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ABSTRACT

This study was aimed at designing a strategy to enhance mathematics pedagogical
content knowledge (PCK) of teachers teaching Grade 9 learners using a problem-
based learning (PBL) approach. PCK is the blending of content and pedagogy into
how particular topics are presented to learners. Four components of PCK, namely
understanding of learners’ misconceptions, understanding of content knowledge for
teaching, understanding of pedagogical knowledge and understanding of curriculum
knowledge were used to define a knowledge base needed for teaching mathematics.
Furthermore, in the context of this study, PBL was used to enhance the above-
mentioned PCK components through coordinated teams. PBL is defined as a learner-
centred instructional method that utilizes real problems as a primary pathway for
learning that develops learners’ ability to analyse ill-structured problems to strive for a

meaningful solution.

The study focused on how to enhance Grade nine mathematics teachers’ PCK using
problem-based learning. It explored the challenges that teachers face when teaching
Grade nine mathematics in terms of mathematics pedagogical content knowledge
(MPCK). These challenges included, but were not limited to the non-existence of a
coordinated team to enhance MPCK for teaching the Grade nine curriculum; poor
follow-up of learners’ misconceptions; insufficient lesson preparation; insufficient use
of curriculum materials when teaching; no integration of assessment and lesson
facilitation; non-implementation of a learner-centred approach and poor mathematical
knowledge for teaching.

The study generated a strategy to respond to these challenges. However, the major
challenge was that the knowledge base needed for teaching mathematics is
contextually bound and complex. Therefore, the study adopted Critical Emancipatory
Research (CER) as a theoretical lens for the study, mainly due to its critical
commitment to confront social oppression and challenge well-established ways of
thinking that frequently limit teachers’ potential. In this study, CER enabled co-
researchers and | to consciously work together towards mastering critically challenging
and changing systems that routinely oppress them. Through CER the study embraced
multiple perspectives and negotiated meaning in formulating a strategy to respond to

the identified challenges.
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Guided by an epistemological stance that embraces the value of welcoming subjective
views on knowledge production, participatory action research (PAR) created a
platform for participants who later became co-researchers to engage in knowledge
production activities with equality and tolerance of contrasting views. Through
problem-based learning workshops (PBLW), anchored in PAR methodology, a team
of eight Grade nine mathematics teachers, their classes, a principal, a mathematics
subject advisor and | worked together at the research sites. The research team
collectively identified challenges that teachers faced, and enacted negotiated solutions

to improve the wisdom of practice when teaching Grade nine mathematics.

The generated data comprised photos, video recordings, audio recordings, learners’
scripts, co-researchers’ reflections, and lesson plans. Data were analysed using
Critical Discourse Analysis (CDA). To understand the deeper meaning of the personal
and subjective accounts of co-researchers’ lived experiences in teaching
mathematics, data were analysed and interpreted at three levels of CDA, namely text,
discursive practice and social structure. Through CDA the study analysed problems
experienced by teachers who teach mathematics. This was done for the purpose of
proposing possible solutions and strategies that might be developed, adopted and

adapted to effectively address the problems that teachers experienced.

Finally, to sustain the formulated strategy to enhance MPCK during and beyond the
duration of the study, the conducive conditions for the strategy were investigated and
enacted. The study further analysed and presented possible ways to circumvent
threats and risks that could derail successful implementation of the strategy. The study
was transformative in nature, which created the opportunity to operationalise and
evaluate the success of the strategy prior to it being considered for recommendation.
In conclusion, the study findings are revealed, indicators of success are identified, and
recommendations are made. Some of the findings were that teachers worked in silos;
their lessons were inadequately prepared; mathematics manipulatives were not
judiciously utilized as the classroom discourse was teacher centred, starting with
demonstration first and assessment later. Lastly, teachers’ knowledge gap regarding

mathematics knowledge for teaching resulted in a learning cul-de-sac.

Keywords: Mathematics pedagogical contend knowledge (MPCK), Problem based

learning (PBL), Coordinated team.
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CHAPTER 1 : OVERVIEW OF THE STUDY

1.1. INTRODUCTION

This study was aimed at designing a strategy to enhance mathematics pedagogical
content knowledge (PCK) of teachers teaching Grade 9 learners using a problem-
based learning (PBL) approach. This chapter introduces this initiative with a brief
background to contextualise the problem statement. It also provides brief outlines of
the theoretical framework, study design, methodology and data analysis.

1.2. BACKGROUND TO THE STUDY

Pedagogical content knowledge is the blending of content and pedagogy into how
particular topics are presented to learners (Shulman, 1987:8). Ngo (2013:82) views
PCK as teachers’ understanding of common students’ errors within a topic. Although
Peng (2013:84) argues that PCK is elusive and difficult to define, PCK entails teachers’
ability to help learners comprehend mathematics concepts. Appleton (2008:525) also
includes knowledge of curriculum as one of the PCK components. On the other hand,
PBL is a learner-centred instructional method that utilizes real problems as a primary
pathway for learning and enhancing students’ ability to analyse ill-structured problems
to strive for a meaningful solution (Ramsay & Sorrel, 2006:2). According to Laursen
(2013:31), PBL components include, but are not limited to problems, a team-based
approach and reflection on the appropriateness of the product results. The study used
these PBL components to enhance Grade 9 teachers’ mathematics pedagogical
content knowledge (MPKC).

Drawing from the research conducted by Trends in International Mathematics and
Science Study (TIMSS) between 2002 and 2011, Spaul (2013:17) posited that South
African (SA) Grade nine learners have been outperformed by Grade eight learners
from 21 other middle-income countries in mathematics. The research findings
demonstrated that SA Grade nine mathematics learners were comparatively two
years’ worth of learning behind the average Grade eight pupil (Spaul, 2013:17).
Linking learner performance to quality of teaching, the literature also claims that poor

subject knowledge, and poor mathematics teaching and learning are serious problems
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in South African education (Diko & Feza, 2014:1457). A positive correlation between
learners’ performance and teachers’ understanding of PCK components such as
content knowledge confirms the view that “teachers cannot help learners with content
that they do not understand themselves” (Venkat & Spaul, 2015:122; George & Adu,
2018:141). In the SA context, rural teachers seem to struggle with mathematics
subject matter knowledge (Spaull, 2013:5). Consequently, “teacher’'s poor
understanding of the concepts of ratio and number” resulted in incoherent, illogical
and convoluted explanations, which made no sense to learners (Bansilal, Brijlall &
Mkhwanazi, 2014: 36). The research also revealed that teachers had insufficient
knowledge of teaching strategies and of students’ misconceptions regarding quadratic
functions (Sibuyi, 2012:71).

It seems that in Lesotho, a country in the Southern African Development Community
(SADC) region, teachers also used ineffective teaching methods and religiously
followed rules and procedures to teach fractions, instead of concept understanding
(Marake, 2013:185). In Turkey and in Nigeria teachers were unable to identify and
correct learners’ misconceptions (Tansil & Kose, 2013:2; Zuya, 2014:121). According
to Kilic (2011:19), teachers could not understand learners’ reasoning when learners
presented the following incorrect solutions for 4 divided by 0, namely 4 +0 =0, or 4 +
0 = 4. In the United States of America (USA), teachers lack mathematics knowledge
(Ball & Bass, 2002:13) and had significant difficulty in explaining the “meaning of
division with fractions” (Ball, 1990:453). Evidently, from the above scholarly discourse,
poor teacher knowledge in terms of MPCK components does not seem to be only a
SA problem, but is a common challenge in many countries around the world. It is self-
evident that teachers cannot help children learn things they themselves do not
understand (Ball, 1991:6). In supporting Ball's (1991:6) assertion, McNamara
(1994:231) theorized that teachers would have difficulties to teach if they had no

knowledge of and experience in terms of content knowledge.

As an antidote to the above challenges Ono and Ferreira (2010:65) reported about the
project called Mpumalanga Secondary Science Initiative (MSSI) that intended to
enhance teachers’ teaching skills in mathematics. During reflection on the observed
mathematics lessons in the MSSI project, participants agreed to first identify positive
aspects in the observed lesson, and presented suggestions on the identified arears of



improvement (Ono & Ferreira, 2010:67). In Namibia, teachers used questioning, prior
knowledge and pair and group work as strategies to implement learner-centred
education (LCE) (Amakali, 2017:686). This major shift in the Namibian education
system resulted in the introduction of the Basic Education Teacher Diploma (BETD)
programme founded on learner-centred pedagogical principles (Peters, 2016:39). In
Nigeria teachers were encouraged to attend training workshops to improve their
subject matter knowledge (Obilor, 2012:48; Zuya, 2014:117). It is also reported that
pre-service teachers in California claimed that they felt like they were ‘really learning
how to teach mathematics’ after having engaged in a training programme that blended
subject-matter, that is, number sense, algebra and functions with pedagogical training
(Morales, Anderson & McGowan, 2003:49).

However, these studies referred to above did not use a PBL approach in developing
PCK. The use of the PBL approach to enhance PCK is reported to have enabled
teachers to refine their reasoning ability in integrating their knowledge, curriculum and
learners (Peterson & Treagust, 1995: 304). In addition, participants in the study
conducted by Schmude, Serow and Tobias (2011:682) valued analysing students’
work by exploring strategies and ideas that could help develop the student’s
understanding of mathematics.  Moreover, the literature also revealed that
mathematics scores increased significantly as problem-solving skills, critical thinking,
creative thinking, and maths communication skills increased over the years of PBL
implementation (Inman, 2011:55 & 99).

1.3. PROBLEM STATEMENT

In view of the background given above it is evident that PCK is still a challenge in many
countries (Marake, 2013:185; Spaull, 2013:5; Tansil & Kose, 2013:2 & Zuya,
2014:121). The practice of teaching mathematics as a set of arbitrary and unrelated
rules seems to continue unabated. Learners are expected to memorize mathematics
procedures and as consequence, their mathematics concept understanding has been
negatively affected. The study locates the problem within the aspects of mathematics
content knowledge that embody its teachability, thus PCK (Ball, 1990:453). It appears
that teachers have challenges in terms of mathematics content knowledge,

mathematics pedagogical knowledge, understanding of learners’ knowledge and



mathematics curriculum knowledge (Ball & Bass, 2002:13). Therefore, in response to
the preceding challenges, the study designed a strategy to assist teachers’

collaborative emancipation by addressing the following research questions.

1.3.1. Research question

How can mathematics pedagogical content knowledge of teachers be enhanced when

teaching Grade 9 learners using problem-based learning?

1.3.2. The aim of the study

The aim of the study was to design a strategy to enhance mathematics pedagogical
content knowledge of teachers teaching Grade 9 learners using problem-based

learning.

1.3.3. Objectives of the study
The objectives of the study were to:

e identify and analyse challenges that teachers teaching Grade 9 learners face
regarding their mathematics pedagogical content knowledge;

o formulate components of a strategy to respond to challenges facing Grade 9
mathematics teachers regarding pedagogical content knowledge using
problem-based learning;

e understand conditions for the successful implementation of the strategy to
respond to challenges facing Grade 9 teachers in their mathematical
pedagogical content knowledge using problem-based learning;

e anticipate possible threats in the design and implementation of the strategy to
respond to challenges facing Grade 9 teachers in their mathematical
pedagogical content knowledge using problem-based learning;

¢ understand and investigate the indicators of success in the implementation of
the strategy to respond to challenges facing Grade 9 teachers in their

mathematical pedagogical content knowledge using problem-based learning.



1.4. THEORETICAL FRAMEWORK

In developing a strategy, the study used Critical Emancipatory Research (CER). CER
promotes social justice and democracy while aiming at enhancing humanity, social
values and equity by showing respect to the participants (Nkoane, 2012:98). In CER
the participants are treated as equals with the researcher and it is seen to be
empowering and liberating (Mahlomaholo, 2009:225-226). Guided by CER, the
researcher worked together with participants in developing the strategy to emancipate
Grade nine mathematics teachers in terms of MPCK enhancement. CER furthermore
encourages a relationship of mutual trust and respect between the researcher and
participants. In CER the participants are recognised and valued, and thus treated with
respect as fellow humans by the researcher, unlike in a positivist paradigm where they
are treated as if they are mere impersonal objects in a natural science laboratory
(Mahlomaholo, 2009:225-226).

