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ABSTRACT

The study aims at designing a framework for using indigenous games to teach
problem-solving. In formulating the framework, one school was identified in the
Thabo Mofutsanyana Education District. In pursuance of the aim of this study, the
following objectives were identified as key:

e To demonstrate a need for a framework for the teaching of problem-
solving at grade 10 using indigenous games

e To identify components of problem-solving for use of indigenous games in
grade 10 mathematics classrooms to enhance learner performance;

e To indicate the conditions under which teaching problem-solving using
indigenous games can be successfully implemented,;

e To identify possible threats that may adversely disturb the teaching of
problem-solving using indigenous games in grade 10 mathematics
classrooms, so as to build the mechanisms that will resolve the anticipated
threats;

e To trial and test the teaching of problem-solving using indigenous games
S0 as to produce evidence of its effectiveness.

The study is conducted within community cultural wealth as a theoretical
framework, which acknowledges that there is no deficiency in the marginalised
knowledges of the excluded people. The theoretical framework validates and
acknowledges the knowledge that the marginalised possess, as very rich in the
teaching and learning of problem-solving. Thus, the study tapped into the
marginalised knowledge to teach problem-solving, using the participatory action
research (PAR) method in generating data. PAR is compatible to the principles of
community cultural wealth, recognising community members as experts and
empowering communities to find their own solutions to local issues (Moana,
2010:1). Hence, the involvement of participants such as community members
(parents, traditional leaders), education experts (teachers, mathematics subject
advisors, lecturing staff from institution of higher learning) and learners themselves
were very important in the designing of the framework of teaching problem

solving.
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The research coordinator reviewed the literature from the local context (within
South Africa), neighbouring states, SADC (Southern African Development
Community), the continent and internationally. This helped achieve a sense of
good practices in the teaching of problem-solving around the world. The reviewed
literature was compared and juxtaposed to empirical data, with the common
issues and disagreements that transpired discussed. Recommendations were
made for the framework. Among the challenges identified were: mathematical
content is very abstract for learners to comprehend. This is exacerbated by the
method used for teaching problem-solving. The major part of the teaching of
problem-solving is controlled by the teacher. This approach to teaching is
influenced by the assumptions that learners are empty vessels, which must be fed
with knowledge into their minds. Also, there is a lack of engagement of parents in
the teaching of problem-solving, with the teaching of it divorced from home
environment and learners’ background, which was very rich in mathematical
content. This agrees with Pramling-Samuelsson’s (2008:630) argument that, when
playing, children learn mathematical concepts easily. Thus, the study used

indigenous games to teach mathematical concepts to learners.

In addition, the study also looked into possible solutions to the identified
challenges. That is, all the activities in the teaching of problem-solving were
learner-based, and teachers, parents and subject experts scaffolded the
processes of learning problem-solving. Conducive conditions include teachers not
having to dictate to learners how to learn problem-solving, rather to allow them to
explore and discover various mathematical concepts on their own through playing
the indigenous games or visualising these mathematical concepts by observing
others playing. The primary data was generated by using tape-recorder and video
camera, analysed using Van Dijk’s critical discourse analysis (CDA) to identify
instances of ‘discursive injustices’ in text and talk, and signifies a form of
resistance to unethical and unjust social power relations (Hakimeh Saghaye-Biria,
2012:509; Van Dijk, 2009:63; Dijk, 2003:352). CDA enabled the study to acquire
deeper meanings of the text.
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Based on the above, through the study it was found that the framework for using
indigenous games helped learners to be creative in approaching problem solving.
It also, assisted them to discover mathematical concepts, definitions, and

mathematical content which are embedded with the indigenous games.
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OPSOMMING
Die studie het ten doel om ’n raamwerk, wat gebruik maak van inheemse
speletjies om probleemoplossing te onderrig, te ontwikkel. Tydens die formulering
van die raamwerk is 'n skool uit die Thabo Mofutsanyana Onderwysdistrik
geidentifiseer. Die volgende kerndoelwitte is bepaal in navolging van die doel van
die studie:

e Om die behoefte aan 'n raamwerk vir die onderrig van probleemoplossing
aan Graad 10-leerders deur die gebruik van inheemse speletjies, te
demonstreer;

e Om die komponente van probleemoplossing wat gebruik kan word tesame
met inheemse speletjies om leerderprestasie in Graad 10-Wiskunde klasse
te bevorder;

e Om die toestande waaronder probleemoplossing m.b.v. inheemse
speletjies suksesvol geimplementeer kan word, aan te dui;

¢ Om moontlike bedreigings wat die onderrig van probleemoplossing negatief
kan beinvloed te identifiseer en meganismes om die verwagte bedreigings
te neutraliseer in plek te stel; en

e Om die onderrig van probleemoplossing deur die gebruik van inheemse

speletjies te toets en dus bewyse t.o.v. die effektiwiteit daarvan te verkry.

