knowledge in
teaching mathematical geometry.
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Theoretical Framework

Critical emancipatory research (CER) is the theory that couched this study.
CER is a paradigmatic approach that embodies a perception of knowledge
production that can benefit disadvantaged people, such as mathematics
students in rural South Africa (Noel, 2016). According to Wellmer (2014),
CER upholds that social reality is historically destined and continuously
changing, depending on factors emanating from various points of view,
namely, social, political, cultural, and power-based. This theory maximizes
the perspective of those who are minoritized and researched to remain
voiceless with its ontological position of empowerment and liberation
(Behar-Horenstein & Feng, 2015). It assists lecturers in creating inviting
academic settings in the classroom that will place students at the center of
their learning process, directly involve them and relate the mathematical
geometry they learn in the classroom to their environment.

According to Behar-Horenstein and Feng (2015), CER relates to this
study because it compels lecturers to become aware of the indigenous
knowledge that is taken for granted, which can be used in the classroom to
enhance students’ assimilation, geometrical analysis, and problem-solving
skills. As Esau (2013) indicated, critical emancipatory research is a
participatory, democratic process concerned with developing concrete
knowledge to pursue worthwhile human purposes grounded in a
participatory perspective. The central role of this approach is to help
lecturers create an authentic representation of mathematical geometry,
which can catalyze students’ cognitive levels of thinking throughout their
learning process. The selection of this theory was informed by its optimum
contribution to student empowerment, affording students a platform of
being active participants in their various academic settings as opposed to the
key assumption that knowledge is only possessed by the dominant powers
possessed by the lecturers (Noel, 2016). It is an ideal framework as it
unceasingly attempts to stimulate social justice throughout the research. It
is permeable to this research as it guides the important and effective ways
of creating conditions under which the distorted consciousness can be
challenged and the refinement of positive academic identity is achieved
(Mahlomaholo, 2009). Thus, this paper's overall envisaged objective is to
improve the human condition through CER engagement.
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The following question will pilot the study:
Research Question

How can indigenous knowledge be integrated into teaching and learning
mathematical geometry at NQF level 4 at a TVET college?

Research Objectives

Based on the aim of this study, the following research objectives have been
formulated:
e To determine the challenges prevailing in teaching and learning
mathematical geometry, which necessitated the integration of IK.
e To determine possible solutions to the identified challenges in
teaching and learning mathematical geometry.

Methodology

Participatory Action Research (PAR) was adopted as the research design for
this study. There is diversity in the meaning of PAR, comprehensibly
ranging from the descriptors of “participatory research” and ‘“action
research” to “participatory action research” (McTaggart, 1991). However,
this study will best define it as a framework for creating knowledge. The
guiding principle is that the people most affected by an issue will be directly
involved with the design and process of research on the issue (Caswell,
2011). PAR, thus fits the study because it allows us to become immersed in
the context of teaching and learning mathematical geometry by involving
co-researchers in identifying the issues of concern and with its collaborative
elements on how to solve the problem by empowering them (Caswell,
2011). As a form of generating data, the research team critically engaged in
discourses through focus group discussions (FGDs) in the form of meetings.
The research team comprised NQF level 4 students of Campus A, lecturers,
and mathematics subject specialists. The role of the FGDs was to critically
discuss how the teaching and learning of mathematical geometry can be
enhanced and what could be the benefits of indigenous knowledge in the
Afromontane communities of Thabo Mofutsanyane municipality of South
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Africa. The research was conducted in the TVET sector of the Department
of Higher Education and Training. The research sample constituted the
following: four mathematics lecturers, individually drawn from four
different campuses of the TVET college, namely Campuses A, B, C and D,
based on their level of experience in offering mathematics; the research
team consisted of ten co-researchers, namely: two heads of department
(HODs 1/2), two mathematics lecturers (ML 1/2), one former teacher (FL),
one mathematics specialist (MS), one Senior lecturer (SL), one mathematics
tutor (MT) and two mathematics students (S1 /2). All were selected from
the TVET college campuses in the Afromontane communities of Thabo
Mofutsanyane municipality of South Africa. The following section will
discuss the methodology of this study.