CER facilitates politics to confront social oppression in rural schools and the
researcher has to learn how to put his knowledge and skills at the disposal of the
researched participants, for them to use in whatever way they choose (Oliver, 1992:
110). It is also argued that critical teachers (co-researchers in this case) must
challenge their own well-established ways of thinking that frequently limits their
potential and this could lead to critical consciousness that enables them to change
systems that routinely oppress them (Tutak et al., 2001:66). This study, therefore
sought to empower mathematics teachers so that they might be able to reflect on and

openly criticise their own classroom practice.

1.5. CONCEPTUALIZING OPERATIONAL CONCEPTS

Shulman’s (1986:9) seminal presentation defined PCK as the ‘special amalgam’
between content knowledge and pedagogical knowledge mainly focusing on ways of
making the subject comprehensible to others. By implication, pedagogical knowledge
and content knowledge become components of PCK, including curriculum knowledge,
which according to Shulman was referred to as ‘tools of trade’ (1987:8). Peng

(2014:88) included knowledge of learners’ understanding as one component of PCK.



The strategy focused on the following PCK components: content knowledge,
pedagogical knowledge, understanding of students’ misconceptions, and curriculum

knowledge

PBL is not only instructional approach as Ramsay and Sorrel (2006:2) asserted, but
an educational strategy or even a philosophy (Savin-Baden & Major, 2004: 5) that is
grounded in a constructivist learning theory (Goodnough, 2006:302; Mcconnell, Parker
& Eberhardt, 2013:221). In addition, PBL refers to collaborative learning in small
groups (Murray-Harvey, Pourshafie & Reyes, 2013:115). In the proposed strategy we
recommend the use of PBL with more focus on collaborative team work to enhance
Grade nine teachers’ MPCK.

1.6. OVERVIEW OF THE LITERATURE REVIEW

The operationalisation of the objectives of the study was done through reviewing the
literature on good practices in terms of education policy frameworks, problem-based
learning and the research findings. The literature reviewed is local, regional (the
Southern African Development Community [SADC]), continental and global. Key

concepts arose as constructs to be used in Chapter four to interpret the empirical data.

1.6.1 Justification for the need to develop a strategy to enhance PCK using PBL

SA education policies do not explicitly prescribe the application of PBL, although they
seem to embrace its principles (Mahlomaholo, 2013a:67). Despite the claimed
success of PBL in mathematics teaching and learning (Erickson, 1999:520), it seems
that there is little research that has explored how the adoption of PBL impacts the
development of PCK (Goodnough, 2006: 303). “In a few studies focusing primarily on
teachers’ use of PBL in their own classrooms, teachers reported changes in their
enthusiasm for teaching, critical thinking skills, and classroom practices” (Weizman,
Covitt, Koehler, Lundeberg & Oslund, 2008:31-32). Evidently, one of the fundamental
principles of PBL is that learning takes place through dialogue among team members
characterized by mutual respect (Barge, 2010:15). Despite team work being espoused
in PBL principles, Mosia (2016: 115) reported that mathematics teachers who did not

collaboratively teach Euclidean geometry failed to realize knowledge of teaching as a
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socially constructed endeavour. The non-existence of coordinated teams denied
teachers the opportunity to use collective wisdom to untangle encountered problems
in the teaching practice (Mosia, 2016:115).

1.6.2 Determining the components of the strategy to enhance PCK using PBL

The initial research meetings identified challenges in relation to teachers’ inability to
help learners comprehend mathematics concepts. In addressing these challenges, the
research team was constituted from the school community, members of society, and
education officials. In developing comprehensive working solutions for the identified
problem, thus, enhancing the ‘wisdom of practice’ (Shulman, 1986:9), expertise from
various sectors was needed. The components of the strategy focused on the
establishment of a coordinated team to resolve problems regarding mathematics
content knowledge for teaching (MCKT), pedagogical knowledge, learners’
mathematics misconceptions and mathematics curriculum knowledge. Coordinated
team work is in line with the narrative that the meeting of two agents or inter-
subjectivities results in growth and “reciprocal beneficiation” (Mahlomaholo,
2012a:293). Coordinated team members attach value to learners’ thinking when they
collectively try to understand learners’ ways of solving mathematics problems and in
the process, they consequently create new knowledge (Gardee & Brodie, 2015:2).
Through collaborative work, coordinated team members do not only share expertise
on curriculum knowledge, which Shulman (1987:8) referred to as ‘tools of trade,’” but
also share experiences about what Shulman (1986:9) called the most powerful forms

of representation.

1.6.3 Conducive conditions to enable successful implementation of the

strategy

The conditions for the successful implementation of the strategy include active
collaborative group-work or team settings, real-life problems and a democratic
environment in the classroom where both the tutor and the students have the same
status in the dialogic arena (Armitage, 2013:13; Humelo-Silver, 2004:236; Krogh &
Jensen, 2013:10; Mahlomaholo, 2013a:72). It is further claimed that PBL facilitators



must possess communication and social skills, and must take a genuine interest in
students’ learning through using real-life problems (Coffin, 2013: 204). Furthermore,
Stegeager, Thomassen & Laursen (2013:153) theorized that “the problem should
express the students’ ‘astonishment’ or ‘cognitive disturbance’ in the context of the
relevant academic disciplines”. It is also crucial to consider the cultural conditions, like
teacher-centred approach, that may contradict PBL. PBL should be implemented in a
piecemeal way, carefully balancing the innovative principles and the conservation of
the old values and norms, especially when implemented in an institute with long

standing traditions in teaching and learning (de Graaff, 2011: 125).

1.6.4 Identification of threats that might derail the implementation of the

strategy

Noted threats that could hinder successful BPL implementation inter alia include
resource limitations, the influence of tradition, and inappropriate change strategies (Li,
2013:177). A perception also exists that PBL is time consuming, impossible to
implement in large classes, would likely increase teachers’ workload, and is in conflict
with the dominant culture of old non-democratic teacher-centred practices
(Mahlomaholo, 2013a:80). PBL critics argue that it is less effective and it “may have
negative results when students acquire misconceptions or incomplete or disorganized
knowledge” (Kirschner, Sweller and Clark, 2006:84). To avoid these risks, however,
proponents of PBL argue there should be thorough debriefing in concluding the
learning experience to consolidate the learning experiences and to demystify learners’
misconceptions (Savery, 2006:12). To reduce resistance to change from traditional to
learner-centred approaches, to encourage teamwork among teachers, through
promotion of a gentle change, which would allow educators to experience PBL,
seemed more feasible (Li, 2013:182). On the other hand, Mahlomaholo (2013a:80)
suggested the advocacy programme to cultivate a buy-in from stakeholders, which, by

implication may influence the prioritization of PBL resources.



1.6.5 Demonstrating the indicators of success of the strategic framework

Successful implementation of PBL was evidenced through the improvement of
mathematics PCK and learners’ mathematical reasoning. Teachers need PCK to be
able to understand the possible difficulties that their students may encounter in a
specific topic (Karaman, 2012:59). The use of PBL demonstrated the possibility for
teachers to acquire the necessary PCK to teach particular topics (Goodnough,
2006:303; Peterson & Treagust, 1995: 304). Ball and Bass (2003, 44) further claim
that “just as students need to learn to reason mathematically, so, too must teachers
develop and learn practices to support such learning”. By implication, the improved
learners’ mathematical reasoning also indicated success regarding the use of PBL to

enhance mathematics PCK.

1.7. RESEARCH DESIGN AND METHODOLOGY

Rather than merely describing what is happening at research sites or explaining it, this
study went beyond that to design a framework and strategy to attempt to resolve
particular real-life problems at the research sites (cf. Mahlomaholo, 2013b:4614). The
study therefore adopted Participatory Action Research (PAR) (MacDonald 2012: 37)
as a practical intervention to enhance mathematics PCK using PBL. PAR refers to a
collective enquiry in social situations and taking action or effecting change in order to
improve the rationality and justice of participants’ own social practices (Green, George,
Daniel, Frankish, Herbert, Bowie & O’Neill, 2003:419). PAR has an emancipatory
stance through enabling people to “unshackle themselves from the constraints of
irrational, unproductive, unjust and unsatisfying social structures which limit their self-
development and self-determination” (Kemmis & Wilkinson, 1998:24). It is
collaborative in nature, hence research that has adopted this methodology is done

“with others rather than on or to others” (Cresswell, 2013: 25).

A team of eight Grade nine mathematics teachers, their classes, one principal and the
subject advisor were assembled to work together at the schools in Joe Ggabi District
(Mount Fletcher) in the Eastern Cape Province. The team engaged on the following
stages of action research, namely reflection, planning, action and observation that

followed each other in a spiral or cycle (Khan and Chovanec, 2010: 35; MacDonald,



2012: 37; Mc Taggart, 1994:315). The data were generated through meetings,
workshops, discussions, reflections and observations using audio and video tapes.

The strategy was implemented in six schools in the rural area of Mount Fletcher in the
Joe Gqgabi Education District. For confidentiality and anonymity, the schools’ names
are not mentioned, and for co-researchers pseudonyms were used. To stimulate
debate, reflective meetings were held after every lesson observation. The co-
researchers’ proposals in terms of how mathematics lesson plans in the strategic plan
should be done shaped the research process. In line with the views of Cresswell
(2013:25) and Kemmis and Wilkinson (1998:24), co-researchers were central to the
study and their voices were heard, rather than being perceived as objects to be
manipulated and regulated in a setting detached from the real world of their lived
experiences and practices (cf. McGregor & Murnane, 2010:425). All participants were
allocated roles and responsibilities. The coordinated team identified resources for that

particular activity and time frames were also determined for activities to take place.

1.8. DATA ANALYSIS

Data were analysed (transcribed) through the use of Critical Discourse Analysis (CDA)
(cf. van Dijk, 2001:352). To understand the deeper meaning of the personal and
subjective accounts of co-researchers’ lived experience in teaching mathematics,
generated data were analysed and interpreted at three levels of Fairclough’s (1995:97)
dimensional conception of CDA, thus, text, discursive practice and social structure.
The data comprised photos, video recordings, audio recordings, learners’ scripts, co-

researchers’ reflections, and lesson plans.

1.9. ETHICAL CONSIDERATIONS

The study first sought full permission from the Eastern Cape Department of Education
(ECDoE), and its findings as well as results will be made accessible to the public (see
Appendix 1). However, the identities of participants, who later became co-researchers
were concealed and remained confidential. This process included letters of consent
and permission to participate from co-researchers and parents of participating learners

(cf. Maree & van der Westhuizen, 2007:42). Co-researchers were informed about the
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nature of the study together with the benefits of the study and were informed about
the right to terminate their participation in the study at any time should they wish to do

SO.

1.10.LAYOUT OF CHAPTERS

Chapter 1: This chapter focused on the introduction, background, problem statement,

research question, aim and objectives of the study.

Chapter 2: This chapter focused on the literature review outlining the theoretical

framework, operational concepts and related literature.

Chapter 3: This chapter presented the research design and methodologies and

explained how the generated data were analysed.

Chapter 4: This chapter is devoted to the data analysis, as well as the presentation

and interpretation of the results towards the strategy to enhance MPCK using PBL.

Chapter 5: In this chapter the conclusions, summary of the findings and

recommendations of the study are presented.