Die studie is onderneem binne die rykdom van die gemeenskapskultuur as die
teoretiese raamwerk, wat erken dat daar geen tekortkoming is in die
gemarginaliseerde kennis en begrip van die uitgeslote persone nie. Die teoretiese
raamwerk heg waarde aan en erken dat die kennis wat die gemarginaliseerdes
oor beskik, ryk is in die onderrig en leer van probleemoplossing. Hierdie studie delf
dus in die gemarginaliseerde kennis oor hoe om probleemoplossing te onderrig
deur gebruik te maak van deelnemende aksienavorsing om data in te samel.
Deelnemende aksienavorsing is versoenbaar met die beginsels van
gemeenskapskultuur-rykdom, erken gemeenskapslede as kenners en bemagtig
gemeenskappe om self oplossings te vind vir plaaslike probleme (Moana, 2010:
1). Gevolglik was die betrokkenheid van deelnemers soos gemeenskapslede

(ouers, tradisionele leiers), onderrigkenners (onderwysers, wiskunde-
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vakadviseurs, dosente aan hoéronderwys-instellings) en die leerders self baie
belangrik in die ontwerp van die raamwerk.

Die navorsingskoordineerder het literatuur bestudeer uit die plaaslike gemeenskap
(Suid-Afrikaanse), die buurstate, die SAOG (Suid-Afrikaanse
ontwikkelingsgemeenskap), asook op kontinentale en internasionale vlakke. Dit
het gelei tot ontwikkeling van ‘n begrip vir goeie praktyk wéreldwyd in die onderrig
van probleemoplossing. Die bestudeerde literatuur is vergelyk met en naas die
empiriese data geplaas. Die gemeenskaplike kwessies en verskille wat opgeduik
het is bespreek en aanbevelings t.o.v. die raamwerk gemaak. Van die uitdagings
wat geidentifiseer is, is onder andere dat wiskundige begrippe baie abstrak is vir
leerders om te begryp. Dit word vererger deur die metode wat toegepas word om
probleme op te los. Die grootste gedeelte van die metode van onderrig van
probleemoplossings  word deur die onderwyser beheer. Hierdie
onderrigbenadering word beinvioed deur aannames dat leerders leé doppe is en
dat hulle met inligting volgeprop moet word. Daar is ook ‘n tekort aan
ouerdeelname t.0.v. probleemoplossing aangesien die onderrig van
probleemoplossing ver verwyder is van die bekende omgewing van die leerder se
huislike omgewing en agtergrond, ‘n milieu wat ryk is aan wiskundige inhoud. Dit
stem ooreen met Pramling-Samuelsson (2008: 630) se argument dat kinders
wiskundige begrippe makliker leer deur speletjies. Daarom het die studie gebruik
gemaak van inheemse speletjies vir die onderrig van wiskundige begrippe.

As byvoeging het die studie ook ondersoek ingestel na moontlike oplossings vir
die geidentifiseerde uitdagings. Met ander woorde, alle aktiwiteite in die onderrig
van probleemoplossing moet leerdergesentreer wees en die onderwysers, ouers
en vakkundiges moet die aanleer van probleemoplossing begelei. Gunstige
omstandighede sluit in onderwysers wat nie nodig het om aan leerders te dikteer
hoe om probleemoplossing aan te leer nie, maar eerder die leerders toe te laat om
ondersoek in te stel en verskillende wiskundige begrippe op hul eie te ontdek deur
die speel van inheemse speletjies, of deur die visualisering van wiskundige
begrippe deur waar te neem hoe ander speel. Die primére data is gegenereer
deur ‘n bandopnemer en videokamera te gebruik, en geanaliseer m.b.v. Van Dijk
se kritiese diskoersanalise om momente van “diskursiewe ongelykhede” te
identifiseer, en dui op n vorm van weerstand t.0.v. onetiese en ongelyke
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maatskaplike magsverhoudings (Hakimeh Saghaye-Biria, 2012: 509; Van Dijk,
2009: 63; Dijk, 2003: 352). Kritiese diskoersanalise het die studie in staat gestel
om ‘n dieper betekenis van die teks te bekom.

Gebaseer op bogenoemde, het die studie gevind dat die raamwerk van inheemse
speletjies leerders gehelp het om kreatief te wees in probleemoplossing. Dit het
die leerders ook in staat gestel om wiskundige begrippe, definisies en wiskundige

inhoud wat in die inheemse speletjies opgesluit I&, te ontdek.
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CHAPTER 1

OVERVIEW OF STUDY

1.1 INTRODUCTION

Mathematics results in South African secondary schools are very poor, as
illustrated in the Department of Basic Education (DBE) Reports of 2009 & 2010,
which show that nationally the grade 12 mathematics results in 2008, 2009 and
2010 stood at 45.95%, 46.0% and 47.4% respectively. In Free State province the
results for the same years were 77.63%, 53.3% and 48.4% respectively. The
Annual National Assessments (ANA) Report (2011) showed that 74% of Free
State learners in grade 6 failed mathematics. To a large extent, the results were
influenced by poor performance of mathematics in lower grades, but the DBE
Report (2009) posits that many of the mistakes made by learners in answering the
Mathematics assessment tasks had their origins in poor understanding of the
basics and foundational competencies taught in the earlier grades. The report
further suggests that intervention to improve learners’ performance should
concentrate on knowledge, concepts and skills learnt earlier and not just in the
final year of the Further Education and Training (FET) phase. -

This study focused on enhancing problem-solving skills in a grade 10 mathematics
classroom using indigenous games by paying attention to certain topics in which
grade 10 learners do not perform well. These include patterns, functions,
trigonometry in two and three dimensions, and analytical geometry, topics that the

DBE Report (2009) shows also produced poor performance in grade 12.