PHASE ONE
DIAGNOSIS
ident fying and
def hing the
problem

PHASE FIVE PHASE TWO
SPECIFYING ACTION
LEARNING PLANNING
Learning from considering
act bn and taking alternat ve means
correct ve act bn of act bn

PHASE FOUR
EVALUATION
studying the
consequences of
the selected
act bns

PHASE THREE
TAKING ACTION
select hg and

implement hg the
means of acton

Figure 1. Gerald's PAR Model (1983)

Data collection was aligned with Gerald’s PAR model (1983). Gerald
(1983) described the PAR model in five subsequent phases. Thus, the data
collection process of this study was guided by these five phases of Gerald’s
PAR model: Phase 1, Diagnosis; Phase 2, Action Planning; Phase 3, Taking
Action; Phase 4, Evaluation and Phase 5, Review. This PAR model
approach is a cyclic collaborative research process that expects co-
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researchers to be active throughout the research process (McNiff &
Whitehead, 2006). The purpose of this meeting was for the research team to
diagnose the challenges experienced in the teaching and learning of MG,
providing a clear understanding of the problem at hand through the aid of
SWOT analysis. This analysis was identified as a traditional form of
brainstorming because of its positive reputation in strategic plantings
(Phadermrod et al., 2019). In this phase, the team established the dire need
for enhancing the teaching and learning of MG. This was complemented by
the rate of student enrollment in mathematics. From the deliberation, it was
agreed that the agenda of the next meeting was to do action planning. The
subsequent phase describes the action planning of the proposed approach in
detail. The purpose of this meeting was to establish possible solutions on
how the identified challenges could be addressed to enhance the teaching
and learning of MG. The team proposed a strategic plan to investigate how
the integration of indigenous knowledge in the teaching and learning of
mathematical geometry can be actively explored to yield the outcomes of a
pilot-practical assessment task (PAT) as an initial attempt to integrate
indigenous knowledge into the mathematical geometry content. Phase 3, the
action-taking phase, was the administration of PAT to the identified
population, and phase evaluation presented the outcomes as illustrated in
Fig.1 below. In contrast, the phase 5 review is based on the students’
submissions (Fig. 1) and the administration of the PAT successful process
that managed to enhance parental involvement in their children's learning
process. This feedback was done to ensure that all the valuable aspects of
the study were covered and monitored correctly. Thus, the study was
consistent.

Discussions to enhance the teaching and learning of mathematical
geometry were done with the study's objectives outlined above. The
discussion was amongst the selected co-researchers of the study. The
principles of PAR guided the discussion throughout, and co-researchers
participated by embracing the research principles of participation and
reflection, empowering and emancipation as a team with a solidified aim to
incorporate the indigenous knowledge present in the community in the
teaching and learning of MG. The three features of PAR were applied: a
segment possession of the research process, analysis of the teaching and
learning of MG at a TVET college, and the integration of indigenous
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knowledge in the teaching and learning process of MG (Molaodi, 2013).
PAR allowed co-researchers in the study to segment possession of the
research process in identifying the challenges experienced in the teaching
and learning of MG, and co-researchers explored the possible means by
which indigenous knowledge can be integrated into the teaching and
learning of MG.

Data were analyzed using thematic analysis. Thematic analysis is an
encoding process whereby qualitative information is analyzed. This
encoding process is mainly based on categorical codes. In this study, Braun
and Clarke’s six phases of thematic analysis were adopted to make sense of
what the study intends to achieve, namely: (1) Acquaintance of data by the
researcher, (2) Generating initial codes throughout the transcript, (3)
Searching for themes (4) Reviewing and evaluation of themes, (5) Defining
and refining themes and (6) Producing the report. These steps were also
conjoined by Wolcott (2008) to give meaning to the data description,
analysis, and interpretation. It is in connection with the utilization of this
method of analysis and the methodology (PAR) of this study that there was
an understandable relationship between discourse and power. The recorded
discourses and transcriptions were the primary data source for answering
the research question and the above-set objectives of this study. Permission
to conduct this study was sought under the Ethics Committee of the Free
State with approval number UFS-HSD2019/0040/0207.

Findings of the Study

Challenges Prevailing in the Teaching and Learning of
Mathematical Geometry

This section analyzed and discussed data based on understanding the
challenges: visualization skills and students' socio-cultural context in
learning,
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Visualization skills

The first challenge discovered during the FGD meeting was the students'
lack of visualization skills. According to the literature, visualization of
geometrical shapes and/or figures (making mental pictures and drawings)
also can lead to the selection of appropriate operations and the attainment
of the correct solutions to the problem (Moleko, 2018). During our
discussion, although the co-researchers believed that visualization is
essential when dealing with this mathematical concept, they acknowledged
that it is a skill most students lack. See the statement below:

MSI: Pictures are important in imprinting knowledge in one's

mind. Students’ inability to identify various orientations of

geometric figures affects their performance because they

cannot interpret questions on their own.

HODI1: Lecturers do not have enough resources to teach MG

in the classroom. MG is a practical topic; hence, lecturers and

students must always engage in visual and tactical teaching

and learning when dealing with this concept.