1.11. CONCLUSION

This study was aimed at designing a strategy to enhance the mathematics
pedagogical content knowledge (PCK) of teachers teaching Grade 9 learners using a
problem-based learning (PBL) approach. This chapter presented a brief background
to the study, contextualised the problem statement and discussed the study objectives.
The theoretical framework, study design, methodology and data analysis of the study
have been elucidated briefly, and the layout of the chapters of this report has been

explained.
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CHAPTER 2 : LITERATURE REVIEW ON THE STRATEGY TO
ENHANCE MATHEMATICS TEACHERS’ PCK USING PBL

2.1 INTRODUCTION

This study was aimed at designing a strategy to enhance mathematics pedagogical
content knowledge (PCK) of teachers in the Grade 9 class using a problem-based
learning (PBL) approach. Chapter two presents the theoretical framework and
conceptual discussions guiding the study in order to achieve its aim and objectives.
The historical origin of the theoretical framework was traced. | then looked at the
operational concepts together with related literature in terms of legislative imperatives
and policy directives regarding mathematics PCK and PBL in the South African
context, including one country from the Southern African Development Community
(SADC), Africa and internationally. Due to the scope of the study we could only explore
one country from each of the above-mentioned regions, namely Namibia, Nigeria, and
the United States of America, in order to understand global trends in terms of

challenges facing mathematics teachers.

2.2 THEORETICAL FRAMEWORK

The theoretical framework is a lens through which the world is viewed, including the
assumptions that guide the way of thinking and actions taken by the researchers and
participants Mertens (2010) cited in (Tsotetsi, 2013: 25). The theoretical framework
identifies the researcher’'s world views and thus delineates the assumptions and
preconceptions about the areas being studied (Green, 2014: 35). It further helps the
researcher in ensuring that the research process is coherent and guides the selection
of relevant methodologies to achieve the research aims (Green, 2014: 35). In
developing a strategy, this study used Critical Emancipatory Research (CER) as a
guiding lens and as a perspective through which the strategy to enhance mathematics
PCK using BPL is anchored.
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2.2.1 The origin of critical theory

“CER has its philosophical roots in several traditions, among which Marx’s analysis of
socio-economic conditions and class structures; Habermas’ notion of emancipatory
knowledge, and Freire’s transformative and emancipatory pedagogy” (Nkoane, 2012
99). Critical theory originated from a group of German intellectuals who came together
in the late 1920s with the Frankfurt School (Sumner, 2003: 3; Mahlomahulo,
2009:225). It is rooted in Marxist perspectives, critique and subvert domination in all
its forms (Stinson, Bidwell, Jett, Powell & Thurman, 2007: 620). However, it questions
the assumptions made by Marxism and does not embrace the orthodoxy of Marxism
tradition (McLaren, 1989: 190 & Sumner, 2003: 3). According to Sumner (2003: 4)
“critical theory adopts an overtly critical approach to inquiry”. It disputes the positivist
view of objectively examining the systems of domination and inevitable hopes that it
will bring about awareness of social injustices, motivating self-empowerment and
social transformation (Stinson et al., 2007: 620). Instead, it advances the cultivation of
conscious suspicion and critical attitude at all levels, while, on the other side, it seeks
human emancipation by liberating human beings from the circumstances that enslave
them (Horkheimer, 1982: 244) and change systems that routinely oppress them (Tutak
et al., 2001: 66).

Moreover, Sumner (2003: 5 citing Latter, 1991) argues that critical theory is imbued
with a concept of ‘catalytic validity’. Catalytic validity is the degree to which the
research process focuses participants towards knowing reality in order to transform it,
while channelling its impact so that they ultimately gain self-understanding and self-
determination through research participation (Sumner, 2003:5). Critical theory is
traditionally concerned with the expressive aspects of power relations and to engage
the marginalized so that they can rethink their socio-political role. As viewed by the
literature, ‘power’ is not natural (Hlalele, 2014: 104), but a mutable political mechanism
that could be arranged in other ways (Dworski-Riggs & langhout, 2010 in Hlalele,
2014: 104). As power relations are humanly designed, critical theory therefore creates
an environment to restore the human dignity, brings hope and peace so that the
marginalized and voiceless are able not to only take part in the research proceeding

but to influence the process and its findings towards their context.
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2.2.2 Objectives of CER

CER is a transformative research paradigm where the researcher does not arrogantly
impose his or her knowledge and techniques, but respects and combines his or her
knowledge with the knowledge of the researched while taking them as full partners
and co-researchers that can advance the knowledge gap (Fals Borda, 1995 in Hlalele,
2014: 103). CER promotes social justice and democracy while aiming at enhancing
humanity, social values and equity by showing respect to the participants (Nkoane,
2012: 98). In CER the participants are recognised and valued, and thus treated with
respect as fellow humans by the researcher, unlike in a positivist paradigm where they
are treated as if they are mere impersonal objects in a natural science laboratory
(Mahlomaholo, 2009:225-226). Guided by the CER lens, the strategy intends to create
a dialogic environment whereby mathematics teachers in Grade 9 classes may self-
emancipate in terms of PCK enhancement.

CER facilitates politics to confront social oppression in rural schools, particularly in
Grade 9 mathematics classes and where the researcher has to learn how to put his
knowledge and skills at the disposal of the researched participants, for them to use it
in whatever way they choose (Oliver, 1992: 110). Critical teachers (participants in this
case) must challenge their own well-established ways of thinking that frequently limit
their potential and this could lead to critical consciousness that enables them to
change systems that routinely oppress them (Tutak et al., 2001: 66). The literature
also asserts that “CER advocates peace, hope, equality, team spirit and social justice;
thus, CER is changing people’s hearts and minds, liberating and meeting the needs
of real-life situations” (Tshelane & Tshelane, 2014: 288). This paradigm allows the
researcher and participants or co-researchers to contextualize the challenges and
develop most appropriate components of the solution. Freedman (2006: 88) believes
that the emancipatory practice provides researcher and participants with an

opportunity to engage and negotiate the meaning construction.

On the other hand, critical theory is vehemently against the “naturalist approach that
suggests that the researcher should study the social world in its undisturbed state”
(McCabe & Holmes, 2009: 1522), however, it advocates the view of empowering the
powerless by transforming the existing social inequalities and injustices (McLaren,

1989: 186). In fact, “critical theorists begin with the premise that men and women are
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essentially unfree and inhabit a world rife with contradictions and asymmetries of
power and privilege” (McLaren, 1989: 193). The above argument has a direct
implication towards research in the social world, like in teaching. Mathematics PCK
especially in South Africa has been influenced by the context (apartheid in this case),
as it is believed that society’s historical conditions are created and influenced by the
asymmetries of power and special interests (Alvesson & Skoldberg, 2000 in Sumner,
2003: 4). Power relations can be made the subject of radical change through critical
theory (Sumner, 2003: 4), hence a naturalist approach is not plausible and instead a
critical emancipatory approach is more relevant. It is a fact that the country is at its 215t
birthday of democracy, however, the ideology of apartheid oppression and
marginalisation is still rife in its education system (Mahlomaholo, 2009: 224). McLaren
(1989: 186) argues that the traditional view of teaching and learning as a neutral
process from power and politics can no longer be credibly endorsed as the critical
research has given primacy to the social, political and economic order to better

understand the workings of contemporary schooling.

The inequalities that were created by colonialism of a special kind called apartheid in
the South African society seem to perpetuate social injustice unabated (Nkoane, 2012:
98). On the other hand, there has been a long-standing brain drainage from rural
villages to the cities, while the “rural resources of culture and energy become depleted”
(Hlalele, 2014: 101). Empirical evidence exists that these inequalities manifest even
in the education system as Spaull (2013: 6) argues that readily available data
regarding learner achievement show that there are two different public-school systems
in South Africa. In fact, education is not exonerated from the same fate as other poor
services in rural areas (Hlalele, 2014: 101). The poor and marginalised, who are
predominantly black children, are systematically channelled towards poor education
while white children and few black elites are able to receive better education. For an
example, TIMSS (2011 in Spoull, 2013: 6) show that Grade nine learners in the
Eastern Cape (EC) were 1,8 years’ worth of learning behind Gauteng at an average.
Quiality teaching and learning in rural contexts remain a pipe dream for all levels of the
educational endeavour (Hlalele, 2014: 101). This can be attributed to the kind of
teacher cadre found in the EC, as it logically is true that education cannot be better
than its teachers. A study using CER as a guiding lens is sensitive to “those who were

located in the periphery of society, excluded, relegated, marginalised and oppressed”
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(Nkoane, 2012:100). In essence, the research process in this regard is focused on
transforming both researcher and the participants’ research site to advance
democracy, liberation, equity and social justice (Nkoane, 2012: 100). While the
researcher endeavours to interpret other people’s interpretations and tries to make
sense thereof, the research process is seen as the most humanising experience
(Mahlomaholo, 2009:225).

2.2.3 Justification for the critical theory approach

CER is an appropriate theoretical framework that informs this study. This is attributed
to its emancipatory and transformational agenda, as well as to its objective to engage
the marginalised so that their voices can be heard and respected (Dold and Chapman,
2011 cited in Hlalele, 2014: 104). CER takes cognisance that the researched best
understand their social ills and are best suited to come up with the appropriate
sustainable solutions. In terms of CER, co-researchers “would be left owning the
working strategy” (Tsotesti, 2014: 29). Once the research process had been
completed, it was envisaged that Grade 9 mathematics teachers would continue using
the strategic framework as they had been part of developing it, as CER advances the
agenda of human emancipation regardless of status (Hlalele, 2014: 104). The
teachers’ voices are part of the strategy in the CER’s engaging nature which allows
for a deeper meaning and for multiple perspectives to be considered (Mahlomaholo,
2009: 34). Moreover, Hlalele argues that it enables “participants to identify possible
threats and thus implement measures to evade them [participants] as part of changing
their situation” (2014: 104). Therefore, this justifies my adoption of this paradigm as it
advances social justice and gives hope to the marginalised (Tsotetsi, 2014: 29).

In essence the poor teachers’ MPCK in Eastern Cape as one of the inequalities in
South African education as has been tabled in the previous sections is not a neutral
and apolitical phenomenon, but systematically and socio-politically designed. During
the apartheid era school mathematics produced and maintained white supremacy and
black subordination as they were denied the rights in terms of both access and quality
(Maboya, 2014: 7). CER shines a critical light on the societal settings and reveals the
dominating interests of the “wealthy elite who have succeeded in convincing most
people that those elite interests are also the interests of society at large” and as such,
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all research serves certain class interests, which are seldom clarified (Sumner, 2003:
3). Critical theory as a framework of this study is found more appropriate as it focuses
on the issues of change and transformation that are at the heart of this study (Maboya,
2014: 23). Despite the domination of the poor by the interests of the wealthy elite,
Frankfort School argues that humans can change reality (Sumner, 2003: 3). CER
serves critical-emancipatory interests and also demands researchers to confront the
guestion of whose interests their research serves (Sumner, 2003: 3). The
epistemological position we assume gives respect, dignity and power to the research

participants in shaping the direction of the research process in their context.

2.3 DEFINITION AND DISCUSSIONS OF OPERATIONAL CONCEPTS

The aim of this section is to define and discuss the operational concepts underpinning
this study. Mathematics PCK and the PBL approach will be discussed and
contextualized to Grade 9 mathematics teachers in EC rural schools in order to
develop a strategy to enhance mathematics PCK of Grade 9 teachers using the PBL

approach.

2.3.1 Pedagogical Content Knowledge (PCK)

In defining PCK the literature draws heavily on what Shulman (1986: 7) called ‘the
missing paradigm’ in teacher education as it is defined as the blending of content
knowledge and pedagogy on how to present topics to learners (Shulman, 1987: 8).
This knowledge base is only valid in the province of a teacher during their complex
work in the classroom (Shulman, 1987: 8). PCK is specific to teaching and therefore,
it separates subject teacher from subject expert (Kwong, Joseph; Eric & Khoh, 2007:
28). For instance, Ibeawuchi (2010: 12) argues that “mathematics educators differ
from mathematicians not necessarily in quantity or quality of subject matter
knowledge, but in how that knowledge is organised and used”. However, a
mathematician may not have the capacity to transform their content knowledge into
forms that are pedagogically powerful and yet adaptive to the variations in ability and
learners’ background (Shuman, 1987: 15). On the other side mathematics teachers
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are able to adapt mathematics subject matter knowledge for pedagogical purposes
(Marks, 1990: 7).