Van De Walle, Karp,Bay-Williams (2010:32,33) argue that a problem-solving
approach allows learners to build meaning for the concepts so that they shift to
abstract concepts readily. The researcher and participants understood problem-
solving as an approach to the teaching of mathematics in a creative way, whereby

learners are taught skills and knowledge of counting, solving equations and how to
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interpret geometric figures. To date, learners, especially those in the rural areas,
have experienced the greatest difficulty in understanding and problem-solving
areas of mathematics. Gaigher, Rogan and Braun (2006:15,16) point out that
most perform badly because of teacher-dominated approaches, and the learners
expected to remain passive recipients of rote learning. Troutman and Lichtenberg
(2003:11, 12) state that teachers need to provide students with stimulating

problem-solving activities.

This study therefore uses indigenous games as a stimulating activity in the
teaching and learning of mathematics. Mosimege (2000:427) clarifies
misconceptions about indigenous games, namely that they are usually perceived
from the narrow perspective of play, enjoyment and recreation, whilst there is
actually more to them than just the three aesthetic aspects. Indigenous games can
reveal mathematical concepts associated with them. According to Van De Walle,
Karp Bay-Williams (2010:33) and Leonard (2008:6,7,8)in the traditional modes of
teaching, learners do not learn content with deep understanding and often forget
what they have learned. Thompson (2008:34) suggests that teachers should
capitalise on the background of learners for performance to be enhanced.
Children meet mathematical concepts every day and operate in rich mathematical

contexts even before they set their eyes on a mathematics worksheet.

The researcher and the research participants argue that the teaching of problem-
solving is abstracted and treated as if knowledge of it ends only with memorising
mathematical formulae. Troutman et al. (2003:55) support the latter statements
that teachers need to strive to build a foundation and master important teaching
techniques related to problem-solving. Van De Walle et al (2010:34) points out
that problem-solving knowledge content grounded in an experience familiar to
learners supports the development of advanced mathematical concepts and
provides them with access to meaningful mathematical reasoning, thus they are

able to learn it successfully.

On the other hand, Hirsh (2010:154,155) argues that if mathematics teachers
continue to teach what they know and ask learners to memorise and regurgitate
content it is impossible to expect any advancement to be made in problem-solving.

To a large extent the teaching of problem-solving seems to lack the element of
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relevancy to real life, hence learners do mathematics for the sake of passing tests
or examinations, and with little understanding. They are not taught the skills of
deriving formulae and functionalising knowledge derived from them. Koellner
Jacobs, Borko, Schneider, Pittman, Eiteljorg, Bunning, Frykholm (2007:273)
points out that problem-solving should not be merely taught as a set of procedural
competencies but rather mathematics teachers had to help learners gain
adequate conceptual knowledge along with a flexible understanding of procedures
to become competent and efficient problem-solvers. Learners are thus limited in
terms of creativity and self-discovery as a result of this way of teaching problem-
solving. Thompson (2008:34,35) argues that children are likely to be creative

when they use ideas and experiences, and make new connections through play.

Human (2005:303) indicates that for problem-solving to succeed it should put a
high demand on the teacher’s subject-matter understanding. Van De Walle et al.
(2010:60) and Ridlon (2009:190) suggest that, before class, the teacher has to
make proper preparations and planning. This will help the teacher to reach out to
learners. Activities prepared should allow for learner-centredness, take learner
background into account and clear connections between mathematics concepts
and learner experiences. The connection is to align the indigenous games played
at home with the mathematical content taught in class. Conditions to be taken into
account are that both learners and teachers are familiar with indigenous games,
however, Mhlolo & Schafer (2013:1,2) point out that there are learners who will be
reluctant to work on activities and expect the teacher to provide them with

answers.

1.2 PROBLEM STATEMENT AND RESEARCH QUESTION

Poor learner performance in Mathematics and invariably ineffective strategies
used in teaching problem-solving tend to ignore learners’ background and

experiences. Based on the above discussions, the research question is therefore:

e How can using indigenous games enhance problem-solving skills in a

grade 10 Mathematics classroom?



1.2.1 Research aim

In an attempt to answer the above-stated research question, the research aim of
the study is to develop a framework for enhancing problem-solving skills in grade

10 mathematics classroom using indigenous games.

1.2.2 Research objectives
In order to accomplish the research aim the following objectives were addressed:

e To demonstrate a need for a framework for the teaching of problem-solving

at grade 10 using indigenous games

e To identify components of problem-solving by which indigenous games are
used in grade 10 Mathematics classes to enhance learner performance

e To indicate the conditions under which teaching problem-solving using
indigenous games can be successfully implemented

e To identify possible threats that may adversely disturb teaching problem-
solving using indigenous games in grade 10 Mathematics classes, so as to
build the mechanisms that will resolve the anticipated threats;

e To try and test the teaching of problem-solving using indigenous games so
as to produce evidence of its effectiveness.