The above excerpts seem to align with the research findings of Yilmaz
and Argum (2018, p. 53) when emphasizing that visualization has a solid
complementary role in the teaching and learning of MG. Thus, the excerpts
indicate that students lack the skill to visualize mathematical geometry
shapes (internal visualization). MS1’s statement shows the importance of
visualization in the teaching and learning of MG. It outlines that in absentia,
not only are these statements, but the literature also highlights that lack of
this skill is a challenge for this study. However, HOD1 has revealed the
reason for this challenge. According to his statement, MG is a practical
topic. Hence lecturers and students must always engage in a visual and
tactical style of teaching and learning when dealing with this concept. MG
necessitates lectures to bring teaching aids or, to a more significant extent,
encourage students to interact with each other through the engagement of
practical activities that will assist students in recalling MG shapes and their
properties, respectively, because of being physically exposed to them.

Our analysis of the above excerpt is that the failure to visualize MG
shapes and figures internally makes it difficult for students to understand
the various properties associated with these shapes and figures respectively,
and this consequently leads to students mixing up the essential and relevant
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information expected to be presented during assessments and not perform
well in the mathematical concept in general. Furthermore, the teaching of
MG is presented traditionally, whereby students are given problems and
expected to provide answers only. Students are not asked to apply their prior
knowledge; prior knowledge is not even elicited from them. PAR, in this
regard, contributes to the democratization of the research procedure and the
development of social change as it allows the co-researchers to describe the
challenges democratically, being free to air their views from their
perspective.

This facilitated a deeper meaning of what was deemed to be the
challenge and its causes. Moreover, CER endorses the notion that the
problem must be understood for sound solutions to be devised for a problem
to be addressed. With this in mind, our personal interpretation from the
above conversation is that students’ inability to visualize the MG shapes and
figures is a challenge that needs to be addressed. The next subsection adds
to this by describing the challenge retrieved from the discussions as students
cannot relate the mathematical geometry taught in the classroom to their
everyday lives.

Students’ socio-cultural context in learning

The research team identified the second challenge as the inability of students
to relate the MG taught in the classroom to their everyday lives. This
involves engaging students in activities designed to bring abstract
mathematical geometry concepts home. With the indigenized approach to
teaching and learning of MG, students can retain what they learn in the
classroom and recognize the impact of what they learn at the institution, as
confirmed by the comments below.

HOD2: It is due to the abstractness of MG that students cannot

see the link between what is taught in the classroom and what

they see or do in a real-life situation (Cognitive levels of

thinking).

ML1: Lecturers appear to have more trust in the textbook and

have resorted to its utility holistically.

S2: When teaching MG, lecturers tend not to use practical

examples that apply to our local homes (geographical area),
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like the various types of roofing present in their communities,
to demonstrate the different angles in our real-life situations.

Lack of resources, such as basket weaving techniques, arithmetic, local
languages, children's self-made toys, Sona drawings, traditional
architecture, and traditional games whereby lecturers only rely on a
textbook as the only source of information is evidence enough that there is
a need for indigenous knowledge to be incorporated into the teaching and
learning of mathematical geometry. The need for lecturers to bring
indigenous teaching aids to the classroom cannot be overemphasized, as
deduced from ML1’s statement. Concerning these utterances, a lecturer
must prepare each lesson with this knowledge in mind. My understanding
of these deliberations is that, through a proper understanding of the concept
of thought, students will be able to take what they have learned in the
classroom and relate it to their everyday lives.

Possible Solutions to the Identified Challenges in the Teaching and
Learning of Mathematical Geometry

According to the data generated, the following are the suggestible solutions:
learning through concrete pictorial abstracts and practical assessment tasks
as strategies to improve visualization skills and assist students in relating
the mathematical geometry taught in the classroom to their everyday lives.

Learning through concrete pictorial abstracts

The first solution discussed as possible strategies to improve students’
visualization skills in the teaching and learning of MG was concrete,
pictorial abstract (CPA), and technological aspects in the form of indigenous
artifacts. Concerning literature, mathematical visualization is the process of
creating images or constructing mental representations and using such local
images effectively for mathematical discovery and understanding (Scriven
& Paul, 2005). Campbell (1995) further encourages the development of
culturally related visual images and intuitive skills in all the developmental
processes. Not only that, but the data generated during the team discussion
also reflects the above suggestion by the literature. Some of the co-
researchers said the following:
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HODI1: Since we are in the 21st century, this generation of
students is more interested in technology. Imagine if MG was
taught using technology, as opposed to the old-school way? If
the technology incorporating local knowledge were integrated
into the teaching and learning of MG, this would assist in
eliminating the abstractness of the concept of geometry.
HOD2: "Lecturers must use different teaching methods.
Alternative teaching methods, such as the concrete, pictorial
abstract (CPA) method, employ indigenous teaching aids.