There is no universal agreement among researchers in terms of defining PCK, as the
term PCK is widely used while its potential has not been fully realised and lacks clarity
of definition (Hurrel, 2013: 57). However, this study does not intend to give the actual
clarity of PCK definition, instead it intends to enhance the construct of PCK in Grade
9 mathematics educators. Nonetheless, Shulman (1986: 7) defined PCK as “the most
useful forms of representations of those ideas, the most powerful analogies,
illustrations, examples, explanations, and demonstrations — in a word, the most useful
ways of representing and formulating the subject that makes it comprehensible to
others”. However, Peng (2013: 84) argues that PCK is elusive and difficult to define,
while Loughran, Gunstone, Berry, Milroy, and Mulhall (2000 cited in Goodnough &
Hung, 2009: 231) viewed PCK:

‘as a mixture of interacting elements, including views of learning, views of
teaching, understanding of content, understanding of students, knowledge and
practice of children’s conceptions, time, context, views of scientific knowledge,
pedagogical practice, decision-making, reflection, and explicit versus tacit

knowledge of practice, beliefs, or ideas, all of which interact and result in PCK”.

The common elements in researchers’ view about PCK, however, is the ability to
combine content, curriculum, and pedagogy while considering learners’
misconceptions when presenting mathematical content and ideas so that students
may comprehend and develop a deeper insight of mathematics concepts and
procedures. Teachers need to know more than the notion of “this is how you get the
correct answer” in mathematics but transcend to a richer, more complete
understanding of the whys (Mecoli, 2013: 24). For an example, “teachers also need to
understand students’ thought process to help them understand questions such as:
Why (- 3) X (- 5) =157 (Kar, 2017: 7). All these forms of knowledge amalgamated are
components of PCK and therefore PCK could be viewed as the ability of a teacher to
help learners comprehend mathematics content and understand the reasons behind

mathematics procedures.

Regarding teacher education, Shulman (1986: 8) raised the following questions which

are springboards for the PCK components: “Where do teachers’ explanations come
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from? How do teachers decide what to teach, how to represent it, how to question
students about it, and how to deal with problems of misunderstanding?” In an attempt
to enhance PCK, the researcher must answer these questions. Although there is a
plethora of literature regarding PCK containing different definitions of PCK, in
Shulman’s view teachers’ explanations come from the content knowledge. What to
teach is prescribed in the curriculum, how to represent it is drawn from pedagogy, and
capacity to deal with problems of misunderstanding comes from understanding of
common students’ misconceptions. The strategy will focus on enhancing these PCK
components, that is, content knowledge, pedagogical knowledge, understanding of

students’ misconceptions, and curriculum knowledge.

2.3.1.1 Mathematics content knowledge and beliefs
Subject matter knowledge is defined as:

‘the teachers’ knowledge of central facts, concepts, ideas and
principles in mathematics, how they view these as being organised
and relating to each other, and how they are able to make use of this
knowledge in arriving at and evaluating correct claims, representations
and solutions” (Barnes, 2007: 18).

This category of knowledge includes both facts and concepts in a domain, why facts
and concepts are true and how knowledge is generated and structured in the discipline
(Hill; Ball & Schilling, 2004: 13). In the case of mathematics, this type of knowledge
may include how mathematics is viewed, perceived and believed. Beliefs, however,
will be dealt with later in this subsection. Powell and Hanna (2006: 377) assert that to
teach a subject like mathematics effectively necessitates knowledge of mathematics
that is more than knowledge of subject matter per se but subject matter knowledge for
teaching. This suggests that knowing particular mathematical ideas and procedures
like to invert and multiply when dividing by a fraction as mere fact or routine is
insufficient for using those ideas flexibly in diverse classrooms that may not be easy
to anticipate (Ball & Bass, 2003: 28). The teacher should not only understand that
something is so, but why it is so (Ball; Thames & Phelps, 2008: 391).

Over and above PCK, which ties together content knowledge and its pedagogy, also

enunciates that content knowledge for its own sake is not sufficient for effective
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teaching. However, effective teaching does not only require going beyond the ability
to compute correctly and understand the conceptual structure of mathematics, but
being able to teach it to students (Maher & Muir, 2013: 73). It requires specialized
content knowledge (SCK) (Hill, Ball, & Schilling, 2008: 377) that will make subject
matter teachable. Hill et al. (2008: 377-378) claim that SCK helps mathematics
teachers to accurately teach particular tasks by providing explanations for
mathematical ideas, rules and procedures including understanding of ways to examine
mathematics solutions. Moreover, Maher and Muir (2013: 77) cited Ma (1999) who
compared USA and Chinese teachers’ understanding of multiplication algorithm and
found 61% of USA teachers and 8% of Chinese teachers were not able to provide
authentic conceptual explanations for the procedure. These teachers lacked what Ma
(1999) called profound understanding of fundamental mathematics (PUFM) which is
defined as deep, vast, and thorough knowledge of concepts and their interconnections
(Ma, 1999: 120).

Contrary to PUFM, Davis and Renert (2013, 247) argue that mathematics knowledge
needed by teachers is not clear-cut and they framed it “in terms of a learnable
participatory disposition within an evolving knowledge domain”. They then developed
a notion of ‘profound understanding of emergent mathematics’ from Ma’s construct
that is PUFM. Their view was that mathematics knowledge for teaching is a
“sophisticated and largely inactive mix of familiarity with various realizations of
mathematical concepts and awareness of the complex processes through which
mathematics is produced” (Davis & Renert, 2013: 247). The notion of profound
understanding of emergent mathematics emphasised the issue of knowledge
production by those who are engaged in the process of teaching and learning. They
argue, for example, that experts are unable to explain their choices of interpretations,
examples and analogies, but simply adapt their actions appropriately to the
encountered circumstances (Davis & Renert, 2013: 247). It is also reported that the
research was undertaken with teachers rather than on teachers (Davis and Renert,
2013:247). In this case teachers are not regarded as subjects for research but they
participated as co-researchers. On the other side, the narrative of emergent
mathematics resonates with Hurrel’s (2013: 55) view that characterises PCK as a
contextualised practical knowledge of teaching and learning of a particular classroom
setting. Mathematics teaching for learners whose dominant language is different from
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the language of instruction, for an example, could be a complex task for teachers as
they have to adapt to the context (Jacob & McConney, 2013: 95).

The value of mathematics content knowledge in teaching mathematics cannot be
overemphasised. Ball, Lubienski and Mewborn (2001: 445) present an analytical result
of the work of Ball (1988) that studies teachers’ knowledge of multiplication of multi-
digit numbers, focusing on the performance of the algorithm to probe teachers’
understanding of place value. Nineteen prospective elementary and secondary
teachers were interviewed. They were asked how they would help their students if

they presented their work in the following manner when multiplying 123 by 445:

1845

It is common for people to know the shortcut (algorithm) without learning the
conceptual foundation of the procedure. In demonstrating challenges regarding poor
conceptual knowledge, teachers tried to explain the algorithm, using language such
as “lining up correctly or moving the numbers over” (Ball et a, 2001: 445) without a
clear explanation and understanding of the role of the place value in multiplication.
Knowing mathematics content for teaching requires more than knowing its facts and
concepts like place value but an understanding of its principles, structures and the
established rules of what is legitimate to do and say in a subject (Ball, Hoover &
Phelps, 2008: 391). It is believed that a lack of sound knowledge of mathematics
affects the instructional practice. In extreme cases, if the teacher has nothing in terms
of content knowledge, then the teacher has nothing to teach (McNamara, 1994: 231).
Clearly, one cannot teach what one does not know (Maher & Muir, 2013: 74). Inter
alia, teachers must have sound knowledge of what they wish to teach, including
presentation skills and techniques to make such knowledge comprehensible to
learners (McNamara, 1994: 230).
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While the literature advances that teachers need to deeply understand the
mathematical ideas that are central to the grade they want to teach (Kar, 2017: 7),
such knowledge base also encompasses teachers’ beliefs about mathematics
including their orientation towards the subject matter and perceptions of mathematics
learning and teaching (Barnes, 2007: 18; Hauk, Toney, Jackson, Nair & Tsay, 2014:
19). Daniels, a teacher that participated in the study conducted by Borko, Eisenhart,
Brown, Underhill, Jones and Agard (1992: 216) nonetheless was unable to provide a
correct representation for division of fractions or to explain why the invert-and-multiply
algorithm works. Her belief about mathematics teaching was that teaching
mathematics is about just following rules and procedures without asking why. This is
what Skemp (1978:9) called ‘instrumental understanding’ where one just follows
mathematical rules without reasoning. However, in terms of ‘relational understanding’
teachers cannot have just the procedural knowledge of the appropriate grade level
mathematics, but also must have mastered underlying principles of mathematical
ideas (Skemp, 1978:9). “They need to know how to represent and connect
mathematical ideas so that students may comprehend them and appreciate the power,
and diversity of these ideas” (Kar, 2017: 7).

Moreover, what the teachers do in their classrooms, what they view to be important
and peripheral in mathematics teaching and learning is influenced by their beliefs of
what mathematics teaching and learning is all about, as Ernest (1989: 253) articulates
that “mathematics teachers’ beliefs have a powerful impact on the practice of
teaching”. This involves what a teacher considers to be desirable goals of a
mathematics programme, her own role in teaching, what the students should do in the
classroom, legitimate mathematical procedures and desirable instructional
approaches. The research community echoes each other on the debate that teachers’
beliefs, “regardless of whether they are consciously or unconsciously held, play a
significant, albeit subtle role in shaping the teachers’ characteristic patterns of
instructional behaviour” (Thompson, 1984:124). The beliefs held by teachers
“‘influence their perception and judgements, which, in turn, determine their behaviour
in the classroom” (Philippou and Christou, 1998: 190). It could be arguable whether to
first change the teachers’ beliefs in order to change the teaching practice or the other
way around. Nonetheless, whichever way one might choose, it is clear that teachers
are likely to reject any teaching practice which is in conflict with their beliefs. This
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suggests that changing the teaching practice without challenging teachers’ beliefs is

likely to be an unsuccessful endeavour.

2.3.1.2 Knowledge of mathematics pedagogy

Pedagogical knowledge is the second kind of PCK that goes beyond the knowledge
of the subject matter per se (Shulman,1986: 9). It is also posited that teachers need
to “realize that knowing a mathematical answer and knowing how to teach for student
understanding are different” (Mecoli, 2013: 25). This particular form of content
knowledge embodies the aspects of content most germane to its teachability
(Shulman, 1986: 9). Shulman’s construct, that is, PCK, revolves around the
understanding and the transformation of subject matter knowledge for teaching
purposes (Peng, 2013: 86). The purpose for this component of PCK is to demystify
mathematics concepts such as 5° = 1. For learners to understand this, teachers need
more than explaining the exponential rules and procedures, but the most powerful
analogies, illustrations, examples, explanations and demonstrations (Shulman, 1987:
9). In essence, teachers cannot help children learn things they themselves do not
understand (Ball, 1991: 6). It is further argued that the pedagogical instruction that
views mathematics as a set of meaningless arbitrary rules does not help student
develop a deeper insight of mathematics (Skemp, 1978: 9). Contrary, knowledge of
instructional strategies constitutes knowledge of strategies employed for teaching the
subject, not only rules and procedures without explaining why (ljeh & Onwu, 2013:
364).

Pedagogical knowledge involves knowledge of teaching methods and strategies used
in the classroom, including understanding how students learn when planning an
instruction (Aksu, Metin & Konyal, 2014: 1366). It is common knowledge in the
teaching fraternity that pedagogical knowledge involves classroom management,
preparation, assessment of learners’ work and more. This knowledge base is what
Shulman (1987:8) referred to as broad principles and strategies that appear to
transcend subject matter. It is the ability to teach the mathematics content effectively
that “goes beyond knowing a body of content that is common to all mathematicians”
(Holmes, 2012: 65). Teachers need to have in-depth knowledge regarding the
application of teaching and learning methods (Aksu et al., 2014: 1366). However, the
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value of PCK is more evident in teaching mathematics when teachers show some
shaky background in this regard. Ball (1991: 8) interviewed prospective teachers on
how they would respond to a student when asked what is seven divided by zero.
Laura’s answer (a teacher in Ball’s work) reveals that she understands division by zero
in terms of a rule. “She thinks of it as something one must remember, not something
one can reason about” (Ball, 1991: 7). Her answer starts with an argument that zero
is such a stupid number. One would wonder what would be likely to happen in her
classroom, when students have to learn to understand ‘stupid’ numbers, or stupid
mathematics. Laura further admits that she does not know how to explain, but she
would tell the students that, “that’s just the way it is, it's just one of those rules, like in

English - sometimes the C sounds like K - you just have to learn it” (Ball, 1991: 7).