1.3 THEORETICAL AND CONCEPTUAL FRAMEWORKS

The study is grounded by community cultural wealth theory, focussing on the
wealth of knowledge which the marginalised groups possess. Such knowledge is
key to the teaching and learning of problem-solving. The study is further guided by
ethno-mathematics as the conceptual framework, concurring with a theoretical

framework that posits that teaching and learning of problem-solving is created by
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the marginalised groups out of their everyday lives experiences, rather than being

taught in a formal setting.

The proposed research is viewed through the lens of community cultural wealth
theory. Lynn (2004:156) and Yosso (2002:98,100,102; 2005:69) argue that
community cultural wealth concentrates on and learns from the range of cultural
knowledge, skills, abilities and contacts held by subaltern groups that often go
unrecognised and misunderstood. In this study, the use of indigenous games in
teaching problem-solving skills in grade 10 Mathematics classes is a way of

recognising and acknowledging the cultural practices of various communities.

Van Oers (2010:23,26,27) agrees with Yosso by introducing the cultural-historical
theory of Vygotsky, which views learning as a process of qualitative change of
actions that may take place when people take part in cultural activities and receive
guidance for refining or appropriating actions. Van Oers argues that within the
cultural-historical context, problem-solving can be defined as a cultural activity that
arose somewhere in cultural history and went through a rich and significant
cultural-historical development, to end up in the multidimensional and highly
advanced discipline as we know it today. On the other hand, Leonard (2008:59,
60) contend that mathematical problem-solving, like all other forms of knowledge,
is located within a cultural context. Subsequently, counting and numeracy can be
conceptually understood as both a knowledge form and a cultural practice that
enables learners to manage and organise their world. Employing cultural norms in

the classroom is at the heart of teaching cultural relevance.

Yosso (2005:78,79) argues that community cultural wealth theory has various
forms of capital, such as aspirational, navigational, social, linguistic, familial and
resistant. These draw on knowledge of learners from homes and communities
being taken into the classroom environment. The researcher supports Y0sso’'s
theory of community cultural wealth and Van Oers’s cultural-historical theory, in
that using indigenous games in to teach mathematics problem-solving skills is a
way of bringing the immediate environment and experiences of the child to the
classroom. Van Oers (2010:13,14) points out that children learn problem-solving

optimally when their learning is deep-rooted in playful activities.



In this study, ethno-mathematics as the conceptual framework is used to
operationalise the theoretical framework. The marginalised knowledge of the
subaltern communities is contextualised through its use and is underpinned by
Wittgenstein‘s philosophy of knowledge as multifaceted (Chilisa, 2012:40; Vilela,
2010:345), rather than perceiving human knowledge through scientific laws that
objectify human beings (Ryan, 2006:21, 22). Wittgenstein’ s philosophy came as a
reaction to the relativity theory of Einstein, which saw human beings as objects to
be studied and controlled (McGregor, 2010:424; Penco, 2010:2; Vilela, 2010:344).

Whilst it is evident that the teaching and learning of problem-solving should be
viewed from a humanistic point of view (Barker, 2012:20; Bush,2005:3;Vilela,
2010:249), through the lived experiences of marginalised groups there are many
mathematical concepts that are formulated. Problem-solving meanings are not
fixed or predetermined, and meanings are not indifferent to linguistic practices
(Lynn, 2004:154, Vilela, 2010:347; Yosso, 2005:80). The link between
mathematical content and the cultural practices (such as play of indigenous
games) helps learners to see and appreciate the relevance of problem-solving
skills in their day-to-day activities (Chikodzi & Nyota, 2010:4).

1.4 CONCEPTUALISING OPERATIONAL CONCEPTS

It is necessary here to clarify the two key terms as they are understood and used

in the study.

Problem-solving has been variously defined, but in the context of this study it is
regarded as a topic of instruction on mathematical content (Posamentier & Kruik,
2008:4). Examples considered include, algebra and geometry (Grinstein & Lipsey,
2001:648), with the former a mathematical topic using variables to represent
situations as a main focus, and patterns described to illustrated certain
relationships, at times described as functions. The latter focuses on different
shapes of geometric figures, and space occupied by them.

The indigenous games are examples of cultural practices played by various

communities. The study focuses on the ones commonly played in South African



schools, such as morabaraba, dibeke, diketo (Department of Sports and
Recreation, 2006:1). As the learners play they also learn mathematical content
embedded within them (Pramling-Samuelsson, 2008:630). Capital wealth includes
socialising skill and ability to strategize, of use when learning problem-solving
(Lynn, 2004:156; Yosso, 2005:80).

1.5 OVERVIEW OF LITERATURE REVIEW

In order to operationalise the objectives of study, the literature is reviewed from
the good practices of learning problem-solving using indigenous games. The
literature reviewed is local, regional (the Southern African Development
Community, SADC), continental, and global. Key concepts arise, as constructs to
be used in chapter four to make sense of the empirical data.