In line with the above statement, it indicates a solution derived from both
the students' and the lecturers' sides of teaching and learning. We agree with
HOD1’s statement that times have changed, and development is
continuously occurring. This generation of students is digitally inclined. For
lecturers to entice students' interest in MG as a concept, amongst the
indigenous teaching aids or resources, we can utilize in the lessons, and
technology takes the first seat.

Our reflection on these statements is that resources can assist lecturers in
presenting the various geometric shapes and figures, visibly displaying their
properties using cultural artifacts and the connection thereof. These could
be done in a simplified manner, such as using PowerPoint slides to display
the indigenous information that is no longer prevailing in the communities
that will serve as a significant contribution to the teaching and learning of
MG, coupled with the CPA method mentioned by HOD2. From the
textbooks, geometry is abstract, but it could be easier for students if a
lecturer could apply the CPA method as uttered by HOD?2, supported by
literature, Leong et al. (2015) state that most students prefer a visual
learning style, which utilizes characteristics maximized by a concrete
pictorial and abstract approach (CPA). We, therefore, summarize this
section by noting that the strategy firmly believes that indigenous teaching
aids are significant and relevant in improving students' visualization skills.
The following subsection discusses students’ interaction in the classroom to
enforce positive attitudes and beliefs in the teaching and learning of MG.

Practical assessments tasks

An additional possible solution suggested by the research team in
responding to the need to address the challenges identified is the integration
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of practical assessments into the college mathematics curriculum to assist
students in learning and understanding mathematical concepts through
hands-on activities. In other words, a productive disposition is reached when
students see sense in mathematics. This can be enhanced using practical
assessments, as alluded to in the statements from the co-researchers:
MSL: Students need to identify the concepts done in class in
their real-life situations to use their different methods of
understanding these concepts. Practical visible examples and
tangible cultural activities such as beadwork can make
students understand this concept better and easier.

According to MSL’s utterances, lecturers must develop complementary
teaching methods that enable students to understand mathematical geometry
using their traditional and cultural materials to retrieve hidden moments of
geometrical thinking. This will assist them in connecting the MG taught in
the classroom and their everyday lives, like what was done in the PAT,
whereby students were supposed to construct geometric circle theorems
using indigenous teaching aids in the form of beads. This is coupled with
the historical presentation that students must do in class (See Figure 2
below).

Figure 2. Circle Theorem Geometry (Practical Assessment Task Evidence)
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Figure 2 is an illustration of what can be characterized in many
geometrical forms and patterns of traditional objects like baskets, mats, pots,
houses, fish traps, and others.

Introducing practical and visible examples in teaching and learning
mathematical geometry can bear positive results, as these traditional
artifacts reflect accumulated experience and wisdom. It was deduced from
the students that the acknowledgment of the different lines present in the
circle geometric theorems leads to a clear understanding of the various
angles subtended by each, such as the radius, diameter, arc and chord.

Our analysis of the above accomplishments is that learning is a social
activity. This implies that learning is closely associated with our connection
to the environment, which is the students' everyday lives, lecturers, peers,
family, as well as casual acquaintances. CER has effective ways of creating
conditions under which the distorted consciousness can be challenged and
cultivating a positive academic identity. The above discussion indicates the
significance of using tangible and practical assessments which incorporate
local knowledge will enable students to relate the mathematical geometry
they learn in the classroom to their everyday lives.

Conclusion and recommendation

This study has shown that the rich indigenous knowledge present in local
communities is not put to good use, especially in Afromontane
communities. This outcome resulted from the PAT assessment that
requested students to research the communities involving their parents. This
gesture made students realize that mathematical geometry is not confined to
westerners. Through this task, it became evident that elders in the
community know and understand mathematical geometry and have had the
opportunity to use it in their vicinity without referring to it as MG.
Nonetheless, with all these said, it is distinct that this approach has managed
to arouse students’ interest in MG, closed the gap that seemed to be
prevailing of students being unable to relate the MG taught in the classroom
to their everyday lives, and emphasized the difference indigenous
knowledge can bring in the teaching and learning of MG and mathematics
in general. Based on the overall findings of this study, there is a need for
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South Africa to indigenize the curriculum along with Westernized and
Eurocentric content. The Department of Higher Education and Training
should create curriculum materials that guide lecturers through this process
of indigenizing the curriculum.
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