Due to teachers’ lack of mathematics PCK, students have to memorize mnemonic
devices or rules in order to solve mathematics exercises. For example, “students are
still told to invert and multiply to divide fractions and to use ‘My Dear Aunt Sally’
(MDAS) to remember to multiply and divide before adding and subtracting in an
expression” (Ball, Lubienski & Mewborn, 2001: 435). Nonetheless, teachers need to
have a wide repertoire of ways of representing mathematical ideas that students can
engage with, not only arbitrary algorithms (Jacob & McConney, 2013: 98). Apparently,
this kind of teaching (the use of arbitrary algorithms) may be adopted due to lack of
PCK, and the implications of the above debate is that even though teachers might be
able to solve mathematics problems, they may not automatically be an expert in

helping learners comprehend mathematics’ concepts.

In the above-mentioned situation learners undoubtedly are going to have some
mathematics misconceptions. This study is not trying to argue that educators should
not use algorithms when they teach; however, the emphasis is on the need to explain
the mathematical concepts underpinning them. Teachers, therefore, are expected to
understand the conceptual advantages, relative strengths and weaknesses of
particular representations (ljeh & Onwu, 2013: 36). In order for a teacher to make a
well-considered and comprehensible lesson presentation, it is crucial to “know the
learners’ conceptions about a particular topic, and also the possible difficulties they
will experience during the teaching and learning of the topic” (ljeh & Onwu, 2013: 366).

K
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2.3.1.3 Knowledge of students’ understanding and learners’ mathematics

misconceptions

Knowledge of students’ understanding entails teachers’ knowledge about students’
understanding of a particular subject including their preconceptions and
misconceptions of particular topics (Peng, 2014: 88; Hauk, Toney, Jackson, Nair &
Tsay, 2014: 26). Teachers should not only know the subject matter, but should be able
to understand it from the learner’s perspective (Moseley, 2000 in van der Sandt &
Nieuwoudt, 2003: 199). This teachers’ ability to understand learners’ misconceptions
in a mathematics class is a valuable component of PCK which separates a
mathematician from a mathematics teacher. On the other hand, understanding and
expressing oneself in the language of learners, using the concepts they use is viewed
as ‘cognitive congruence’ (Hung, Jonassen & Liu, 2008: 494). The understanding of
this component of PCK that includes knowledge of how learners think - particularly
about specific mathematics content - helps the teacher to identify learners’

misconceptions and correct them (van der Sandt, 2007: 344).

A deeper insight of learners’ common misconceptions in a particular topic helps the
teachers to think on their feet in terms of how to correct them and helps learners
develop a deeper insight regarding the concept taught. The teacher’s explanation for
learners should go beyond a definition of accepted truth or falsehood, but he/she must
be able to explain why (Shulman, 1986:9; Skemp, 1976: 21). Baker and Chick (2006:
62) raised the following question from a teacher in their study regarding a subtraction
item: “You notice a student working on this subtraction problem: What would you do

to help this student?”

(438- 172 = 346) 35

=172

346

This question was intended to establish the teacher’s understanding of the learner’s
thinking in this regard without just giving the correct answer. The teacher should be in
the learner’s shoes (cognitive congruence) and understand what went wrong from the
learner’s point of view and then adapt teaching materials and pedagogy accordingly
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to help learners with particular misconceptions (Hung, Jonassen & Liu, 2008: 494,
Peng, 2014: 88). On the other side, this kind of knowledge is viewed as ‘anticipatory
thinking’ (Hauk et al., 2014: 26) which is a way of thinking about how learners may
engage with content, processes, and concepts. This includes the awareness of
responsiveness to students. Anticipatory thinking could help teachers to select

appropriate curriculum materials that would mitigate against learners’ misconceptions.

2.3.1.4 Mathematics curriculum knowledge

The curriculum is constituted by programmes designed for the teaching of particular
subjects in a particular class or level including instructional materials available in
relation to those programmes and topics (Shulman, 1986: 10). Curriculum knowledge
is what Shulman called ‘tools of the trade’ (1987: 8). It is a tool box with materials,
where the teachers draw from when planning to teach a particular mathematics topic.
This includes, but is not limited to, texts, teaching resources, teaching aids, prescribed
examinations, tests and schemes to teach mathematics (Tunner-Bisset, 2001 cited in
van der Sandt, 2007: 345). Moreover, PCK components, including curriculum
knowledge, are inextricably linked to each other as the teacher needs to have to think
and know about the learners, the content she wishes to teach and the pedagogical
approach to use as she draws from the tool box. In short, curriculum knowledge is
viewed as the ability of “making judgments about the mathematical quality of
instructional materials and modifying as necessary” (Holmes, 2012: 67).
Consequently, teachers with sound curriculum knowledge carefully select, adapt and
manipulate curricula appropriately to meet the needs of the individual students
(Holmes 2012: 64; Ball & Cohen, 1996: 6). Their choice of curriculum material,
however, is influenced by their beliefs about what is important, and their ideas about
students (Ball & Cohen, 1996: 6).

Shulman (1986: 10) divides curriculum knowledge into two categories, that is, lateral
and vertical curriculum knowledge. The former is viewed as being familiar with
curriculum material that is studied by students even in other subjects in the same grade
and at the same time, while the latter involves understanding of topics that have been
and will be taught in the subject area during the preceding and later years respectively
(Shulman, 1986: 10). On the other side, Hauk et al. (2014: 26) argue that vertical
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knowledge includes the understanding of the connective relationship of pre-requisite
topics and potential future topics. They further claimed that “curricular thinking is ways
of thinking about (strategies, approaches to) mathematical topics, procedures, and
concepts as well as the relationships among them” (Hauk et al., 2014: 26). Curriculum
knowledge is inextricably linked to other components of the PCK. It is not just the
topics done in a particular grade, but clear linkage of learners, content and teaching
strategies as the teacher selects what to be taught in a particular lesson from the ‘tool
box’. Putting it differently, the researchers further introduced a phenomenon called
‘horizon knowledge’ regarding curriculum knowledge (Ball, Thames & Phelps, 2008:
403; Hurrel, 2013: 58). Horizon knowledge is viewed as the capacity to make
connections across related mathematical topics over the curriculum span and
“articulate how the mathematics you teach fits into the mathematics which comes later”
(Hurrel, 2013: 58). This kind of knowledge helps the teacher in planning mathematics
lessons with an understanding of what have been taught to learners and building a

foundation of concepts that would come later.

2.3.2 Problem-based Learning (PBL)

Earlier it has been alluded that this study had assumed CER as theoretical framework
that would guide the development of a strategy to enhance MPCK using a PBL
approach. In this section PBL as an operational concept is traced by presenting its
historical background, origin, definition and effectiveness at a multidisciplinary level
and in mathematics education in particular with the focus on PCK.

PBL is seen as a learner-centred instructional method that utilizes real problems as
primary pathway for learning and enhances students’ ability to analyse ill-structured
problems to strive for a meaningful solution (Ramsay & Sorrel, 2006:2). Savery (2006:
9) defined it as “an instructional (and curricular) learner-centred approach that
empowers learners to conduct research, integrate theory and practice, and apply
knowledge and skills to develop a viable solution to a defined problem”. The above
researchers resonate on the notion that PBL is an instructional approach. Their
argument regarding PBL involved encouragement of active learning through use of

scenarios to engage students in the learning process (Savin-Baden & Major, 2004: 1),
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and therefore is viewed as a pedagogical approach based on problems (Rui, Rong-
Zheng, Hong-Yu, Jing, Xue-Hong & Chuan, 2015: 223).

Other PBL proponents, however, understood it as a general educational strategy or
even as a philosophy rather than merely a teaching approach (Savin-Baden & Major,
2004: 5). In teacher development “PBL provides a constructivist referent” that is
grounded in a constructivist learning theory (Goodnough, 2006:302; Mcconnell, Parker
& Eberhardt, 2013: 221). A philosophical assumption of PBL is that learning occurs
when we solve many problems that we face every day (Hung, Jonassen & Liu, 2008:
488). It represents a paradigm shift from traditional teaching and learning philosophy,
which is more often lecture-based to an active, self-directed learning style and a
constructivist approach supported by teacher scaffolding (James, Khaja & Sequeira,
2015: 316). In essence, it is a constructivist philosophy as learners actively construct
their knowledge (Canturk-Gunhan, Bukova-Guzel & Ozgur, 2012: 148) in the process
of trying to solve ill-structured contextual problems. The above argument makes PBL
more than just a pedagogical approach but a philosophy of learning where a small
group of learners work collaboratively to solve a real-life problem or a scenario. This
shifts from the learning view that treats students as tabula rasa to a view that takes
cognisance of students’ prior knowledge. Seemingly, PBL works as a general
educational philosophy in an educational institution where the educational objectives,
teaching, learning, and assessment methods including the organizational culture are
restructured as a whole in accordance with the value of PBL (Li, 2013: 179).

It is further argued that PBL comprises curricula organised around problems rather
than disciplines (Savin-Baden & Major, 2004: 6). Barrows (1996: 8) also attests that
“the curricular linchpin in PBL ... is the collection of problems in any given course or
curriculum with each problem designed to stimulate student learning in areas relevant
to the curriculum”. Hillman (2003: 20) cites Fogarty (1997) who defines PBL as a
curriculum model designed around real-life problems that are ill structured and open
ended. Moreover, “essential characteristics of PBL comprised curricula organisation
around problems rather than disciplines, an integrated curriculum and an emphasis on
cognitive skills” (Savin-Baden & Major, 2004: 6). Subjects and courses are designed
as a collection of problems that are used as the motive and chief focus of the learning
activity (Hillman, 2003: 2). It is then assumed that while students endeavour to solve

these problems, they develop skills and concepts of the field of study and these
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problems or predicaments are grounded in a specialist model, rather than on formal
wisdom from professionals (Hillman, 2003: 2). Students do not necessarily depend on
the teacher to deliver the content, but focus on a self-directed learning in their quest
for a solution using skills and prior knowledge acquired from multiple disciplines. In
PBL, the curriculum is organised and designed around carefully crafted problematic
situations adapted from real-world issues (Aldred, Ttimms & Meredith, 2007, 230). It
is further argued that learners develop critical thinking, problem-solving, and
collaborative skills “as they identify problems, formulate hypotheses, conduct data
searches, perform experiments, formulate solutions, and determine the ’best fit' of
solutions to the conditions of the problem” (IMSA, 2001 in Aldred, et al., 2007: 230).

Despite the different views about PBL, there are common features that encapsulate
PBL, namely learner centredness, an active process of knowledge construction,
collaborative and self-directed learning. In line with these attributes, Barrow’s (1996:
5) description of PBL highlights the following features, namely learner-centredness,
learning takes place in small groups, teacher’s role becomes a facilitator, stimulus for
learning is organised around problems and problems are a vehicle for developing
problem solving skills. On the other hand, Hmelo-Silver (2004: 237) presented the PBL

cycle as depicted in Figure 2.1 below.
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Figure 2.1: The problem-based learning cycle (Hmelo-Silver, 2004: 237)

In the PBL approach, learning begins with a problem to be solved as learners are first
given a problem scenario as illustrated in Figure 2.1. Tutorial processes begin with the
problem presentation and ends with student reflection (Hmelo-Silver, 2004: 242).
Learners are expected to formulate and analyse the problem through identification of
relevant facts or information in the scenario in order to generate hypotheses about
possible solutions. In the process the teacher assists learners by posing questions
(Barrows, 1986: 5) so that learners could identify the knowledge deficiencies, which
encourage learners to search for new information. When learners are engaged at this
stage of PBL, it is argued that that they are engaged in a self-directed learning after
which they would test the newly researched information against the earlier generated
hypothesis. The learning process takes place as learners work with problems while
they develop skills and understanding of concepts (Sulaiman et al., 2004: 58).