1.5.1 Demonstrating and justifying the need to develop the framework

According to various reports, such as the Annual National Assessment (ANA)
Report of 2011, the Department of Basic Education (DBE) Report of 2009, 2010;
the Southern and East Africa Consortium for Monitoring Educational Quality
(SACMEQII) Report of 2010, and the World Economic Forum Mathematics
Report of 2011, learners’ performance on problem-solving has been poor.
Learners find it difficult to comprehend problem-solving in schools as they are
taught in a very abstract way, with outdated modes of rote learning. Teachers tend
to ignore the home background and context of learners, thus denying them full

access to mathematical content (Anthony, 2009:153).

Based on the above scenarios, this research was conducted to address specific
challenges and develop a framework to enhance learners’ performance on

problem-solving.



1.5.2 Determining the components of the framework

After a needs assessment was carried out certain challenges were identified. In
addressing them the research team was constituted, from the school community,
members of society, education officials, and individuals from institutions of higher
learning. In coming up with comprehensive solutions to the identified problems,
expertise from various sectors was needed. The framework of using indigenous
games to teach problem-solving focused on the concept of a playing and learning
child (Mhlolo, Venkat, Schafer, 2012:1,2; Mosimege, 2000:11; Mosimege,
2000:457; Pramling-samuelsson, 2008:629). As learners play there is much that
they can learn about mathematical concepts. There were strong connections
between indigenous games and problem-solving, and learners easily identify the
mathematical concepts illustrated by indigenous games. For much of the time
there were natural interactions between learners, and learners and teachers. The
involvement of subaltern parents in the teaching of problem-solving assisted the

researcher to operationalise the theoretical framework.

1.5.3 Exploring the conducive conditions for the framework

For the components of the framework of using indigenous games to teach
problem-solving to vyield results, there are contextual factors that must be
considered. The teaching and learning environment must replicate the home
environment. Learners were engaged in the playing of indigenous games, which
simulated them to network and learn from others in their interactions (Yosso,
2005:79). Rather than the teacher transferring knowledge into their minds the
teachers’ and parents’ role was that of providing scaffolding where necessary. For
instance, as learners played they observed many patterns in the indigenous
game, which were translated into mathematical content that resulted in linear
patterns and quadratic patterns. Learners were given power and voices (Lynn,
2004:154, Mahlomaholo, 2010:17) to reiterate these mathematical concepts in

their own understanding.



1.5.4 Identifying the risks factors that might derail the framework

It is important that in the process of implementing the framework the research
team has to reflect on and identify risks factors that might derail the framework.
The research participants have to think of ways of avoiding these threats in future.
This is amplified by Keeley and Tobey (2011:89), who argue that as one reflects it
is important to identify good practices and risks factors, such that the feed-forward
process can be cautious of threats that exist and how to circumvent them. The
study was mindful of excessive powers of teachers and education officials, and
language used did not accommodate other participants (Akuno, 2013:66;
Mukhopadhyay, 2013:94; Lynn, 2004:165). These threats impacted negatively on
the framework, as some parents absented themselves from sessions, and others
had wrong perceptions that there were other ulterior motives about the study or

believed that they were being manipulated for certain individuals’ benefit.

1.5.5 Demonstrating the indicators of successes of the framework

The framework of using indigenous games to teach problem-solving showed
positively changes in learners’ performances, and the method of teaching
encouraged learners to have interest in problem-solving (Waege, 2009:90;
Williams & Forgasz, 2009:96). Table 4.6.7 (d) shows that learners’ performance
has significantly increased (refer to 2.5.2.4 and 4.6.4 for details). The materials
which were developed by the research team were also used to train Mathematics

teachers in other clusters in the district.

1.6 METHODOLOGY AND DESIGN

The study utilised participatory action research (PAR), which recognises
community members as experts and is empowering for communities who are
enabled to find their own solutions to local issues (Moana, 2010:10). In the context
of this study, the researcher and participants were empowered in using indigenous

games to solve problems and identify mathematical concepts embedded in them.



The marginalised capital was explored to understand problem-solving by using
cultural games, particularly indigenous ones. As Yosso (2005:69) argues, there is

much cultural capital in the communities which is not being adequately utilised.

The researcher assembled a team of grade 10 learners in one school located in
the rural area of QwaQwa, one deputy principal, one head of department (HOD),
three grade 10 Mathematics teachers, two life orientation teachers, two district
officials from the Department of Basic Education (DBE), one in the sports section
and two Mathematics subject advisors, ten parents with knowledge of various
indigenous games and two members of the royal family who were custodians of
cultural games, and a lecturer in the school of Mathematics, Science and

Technology Education from the university.

The framework was implemented in one school in the rural area of QwaQwa, in
Thabo Mofutsanyana Education District. For confidentiality and anonymity the
school and participants were given pseudonyms. In stimulating the debate the
Free Attitude Interview (FAI) (Buskens, 2011:1) was followed, so as to ensure that
participants were central to the study and their voices 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 (McGregor et al., 2008:199;
Stinson, 2012:46).

1.7 ANALYSIS OF THE DATA

The study used Van Dijk’s critical discourse analysis (CDA) in analysing and
interpreting data, to get deeper meaning of the spoken words of the research
participants. The research team used the CDA because it is compatible with the
theoretical framework of the study, and allows for various ways of arriving at the
truth (Wodak & Meyer, 2009:3). CDA is a type of discourse analytical research
that mainly examines the way social power exploitation, dominance, and inequality
are sanctioned, reproduced, and opposed by text and talk in the social and
political context. It seeks to pinpoint occurrences of ‘discursive injustices’ and
denotes a form of resistance to unethical and biased social power relations
(Hakimeh Saghaye-Biria, 2012:509; Van Dijk, 2003:352; 2009:63;).
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The following is an example of a text, with translation, from chapter four:

‘.... ha le letsoho la mme MmaTumelo le phahama ho bonahala hore kgati
e phahamela hodimo, moo le letsoho la hae le theohelang fatshe, le kgati e
theohela fatshe...” As Mrs. MmaTumelo’s hand goes up, it shows the rope
is going up, and as the hand goes down, it illustrates that the rope goes

down).

The above text was analysed and interpreted so as to get the deeper meaning

form the playing of kgati, as follows:

The mathematical knowledge/content extracted from this movement of the
rope is that, as it (resembling a curve) rises it shows that the curve is
increasing, and as it descends it shows that the curve is decreasing. Also, the
phrases ‘hand goes up and hand goes down’ demonstrates the movement of
the rope or curve along the vertical axis or y-axis. The extract further
demonstrated that learners or participants are able to visualise the movement
of the skipping rope (kgati), and with the assistance of linguistic capital they
possess they are able to describe the movement portrayed by the skipping

rope.

1.8 IMPLEMENTATION OF THE FRAMEWORK

The framework used indigenous games to teach problem-solving in a grade 10
mathematics classroom in the following stages: preparation, planning and actual
implementation. The preparation stage was followed in two stages, as when the
research initiator met with the supervisory team and cohort of students to present
the research proposal, after which the contributions from the supervisory team and
cohort of students were incorporated into the research proposal for submission to
the committees for Title Registrations and Ethics, and finally to the Faculty Board
for approval. In the second stage the research initiator met with the possible
participants to hold discussions and secure their participation (Chilisa, 2012:250;
Dodson et al.,, 2005:953) in the research. Since the study was taking a post-

positivist approach it was important that voices of participants were listened to,
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rather than objectifying their feelings and thoughts, whereby they are manipulated
for the researcher’s benefit (Barker, 2012:12; McGregor et al., 2010:422,423). The
planning phase sees all the stakeholders who have interest in the research being
invited and the team being formally constituted. Based on analysis of the
strengths, weaknesses, opportunities and threats (SWOT) the team mapped the
way forward by drawing up an action plan that guided our activities.
Implementation followed, with the activities planned being put into practice. The

stages are covered in greater detail in chapter five.

1.9 FINDINGS, SUMMARIES AND RECOMMENDATIONS

The main ideas and constructs which were formulated from the theoretical and
empirical data were analysed and interpreted using critical discourse analysis
(CDA) in chapters two and four. The analysis in chapter four assisted the study to
craft findings, compile summaries and make recommendations. These showed
how the study contributed to the body of knowledge. Chapter six presents the

findings, summaries, conclusions and recommendations.

1.10 THE VALUE OF THE RESEARCH

The research helped identify serious challenges in the teaching and learning of
problem-solving in grade ten mathematics classes. The method used by teachers
in teaching problem-solving greatly inhibits learners’ memorising of mathematical
content and formulae with understanding, and hence their accessing it. Parents
who possess rich capital in the teaching of problem-solving were alienated. It was
found that the cultural capital possessed by learners and parents assisted in
concretising the mathematical content, which initially looked abstract. As a result,
learners’ performances showed significant improvement (refer to Table 4.6.7(a,d)).
The cultural capital of parents helped learners to extract mathematical content
infused in indigenous games and encouraged parents to realise that they could

play a significant role in the teaching of problem-solving. There were good
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practices that sustained the framework to teach problem-solving and achieve good

results.

1.11 ETHICAL CONSIDERATIONS

In ensuring no harm befell the research participants it was necessary that they be
protected from physical, mental or psychological injury (Chilisa, 2012:86), or any
form of harm that might make them feel uneasy. In making certain that the study
was not harmful to the participants and the institutional guidelines were adhered
to, the Ethics Committee of the University scrutinised the proposal and ultimately
granted approval for the research to continue to conduct the study. A similar
request was made to the Free State Department of Education for permission to
conduct the study at the local school of Thabo Mofutsanyana Education District

(see Appendix B1).

All the research participants were given consent forms to sign (see Appendices
D1-D6, and E1. The forms stated that participation in the study was voluntary, with
no member forced to take part. If at any stage a participants wished to withdraw
he or she was at liberty to do so. For learners who were underage, parents were
given the consent forms to sign on their behalf of such learners. For parents and
learners who did not understand English well these consent forms were translated
into the home language. Participants were assured anonymity with regard to the

information they would supply.

1.12 STRUCTURE OF THE THESIS

Chapter one has provided an overall picture of the study. The background to the
study and problem statement were discussed, the research aim stated and
research questions posed. For achieving the research aims five objectives were
identified. Finally, the research methodology, findings, recommendations ethical
considerations, value of the study, and structure of the thesis were briefly

presented
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Chapter two focuses on the details of the theoretical and conceptual frameworks,
that is, community, cultural wealth and ethno-mathematics) that anchor the study.
The operational terms used in the study are defined, and the related literature
reviewed. This assists in formulating main themes (constructs) that operationalise

the research objectives.