2.3.2.1 Historical background of PBL

PBL “was introduced in medical education as an alternative to traditional instruction,
because graduates were found to have knowledge but lacked the required problem-
solving skills to utilise this knowledge” (Batdi, 2014: 347). Barrows, who was a
professor of neurology, proposed PBL as an alternative to traditional instruction that
led to it being adopted for the first time by the McMaster University in Canada and

subsequently it gained popularity in the USA and Europe (Rui et al., 2015: 223). The
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literature also acknowledged the work of Don Woods in coining PBL while working
with chemistry students in McMaster's University in Canada (Dirckinck-Holmfeld,
2009: 4). As this approach brought radical changes to the medical curriculum it implied
that learning should focus on the problem, which was the patient and her complaints
(Dirckinck-Holmfeld, 2009: 4). It was assumed that, while learners were engaged in
analysing the problem, which would be a patient problem in the case of medical
students, they would formulate questions, learning goals and learn in the process of

solving the problem at hand.

Other universities inspired by the success of the McMaster medical curriculum
followed PBL, for example the establishment of Aalborg University as centre for PBL
in Denmark (Dirckinck-Holmfeld, 2009: 4). The adoption of PBL had expanded into
elementary schools, middle schools, high schools, universities, and professional
schools (Savery, 2006: 11). It is reported that lllinois Mathematics and Science
Academy (IMSA) was leading the way; as a result, “middle and elementary schools
soon joined the ranks of those implementing PBL” (Inman, 2011: 44-45). Moreover,
PBL has gained prominence in a wide variety of disciplines including mathematics in
particular (Erickson, 1999: 518). The literature further claimed that PBL had spread to
numerous other fields of education although it has not been used extensively thus far
in teacher education (Schmude, Serow & Tobias, 2011: 678). Based on the claimed
success of PBL, this study relatively assumed that Grade 9 mathematics teachers’

PCK could be also enhanced by using PBL.

2.3.2.2 PBL characteristics and conditions of implementation

PBL as an explicit approach to learning (Goodnough, 2006: 303) is in contrast with the
notion where concepts are first presented in the lecture format, then followed by
problems (Sulaiman, Atan, Idrus & Dzakiria, 2004: 58). As an alternative PBL rejected
the learning of content and skills in a hierarchical list of topics (Hung, 2013: 31).
Instead it advocated active learning, encouraged mutual exploration and academic
debate (Rui et al., 2015: 223). According to Sulaiman et al. (2004: 58) “the problem
thus served as the organising centre and the stimulus for learning and represented the
vehicle that developed students’ creative and high-order thinking skills”. From this

approach the concepts, procedures and skills would be learned as learners try to
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untangle the problem. According to Sulaiman et al. (2004: 58), problems and scenarios
mirrored real-world issues. Over and above, Barrows’ (1996: 5) description of PBL
tabled the following list of PBL characteristics, that is, learner-centeredness, teacher’s

role becomes a facilitator, and learning takes place in small groups.

2.3.2.2.1 Learner-centredness

Contrary to the learning of content and skills in a hierarchical list of topics (Hung, 2013:
31) the learners in PBL are presented with a problem under the guidance of facilitator.
Learners must take responsibility for their own learning, by identifying what they need
to know to better understand and manage the problem on which they are working
(Barrows, 1986: 5). This includes, but is not limited to determining where they will get
that information, for example, it may be from books, journals, faculty, on-line
information resources, and so forth (Barrows, 1986: 5). The skills, concepts,
procedures and abstraction are developed as learners untangle the given problem
scenario. In essence, PBL in this regard is about what the learners can do as it
orientates learners towards meaning construction over fact collection (Rhem, 1998:
1). Students within a PBL context direct the learning process and have a right to design
learning objectives, select learning materials, and choose learning activities that are

coined as high learning autonomy (Li & Du, 2015: 20).

PBL as a learner-centred approach “empowers learners to conduct research, integrate
theory and practice, and apply knowledge and skills to develop a viable solution to a
defined problem” (Savery 2006: 12). In the process and on completion of each
problem, learners as engaged problem solvers, reflect on abstract knowledge that they
have gained (Tamabara, 2015: 83). The knowledge gained from this experience or at
the completion of the problem will then be applied in a new but similar situation. In
general, learner-centred learning allows more learning autonomy to learners (Li & Du,
2015:18-19). However, the students’ autonomy has an impact of the role of an
educator in a PBL environment. It well is put by Li and Du (2015: 21) that:

“However, Teachers’ attitudes towards student learning autonomy are
highly influenced by their perceptions of their role. A teacher who

positions himself as a traditional instructor tends to reduce student
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learning autonomy, while a teacher who sees himself as a facilitator is

more willing to grant students more freedom to learn on their own”.

2.3.2.2.2 Teacher’s role becomes a facilitator

As it has been discussed earlier that PBL is a learner-centred approach (Li & Du,
2015:18), its posture creates an irreconcilable tension between the learners’ autonomy
and the educators’ traditional role of imparting knowledge. To reduce this tension the
teacher’s role changes from traditional instructors to facilitators. “Within the context of
PBL, teachers are not instructors; rather, they are expected to become facilitators to
offer a supportive learning atmosphere and scaffold students’ learning process” (Li &
Du, 2015: 20). In a PBL environment, the teacher is viewed as a master learner, who
is able to model good learning and thinking strategies, rather than a master of the
content itself (Tambara, 2015: 100). According to Hmelo-Silver (2004: 245), the
facilitator’s role is to move the learners through the various stages of PBL and to
monitor the group process. While on the other hand, it is theorized that the facilitator
role “is better understood in terms of metacognitive communication” (Barrows, 1996).
In the process the facilitator asks probing questions that they should be asking

themselves to better understand the problem.

Moreover, the facilitator takes cognisance of Vygotsky’s (1978:86) zone of proximal
development (ZPD) when developing the scaffolds for students that are unfamiliar with
PBL approach. ZPD is “the difference between what a learner can do without help and
what a learner can do with help” (Vygotsky, 1978: 86). As articulated by Hmelo-Silver
(2007: 100), scaffolding is a key element of cognitive apprenticeship, whereby
students become increasingly better problem-solvers in a PBL environment. In line
with this notion, learners are presented with opportunities to engage in complex tasks
that would otherwise (without the ‘scaffolds’) be beyond their current abilities.
However, it is emphasised that the facilitators’ scaffolding role needs to progressively
fade as the learners become more experienced with PBL (Hmelo-Silver, 2004: 244).
At this stage the facilitator is expected to abandon direct instructions for learners to
“‘assume greater responsibility for their own learning than they would otherwise do”
(Tambara, 2015: 101). The facilitator needs to adopt the role of a resource providing

aid, and a group mentor in a PBL context. The PBL teacher raises propping questions
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that would spark a debate and “inspire the learners to be involved in discussion,

instead of directing learners in how to solve problems” (Tamabara, 2015: 102).

2.3.2.2.3 Learning takes place in small groups

PBL groups are made up of five to eight or nine students (Barrows, 1996: 5). The
group members should be altered at the end of each curricular unit to form new groups
in order to give them practice in working with a variety of people (Barrows, 1996: 5).
Researchers claim that “PBL places students in small collaborative groups as a means
of confronting them with alternative views of prior knowledge as well as with different
problem-solving methods” (O’'Shea, Verzat, Raucent, Ducarme, Bouvy & Herman,
2013: 96). Learners in small dialogue groups choose issues of mutual interest from a
selection of material provided and then identify the underlying problem it evokes
(Murray-Harvey, Pourshafie & Reyes, 2013: 115). This process allows learners to be
able to take risks trying new tactics of solving the problem at hand and raise questions
with their peers without fear of being judged. This arrangement is contrary to a situation
where the mathematics teacher is at the centre in determining the correct or wrong
answer or solution. The following summary presented by Armitage (2013: 9) depicts

the safe learning environment in small groups:

“First, it invites students to dialogue in an open, safe environment with each
other, an important aspect at the beginning of a programme of study.
Second, it shows students there is ‘no right answer’, but rather a need to
justify themselves in the gaze of their peers. This also provides an
opportunity for students to become reflective and critical thinkers and
illustrates that the ownership of opinions and knowledge is not solely the

‘gift of the teacher’ or of textbooks”.

On the other hand, real-world problems also act as stimulus that drives student
learning and are a defining feature of PBL that takes place in small collaborative
groups (Murray-Harvey et al., 2013: 114). A specific principle that underpins how PBL
works is collaborative learning within the small groups (Murray-Harvey et al., 2013:
115). Itis not disputed that group dynamics in terms of PBL implementation are central
components to the creation of knowledge, however, feedback and reflection on the

learning process are essential aspects of PBL (Armitage, 2013: 1). After completion
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of each problem, it is imperative that the new skills, concepts and procedures learned
from the small groups should be consolidated and crystallised through a debriefing

process.

2.3.3 PBL towards mathematics PCK

PBL has been discussed earlier particularly with regard to medical schools where it
originated. This subsection is focused on PBL in relation to mathematics PCK. The
debate about the spread of PBL to other disciplines has been advanced. The literature
has supported the argument that PBL has shown success as compared to traditional
methods of teaching, for example, the study conducted by Rui et al. (2015: 226-227)
indicated the superiority of PBL over traditional methods, and as a result PBL students
displayed professional competence and fared better in their professional role after
completing PBL training. PBL also showed tremendous success in mathematics
teaching. The work of Christine, Trinter, Tonya, Moon and Catherine (2015: 45) found
evidence that mathematics learners exposed to PBL curricula showed characteristics
of mathematical promise. The findings of Christine et al. (2015; 45-46) also suggest
that students belonging to traditionally underrepresented groups (such as low socio-
economic status) in the area of mathematics may demonstrate characteristics of

mathematical promise when given appropriate learning opportunities.

“‘Mathematically promising students are defined as those who have the potential to
become the leaders and problem solvers of the future” (Sheffield, 2003: 3). It is further
argued that learners that are mathematically promising or talented often display a
mathematical frame of mind; they are able to think logically and construct
generalizations, and they exhibit mathematical creativity, curiosity, and perseverance
(Sheffield, 2003: 4). The debate that is advanced by PBL proponents is that all
mathematics learners that are engaged in the PBL approach display the
characteristics of ‘mathematically promising students’, irrespective of their background
(Christine et al., 2015: 45-46). We want to argue that student teachers or in-service
mathematics teachers also are learners in their own right when they are taught
mathematics concepts. As earlier surmised, mathematics content knowledge, which
includes concepts, is but one component of PCK. The implication of Sheffield’s study

(2003: 3) is that the teachers’ content knowledge (which is a PCK component) could
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be enhanced when educators are engaged in the PBL approach when they are
developed.

Some studies had a particular focus on using PBL to develop teachers’ MPCK. The
study conducted by Schmude et al. (2011: 682) focused on a number of PCK
components such as student knowledge and pedagogical knowledge. Apparently,
student teachers in Schmude’s study valued “the actual goals of the scenarios, such
as analysing the mathematical work of the student’. They engaged in exploring
strategies and ideas that could help develop the students’ understanding of
mathematics (Schmude et al., 2011: 682). In essence, the MPCK of the teachers in
the study mentioned (Schmude et al.) was enhanced, particularly their understanding
of learners’ conceptions and misconceptions, while they also explored some
pedagogical strategies to help learners improve their comprehension. For example, in
the study conducted by Schmude et al. (2011: 682) this what the teacher had to say
as she was sharing her experience after having been part of a course that used the

PBL approach:

“l valued how to improve students’ learning by being able to recognise
where the students are having difficulties and as a teacher, what steps
to take to help the students succeed. By using real-life problems and
seeing them occur, it makes it much easier to understand and learn how
to fix the problems rather than just being taught about different

approaches”.

Generally, teachers’ MPCK demonstrate some improvement after they have been
engaged in teacher development programmes using PBL, although in some cases,
such as the study that was conducted by Martin et al. (2013:8), the results did not
show any statistical significance; nonetheless, there were promising indicators that
applying the PBL instructional method in a mathematics education course appeared
to increase MPCK. A few studies were conducted regarding the enhancement of
MPCK by using PBL, particularly in rural schools, but it seems that there is little
research that has explored how the adoption of PBL impacts the development of
academic staff’'s pedagogical knowledge (Goodnough, 2006: 303). “In a few studies
focusing primarily on teachers’ use of PBL in their own classrooms, teachers reported
changes in their enthusiasm for teaching, critical thinking skills, and classroom
practices” (Weizman, Covitt, Koehler, Lundeberg & Oslund, 2008: 31-32).
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Consequently, this study focuses on formulating components of the strategy to
respond to challenges facing Grade 9 mathematics teachers regarding PCK using
PBL.

Nonetheless, there is a reported success in the implementation of PBL in mathematics
teaching as the research indicated the increase of problem-solving, decision-making,
modelling, and reasoning-process skills for learners who learn from teachers using
this approach (Erickson, 1999: 520). This study intends to expand the research work
to cover the use of PBL to enhance MPCK. Moreover, studies such as those of
Brenner et al. (1997), Kieran (1993) and O'Callaghan (1998) cited in Erickson (1999:
520) claimed that in classrooms where PBL was used as a teaching approach, it
enhanced conceptual understanding of specific mathematics content such as multiple
representations for learning functions and increased levels of solving geometry
problems. Although mathematics conceptual understanding is regarded as a PCK
component, the study conducted by Erickson was not focused on enhancing PCK per
se; for example, at times it compared the performances of students in classes using a
PBL curriculum with students in traditional classes and found that students using the
PBL outperformed students using traditional approaches. Drawing from this narrative,

it is assumed that using PBL could also enhance MPCK.

2.4 RELATED LITERATURE

Earlier it has been declared that the aim of this study was to design a strategy to
enhance the MPCK of teachers in Grade 9 using PBL approach. In order to achieve
the aim of this study the related literature is traced in terms of good practice regarding
MPCK and PBL in mathematics teaching across the globe. Secondly, this section
relates literature reviewed to gain an understanding of challenges, to anticipate threats
and to find ways to circumvent them. Finally, conditions favouring the implementation
of the strategy to enhance MPCK of teachers, and indicators of success in the
implementation are drawn from good practice to guide empirical evidence regarding
the success of the strategy. Specifically, this section starts by discussing literature

regarding challenges facing mathematics teachers.

Spaul (2013:17) paints a very bleak picture, which displays the incompetence of South
African Grade nine learners that were compared with Grade eight learners from 21
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other middle-income countries in mathematics. Grade nine mathematics learners were
two years’ worth of learning behind the average Grade eight pupil (Spaul, 2013:17).
Linking learner performance to quality of teaching, the literature also claims that poor
subject knowledge, poor mathematics teaching and learning are serious problems in
South African education (Diko & Feza, 2014: 1457). In view of this poor state of affairs,
the study specifically identified challenges regarding the following constructs: the need
for a coordinated team to enhance MPCK using PBL, knowledge of learners,
curriculum knowledge, content knowledge, and pedagogical knowledge. Other than
the need for a coordinated team to enhance MPCK using PBL, the components of
PCK are subdivided into subtitles that emerged in an attempt to unearth the broad
construct of MPCK.

2.4.1 The need for a coordinated team to enhance MPCK using PBL

In this subsection, the focus is on the experiences regarding the effectiveness of
coordinated teams in enhancing MPCK using PBL. The related literature in this regard
is traced from the South African (SA) context, Southern African Development
Community (SADC) context, African context and International context in order to place
our debate within the scholarly discourse.

2.4.1.1 The need for a coordinated team to enhance MPCK using PBL in the

SA context

Mahlomaholo (2013: 67) shed light on SA higher education policies, arguing that these
policies seem to embrace the principles of PBL, although “there was no explicit
intention of applying the PBL approach per se in their formulation”. Critical cross-field
outcomes stipulate that institutions for learning should produce learners who can
identify and solve problems using critical thinking while “working effectively with others
as member of a team, group, organisation, community” (Bender; Daniels; Lazarus;
Naude & Sattar, 2006: 40). Moreover, the curriculum and assessment policy statement
(CAPS) also aims at producing individuals that can work effectively with others as
members of a team (DBE, 2011: 5). In the same vein policy directives assert that

teachers as learning mediators should use problem-based tasks as teaching strategy
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and encourage group work (Brunton, 2003: A-49). While practitioners work with others
in team-teaching create a democratic classroom with an atmosphere which is sensitive
to culture, race and gender differences, as well as to disabilities (Brunton, 2003: A-
52). Personnel Administration Measures (PAM) also encourage co-operation and
collaboration of teachers in order to maintain good teaching standards (DBE: 2016: A-
19).

In emphasising the collaborative work of a team, the Aalborg model of PBL includes
group work and collaboration (Askehave et al., 2015: 3). “Student groups also engage
in close cooperation with their supervisor(s) and with external partners, e.g.
businesses or other project groups” (Askehave et al., 2015: 5). Evidently, the
emphasis in PBL is on peer learning - members of the team have to collaborate with
team mates to design solutions to the problems (Han & Teng, 2005: 3). As team
members share knowledge they also “organize for themselves the process of
collaborative learning” (Kolmos, Graaff & Du, 2009: 11-12). The research conducted
by Han and Teng (2005: 3) illustrated that 75% of learners reported that working in a
team had helped them in mathematics and that they had been able to contribute their
ideas in their teams. According to Kolmos et al. (2009: 11) “[t]he team-learning aspect
underpins the learning process as a social act where learning takes place through
dialogue and communication”. In Aalborg, the culture of collaboration is maintained
through learners’ dialogues that are characterized by mutual respect (Barge, 2010:
15). Seemingly, team work is the cornerstone for PBL, hence the research argues that
for the team “to reach the project goal, the members of a team have to learn to co-
operate effectively” (Graaff & Kolmos, 2003: 659). As we visited Aalborg University
regarding our research (see Appendix 2), we learnt that all presentations
predominantly emphasized group work, collaboration and team-based learning as the
bedrock for PBL success (Dahms 2017: 16 & Kolmos, 2017: 2).

Research also suggests that a coordinated team needs many people to collaboratively
plan to advance the learners’ educational interests (Qhosola, 2016: 57). Collaborative
teaming is described as “an ongoing process whereby educators with different areas
of expertise work together voluntarily to create solutions to problems that are impeding
students’ success” (Knackendoffel, 2007: 1). Studies have shown that teachers’
cooperation with colleagues, reflection on educational practice and “provision of a

supportive working environment that encourages collaboration may benefit teachers’

39



PCK development” (Evens, Elen, & Depaepe, 2015 :2). In support of the notion of a
team, Mosia (2016: 61) demonstrated the devastating consequences of working in
silos, whereby mathematics teachers were denied the opportunity to share skills and
knowledge, which subsequently would have enhanced their MPCK. Jita and Mokhele
(2014: 1) refer to collaborative structures for teacher learning as clusters and their
findings reveal that “clusters seem to enhance teachers’ content knowledge and
pedagogical content knowledge”. In essence team work gives teachers a platform to

share problems and consequently get emancipated in their teaching practice.

A study that was conducted by Mosia (2016; 115) found that “[tlhe absence of a team
denied the teachers the opportunity to have a common or shared vision”. This non-
existence of a coordinated team apparently still occurs despite policy imperatives, the
success of PBL and assertions in literature that suggest that team work empowers
teachers in handling classroom challenges. Mosia (2016: 115) reports that
mathematics teachers who did not collaboratively teach Euclidean geometry failed to
realize knowledge of teaching as a socially constructed endeavour. The non-existence
of coordinated teams in SA schools is reported by Qhosola (2016: 138) as she argued
that “had two teachers worked collaboratively, the performance of both classes could
have been better”. The two teachers in Qholosa’s (2016:138) study were teaching the
same subject, in the same grade but in different class groups, but failed to
collaboratively work together while teaching at the same school. In line with Qhosola’s
(2016: 145) finding that teachers worked in silos, she found that they were not aware

of the power of collective capacity that could enhance their MPCK.

The literature shed some light on why there is a disjuncture between the envisaged
policy imperatives and teaching practices. It is believed that teams are not viewed as
important under the positivist stance of knowledge production because teachers are
seen to be knowing it all (Mosia, 2016: 63). The soloist view of teaching suggests that
learning mathematics is an individualistic activity and that interacting with others is not
a necessary feature of teaching and learning (Ranamena, 2006: 14). Resulting from
the rigid inspections during the apartheid era teachers rejected to be observed in their
classrooms, instead they preferred to struggle in isolation “rather than open the door
to support and collaboration” (Jita & Mokhele, 2014: 11-12). Furthermore, collaborative
teams could not manage to secure time to meet regularly (Ono & Ferreira, 2010: 70).

It is further argued that the “National Department of Education barred all workshops
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during the school term because of poor matriculation results” (Ono & Ferreira, 2010:
67). Apparently, any collaborative team work intended to enhance PCK was put in

abeyance while the focus shifted towards improvement of matric results.

2.4.1.2 The need for a coordinated team to enhance MPCK using PBL in
Namibia

In this subsection the inquiry focuses on Namibia, one of the countries that belong to
the SADC region. The Ministry of Education (MoE) in Namibia formally adopted the
system of school clusters to improve the management of education, and for
professional support to teachers (Mendelsohn & Ward, 2007: 19). The National

Subject Policy Guide for mathematics stipulates that:

The purpose of cluster subject group meetings is to improve efficiency,
build capacity and empower teachers. Attending and participating in
cluster subject activities can play a positive role in collaborative
development and improving quality teaching and learning (MoE, 2008:
13).

The purpose of clusters includes but not limited to improving teaching and learning,
enhancing the professional performance of teachers and principals, and reducing the
isolation of schools and teachers through sharing among schools (Mendelsohn &
Ward, 2007: 19-20). It is posited that “[c]lusters provide a framework for collaboration
between schools and teachers” (Mendelsohn & Ward, 2007: 19). Over and the above
it has been assumed that clustering would improve teaching “through sharing
resources, experiences, and expertise among teachers” (Pomuti & Weber, 2012:1 &
Mosia, 2016: 1151). Besides their focus on management, these clusters provide a
platform for teachers to learn “from each other's experience in dealing with ...
problems” (Mendelsohn & Ward, 2007: 16). Notwithstanding the none-overtly
pronouncement of PBL in Namibian clusters, however, their features seem to have
taken a PBL posture, as the research found that the basic premise of PBL is that
learning starts from dealing with problems arising from professional practice (Fatokun
& Fatokun, 2013: 664).

Notwithstanding their policy directives, many Namibian schools are not immune from

the South African praxis of teachers working in silos when teaching mathematics
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(Mendelsohn & Ward, 2007: 8). It appeared that most teachers experienced
professional isolation due to the small size of schools where a teacher would be the
only one teaching a particular subject (Mendelsohn & Ward, 2007: 8). “For instance,
83% of schools that offer Grade 7 mathematics have only one Grade 7 mathematics
teacher” (Mendelsohn & Ward, 2007: 8). The professional isolation is most prevalent
in schools that “are located in rural areas where they are geographically isolated from
regular support services” (Mendelsohn & Ward, 2007: 8). Evidently, the conditions,
such as being the only teacher for mathematics and geographical isolation, distance
between schools, bad road conditions and the use of personal money to attend the
cluster meetings (Mendelsohn & Ward, 2007: 10) militated against the existence of
collaborative teams. The literature also reported that teachers did not like to attend
cluster meetings because they did not learn much (Pomuti & Weber, 2012: 4). This
was due to the authoritarian control that dominated the teaching practice and as a
result teachers only “implemented the reform as a way of conforming to the orders
from the head office” (Pomuti & Weber, 2012: 4).