Chapter three describes the research methodologies used in generating the data
for the study. Participatory action research (PAR) was used as it matched well with
the theoretical and conceptual frameworks of the study. It allows participants to
contribute meaningfully to the study. Data collection procedures and ethical

considerations are addressed.

Chapter four discusses the analysis of data, presentation and discussion of the
findings of theoretical and empirical data. The critical discourse analysis is used in

analysis data so as to get the deeper meaning of the texts.

Chapter five explains how the framework of using indigenous games to teach
problem-solving was successfully implemented, and on the stages that must be

observed when implementing it.

Chapter six presents the findings, draws conclusions and makes
recommendations of the framework to teach problem-solving effectively. This is an
illustration of how the objectives were met, responding to the research aim and
research question.

1.13 CONCLUSION

This chapter has provided a background to the study, as well as posing the
research question, and outlining its research aim and objectives. The significance
of the study, ethical considerations and structure of the thesis were provided. It
provided the gist of the framework of using indigenous games to teach problem-
solving, that is, the research participants collectively formulated the framework,
and all had ownership of it. In ensuring sustainability the study included local

residents, that is, subaltern parents, community members and traditional leaders.
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The school community and society began to realise the knowledge they have is
rich in concretising mathematical concepts. The community’s cultural wealth
helped form a lens that assisted in inculcating the support of parents in formulating
the framework. The lens is consistent with the post-positivist paradigm, as it
placed the human beings at the centre. Again, it illuminates and validates people’s
background knowledge, and relies on people’ words as its primary data
(McGregor, 2010:421; Ryan, 2006:21), rather the viewing human beings as
objects to be manipulated and controlled and to reach hidden motives of the
researchers.
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CHAPTER 2

THE FRAMEWORK OF USING INDIGENOUS GAMES TO TEACH
PROBLEM-SOLVING

2.1 INTRODUCTION

The study formulates a framework towards the enhancement of problem-solving
skills in a grade 10 mathematics classroom using indigenous games as a strategy.
In pursuance of the aim, this chapter first presents both the theoretical and
conceptual frameworks as a lens through which to analyse and operationalise the
objectives. Yosso’s (2005:70) community cultural wealth was found to be the most
appropriate theoretical framework to launch this discussion because it talks to
issues of aspirational, navigational, social, familial, linguistic and resistance
capitals which are so central when analysing learning from the perspective of
subaltern people (Ladson-Billings, 2005:117; Odora-Hoppers, 2000:286) whose
cultural wealth has been marginalised in the learning of mathematics in particular
(Chilisa, 2012:40,41; D’Ambrosio, 2009:89; Ernest,1989:558,559;Mosimege,
2000a;457; Mosimege, 2000b:11; Y0ss0,2005:77-88). The discussion of the
above entails understanding the challenges faced by learners and teachers in
grade 10 mathematics classrooms when learning problem-solving skills, as well as
how they can be overcome using indigenous games as a strategy.

Once the theoretical framework has been clarified, as the chapter will proceed to
analyse  ethno-mathematics  (Chilisa, 2012:131; D’Ambrasio,2009:91;
Ernest,1989:556; Gerdes,2009:11; Mosimege, 2000a:456; Odora-Hoppers,
2000:285,290) as the logical conceptual framework within which to understand the
abovementioned challenges of learning problem-solving skills in a mathematics
classroom. It is within this conceptual framework that the use of indigenous games
in the learning of mathematics is thoroughly researched (Chikodzi & Nyota,
2010:3,4). Such a conceptual framework enables the study to demonstrate how
tacit community cultural wealth of the subaltern communities is rich with materials

for learning the much valued problem-solving skills in mathematics.
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The definition of the operational concepts, ‘problem-solving skills in mathematics
classrooms’ and ‘the use of indigenous games to enhance them’, will be provided
in the context of both the theoretical and conceptual frameworks referred to
above. Focus will be on the aspects of problem-solving such as patterns,
functions, as well as trigopnometry in two and three dimensions. Lastly, through a
review of the related literature from best practices of learning problem-solving
skills using indigenous games from the Southern African Development Community
(SADC), the African continent and internationally, the study will develop constructs

to be used when making sense of the empirical data in chapter four.

2.2 THEORETICAL FRAMEWORK AS A LENS THROUGH WHICH TO
ANALYSE AND OPERATIONALISE THE OBJECTIVES

The study is couched by community cultural wealth theory, interrelated (Lynn,
2004:156; Yosso, 2002:98,100,102) with other theoretical frameworks embraced
within critical theory. Importantly, as demonstrated Barker (2012:12), Lynn
(2006:20) and Stinson et al. (2010:44-46), it provides tools to examine inequalities
and their root causes, and to work toward development of frameworks aimed at
transforming the existed inequalities and crisis in education. Habermas, one of the
critical theorists, argued that critical theory also critiques capitalism and liberates
human beings from exploitation and expression. As the result, community cultural
theory is relevant for the research as it makes the marginalised communities
aware that the knowledge they possess is very rich in the teaching of problem-

solving.