2.4.1.3 The need for a coordinated team to enhance MPCK using PBL in
Nigeria

In this subsection, the focus is on Nigeria to understand the good practice in terms of
collaborative teams as a support base to enhance MPCK. Our search shows no
evidence of policy position regarding clusters or collaborative mathematics teaching.
However, once-off workshops that take five days as a cascade model for teacher
development seem to be prominent in Nigeria (Nwagbara and Edet, 2013: 2). The
policy components of the Universal Basic Education scheme show a significant
importance attached to teachers’ in-service capacity development (Ogunrin,
2011:744). The National Policy on Education (NPE) declares that lifelong education
will be the basis for the nation’s education policies to produce intellectually grounded
and professionally committed teachers through in-service programmes offered in the
form of seminars, workshops and conferences (Osuji, 2009: 298-299). From the
above-mentioned policy directives, it seems that clustering or collaborative teaching

was not central in enhancing MPCK.
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The literature suggests innovations in the in-service programmes which, among
others, include a peer tutoring and cluster-led teacher approach (Mkpa 2000, cited in
Osuji, 2009: 300). The former manifests itself when colleagues seek professional
assistance and guidance on any aspect of the discipline which is defective. “In this
way, the area of professional competence of each colleague benefits the other,
eventually leading to each member of staff growing academically and professionally”
(Osuiji, 2009: 300). While in the latter, teachers from a group of five or less schools in
a local area come together to share experiences in certain subjects. Clusters enhance
mutual assistance among teachers, and emancipation in terms of content and skills,
without necessarily going to any training institution (Osuji, 2009: 300). It is further
posited that a cluster is a group of neighbouring schools grouped around a larger
nucleus school (Nwagbara, 2014:13). As teachers assemble in clusters “they become
creative in problem-solving, effective utilization of available resources, through lesson
study, preparation of lesson plans, production of teaching materials, classroom

management and other pedagogical skills (Nwagbara, 2014:13).

The main purposes of clusters are to improve teaching, which in our case is MPCK,
by sharing experience and expertise among teachers, and to harness resources,
especially skills, from several small schools through effective networks and
collaboration among the teachers (Nwagbara, 2014;13). The cluster programme
provides a bottom-up approach and is needs driven. “The on-the-job needs of
teachers are identified, the teachers are trained on-the-job, work cooperatively and
collaboratively to share ideas, build a local resource network and take the lead in all
teaching and learning activities” (Nwagbara, 2014;13). It is further proclaimed that
clusters reduce stress for novice teachers and reduce “costs, time and risks involved
in long travelling distances to attend workshops and seek support and focus on

specific challenges unique to the local environment” (Nwagbara, 2014;14).

Contrary to research findings that showed interest in collaborative teams through
clusters, it seems that Nigerian teacher development programmes do not embrace
clusters. Research argues that once-off workshops of five days per year seem to be
the commonest model for teacher development (Nwagbara, 2014:13). A review of
research on basic education provision in Nigeria exhibited a mismatch between
problem conceptualisation and training activities, hence, in-service practices fail to

improve teachers’ instructional practices in the classroom (Akyeampong, Sabates,
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Hunt & Anthony, 2009: 50). The literature also proclaims that teachers complain about
workshops being too fragmented and unrelated to teaching practices (Nwagbara and
Edet, 2013: 2). The research only recommended that in-service mathematics re-
training should be “strengthened by grouping of teachers working together to learn,
share experiences, ... rather than large scale workshops that have little impact on the
teachers’ practice” (Nwagbara and Edet, 2013: 6). Seemingly, collaborative teaching

or clusters were not used as a strategy to emancipate teachers in Nigerian schools.

It appears that a research gap exists regarding coordinated teams to enhance MPCK
in Nigerian schools. This study has earlier alluded that is seems that there is neither a
policy position nor well researched praxis on collaborative mathematics teaching. The
literature advances socio-economic reasons that seem to be an impediment towards
in-service activities (Nwagbara and Edet, 2013: 7), albeit not collaborative teams per
se. ‘It has to be noted that the period for retraining cuts into their vacations and
weekends and often takes time away from a needed second income or interferes with
family life” (Nwagbara and Edet, 2013: 7). Consequently, the literature proposed that
mathematics teachers should be handsomely paid for participating in in-service
programmes (Nwagbara and Edet, 2013: 7).

2.4.1.4 The need for a coordinated team to enhance MPCK using PBL in the
United States of America (USA)

In this subsection, the study focuses on the USA to understand the good practice
regarding coordinated team work. In terms of collaborative mathematics teaching, the
literature suggests that little is known about USA policy stunts and policy context of
public schools in influencing how teachers’ social networks form, function, or change
over time (Coburn, Mata & Choi, 2013: 312). Nonetheless, it appears that districts
encourage teams of teachers at the school site to work together to make changes in
their practice (Coburn, Mata & Choi, 2013: 311).

Despite the fuzzy policy position in terms of collaborative teaching, the literature refers
to proponents of collaborative teaching, referred to as professional learning
communities (PLCs) (Dufour, 2004b: 8). “The powerful collaboration that characterizes
professional learning communities is a systematic process in which teachers work

together to analyse and improve their classroom practice” (Dufour, 2004b: 8).
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According PLCs proponents, teachers build their capacity when they collaboratively
“help each other develop and implement strategies to improve current levels of student
learning” (DuFour 2004a: 63). Within the PLCs model, teachers work collaboratively
as a team, discuss and reflect on the organizational structure and the “organizational
structure becomes a primary agent directly mediating teacher professional growth”
(Graham, 2007:2). Graham (2007:1) investigated the relationship between PLCs
activities and teacher improvement in a first-year middle school. The findings of
Graham’s (2007: 13) study suggest that,

“as individual teachers grew to trust and respect each other, and as
conversations increasingly addressed substantive issues of teaching
and learning, teachers were able to ‘see through each other’s eyes’
such that each member of the team was able to benefit from the

collective wisdom of all members”.

In essence, the opinions of participants in Graham’s research also attest that PLCs
enhances PCK as they argue that it helps knowing that that there is somebody down
the hall that one can engage with if one is wondering how to approach something

instructionally (Graham,2007: 9).

Despite the availability of evidence that exhibited positive effects of collaborative
teaming in teaching mathematics (Murata, 2002: 67 & Jang, 2006: 178), the USA
teachers strongly believe in individual teaching styles (Stigler, Thompson & Ji, 2013:
230). In the research conducted by Stigler et al. (2013: 230) teachers expostulated the
establishment of collaborative teams and maintained that “developing a common
lesson plan sounds nearly impossible”. The teachers’ assertion as they contended
against working collaboratively with others was that they kept the lesson details in their
heads without being documented nor shared with other fellow teachers (Stigler et al.,
2013: 230). The research also highlighted that 30-50% of teachers left the teaching
profession within the first three to five years of service in the USA (Ball & Cohen, 2014:
318). Notwithstanding the regular complaint about lack of professional efficacy as one
of the reasons for their departure, it became clear that new teachers often were
“isolated from their more experienced colleagues” (Ball & Cohen, 2014: 318). As much
as many teachers strived to help learners develop mathematical skills, they did so

largely on their own.
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2.4.1.5 The impact of non-existence of a coordinated team to enhance MPCK

In summary, the research reported a plethora of disadvantages when mathematics
teachers work as individuals. Mosia (2016: 116) reported that “[i]t became evident that
teachers did not even share their challenges, teaching methods, resources or teaching

aids” due to non-existence of a coordinated team. According to Tsai (2004: 329):

“Teachers are challenged by the interplay between the reform vision of
instruction and their own experience with more traditional pedagogy.
Research suggests that teachers need to learn mathematics in a manner is

consistent with the way we expect them to teach.”

In a nut shell, mathematics teachers cannot be expected to teach mathematics in a
collaborative way when they have not been exposed to collaborative teaching. Instead,
they are likely to continue using the traditional approaches such as the banking
concept. The banking concept is seen to hinder learners’ thinking “and allows for their
passive reception of knowledge, which in turn may be an effort to disempower both
teachers and students” (Tutak, Bondy & Adams, 2011: 67). It is articulated from the
research findings above that any professional development without coordinated teams
is unlikely to be effective.

2.4.1.6 Theimpact of a coordinated team to enhance MPCK

From the discussion above the need to establish coordinated teams as a platform to
empower both the researchers and the co-researchers could no longer be ignored. As
aresearcher | ceased to be what Basov and Nenko (2011.: viii) call a ‘lone wolf scholar’
with the understanding that when two agents or inter-subjectivities meet, they “grow
and develop through mutual and reciprocal beneficiation” (Mahlomaholo, 2012, 293).
Mahlomaholo (2012a: 293) further argued that “[bJoth of them individually and
collectively ultimately possess more than their separate individual knowledges in this
process”. The research suggests that the lack of teamwork results in ineffective
pedagogical practices (Mosia, 2016: 63). In support of the need for a team, the
literature enunciates that teachers find space to communicate, share and address
issues, observe one another’s work and develop expertise in various aspects (Jita &
Mokhele, 2014: 4) when there are teachers’ networks or clusters, or, coordinated

teams in our case. They get rescued from a ‘guru’ mentality by sharing problems and
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learners’ misconceptions which they encounter in their praxis. The absence of a
coordinated team was not the only challenge in an attempt to enhance MPCK using
PBL, but poor understanding of learners’ misconceptions as discussed in the following

section seemed to be a hindrance as well

2.4.2 The need to identify and follow up learners’ misconceptions

This section focuses on the impact of understanding and follow-up on learners’
misconceptions in enhancing MPCK using PBL. Teachers should know their learners’
mathematics misconceptions in order to develop the pedagogical “conditions
necessary to overcome and transform those initial conceptions” (Shulman 1986: 10).
Ball (1997: 732) further argues that teachers must learn what their students know in
order to effectively approach mathematical topics. It is further posited that “knowledge
of students is as essential a resource for effective teaching as is knowledge of
mathematics itself” (Ball, 1997: 732). Understanding learner’s knowledge might guide
teachers to scaffold learners’ ideas and mediate the construction of new knowledge
(Brodie, Lelliott & Davis, 2002: 557). Learners’ misconceptions result from a naive
concept of images that does not measure up to the concept definitions (Luneta &
Makonye, 2010: 44). Common learners’ misconceptions include, but are not limited to,
‘conjoining and premature closure, negatives and subtraction, multiplication and
indices, the equality relationship and evaluating letters rather that accepting an open
expression as a final answer” (Pournara, Hodgen, Sanders and Adler, 2016: 5). Errors
such as conjoining persist to bedevil learners beyond Grade 9 as Pournara, Hodgen,
Sanders and Adler (2016: 5) presented a table demonstrating the percentages of
learners’ responses showing conjoining errors. Accordingly, teachers should tailor the
lessons plans and presentations in a way to address learners’ difficulties in order to
eliminate their misconceptions (Kilig, 2011:18). In essence, teachers eliminate such

misconceptions by probing questions (Kilig, 2011:19) and acting in line with PBL.
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TABLE 2: Percentage of responses showing conjoining error.

ltem Typical errors U of all responses

Grade 9 Grade 10 Grade 11

12 Simplify 2a+5b Tab 53 50 42
14 Simplify 2a+5b+a Tab, 8ab 25 18 14
L Add 4ton+5 n 1 12 7
33 Add 4to3n n 25 32 17

53 ffe+f=3 8 17 1 10
etftg=?

Figure 2.2: Conjoining error (Pournara et al,, 2016: 5)

In this study we shall use misconceptions to encompass all learners’ errors and
misunderstanding of mathematics concepts. It is prudent for teachers to understand
these learners’ misconceptions in order to plan a pedagogical approach that would
alleviate problematic patterns in mathematics concepts (Makgakga, 2014, 4). The
literature philosophised that when teachers follow up on learners’ misconceptions
which they themselves cannot explain, they develop MPCK as a conseguence
(Herholdt & 