On the other hand, community cultural wealth challenged the Bourdieuean cultural
capital theory that contends that the knowledge of the upper and middle classes
has esteemed capital value. In other words, if one is not born into a family unit
whose knowledge is already highly respected, then one accesses the knowledge
of the powerful class through formal schooling (Yosso, 2005:70). The
marginalised knowledge that learners and communities bring from home is

relevant for understanding and master problem-solving.
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2.21 Origin of community cultural wealth theory and the

operationalisation of the framework to teaching problem-solving

The research team utilises the community cultural wealth theory to operationalise
the objectives of the study, and to help understand the problems or crisis that
exists in the teaching of problem-solving. For the study to use the positivist
approach would be detrimental to reaching its objectives, as demonstrated by
McGregor and Murnane (2010:422), that in the middle of the twentieth century
Karl Popper and Thomas Kuhn challenged the scientific community regarding
human beings as objects to be researched in a controlled environment. Rather,
their hopes, values, expectations and feelings were divorced from the research
processes (Royal Lybeck, 2010:96), and positivists believe that knowledge is true
only if it was constructed by utilising scientific methods, by which data is derived
from experiments in controlled settings and human beings are detached from real
world of lived experiences and practices. The positivist paradigm dominates and
alienates the knowledge of marginalised societies. In the sense that human beings
are dehumanised they are seen as numbers to be manipulated rather than people

who have opinions and objections to be listened to.

The study therefore follows the post-positivist paradigm, appropriate to
demonstrate the objective of the study to identify the components of the solutions
to the challenges. Barker (2012:20) and McGregor et al. (2010:423) cited
Ponterotto (2005) and Zammito (2004) in illustrating that the term ‘post-positivism’,
originated in the 1960s, presumes that there are various ways of knowing rather
than commissioning scientific methods. It maintains that there is a place for the
voices and the key roles of the researcher and research participants in providing
possible solutions to the identified problems. In the post-positivist research
paradigm, human beings benefit from the research, and research conducted
happens in communities, that is, in natural settings rather than in experimental
settings (Barker, 2012:20; McGregor et al., 2010:424).

The community cultural wealth theory acknowledges the marginalised background
knowledge of subaltern communities in the teaching of problem-solving. The
strengths enable the research team members to formulate the components of the
strategy that effectively teach problem-solving. For the components of the strategy
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to succeed, Lynn (2006:23) argues that teachers and parents need to intertwine

the indigenous games and mathematical content embedded within the games.

Jordan (2003:186) and Aparico (2012:40,46) cited Paulo Frere (1998) and Mato
(2000) in contending that community cultural wealth is a powerful theory (Perez
Huber, 2009:706) as it works with subordinate or oppressed groups to better their
circumstances within society. Community cultural wealth embodies the principles
of democracy, whereby the opinions and knowledge of the marginalised are
valued. They further point out that the main problems the participants should deal
with is to combat against the power of the principal neo-liberal ideology that
offends against and attacks human nature while reproducing itself socially and
historically, threatening dreams, hopes and aspirations of disfranchised
communities. These include the rejections of other intellectual and cultural
practices and marginalisation of excluded communities. However, they noted that

the theory promotes the cultural capital of the poor and disenfranchised.

In addition, Perez Huber (2009:706 and Yosso (2005:69) posit that community
cultural wealth refutes the claim that marginalised communities are replete with
cultural poverty. Rather, community cultural wealth theory recognises and
validates the range of cultural knowledge, skills, abilities, and interactions retained
by socially marginalised communities. It affirms the value of the cultures of all
peoples, irrespective of their social class and socio-economic standing.

On the other hand, it can be noted that community cultural wealth theory draws
from critical theory. Backer (2012:202) and Sudersan (1998:254) argue that critical
theory runs against the dominance of science over other disciplines, as scientific
method ignores the human element, that is, personal reflection, insights, and bias.
Critical theory disrupts and challenges the status quo, by which human beings are
objects to be studied. This agrees with Stinson and Bullock (2012:47), quoting
Ernest (2010), when they argue that the teaching and learning of problem-solving
is designed to reshape the school mathematics so that it is empowering for all
marginalised people, and also edifying for the human spirit of all. By the same
measure, community cultural wealth theory validates and acknowledges the
marginalised knowledge possessed by the subaltern communities as powerful in

the teaching and learning of problem-solving (Lybeck, 2010:97, Y0ss0,2005:69),
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and validating teaching and learning of problem-solving as accommodating human

experience.

Early critical theorists, Max Horkheimer, Theodor Adorno, Herbet Marcuse and
Jugen Habermas, pointed out that positivism relegated freedom, beauty, justice,
peace and love. It is evident that community cultural wealth inducts the conditions
of comprehensibility, trustworthiness and credibility (McGregor, 2010:423;
Sudersan, 1998:260,263). They maintain that research conducted within critical
theory should not be neutral, value-free and unbiased, but be value-laden,
subjective, inter-subjective and value-driven within the critical paradigm (McGregor
et al.,, 2010:423). In addition, Chilisa (2012:46, cited in Guba & Lincoln, 2005)
contends that critical theorists wanted to rupture the hegemonic scientific methods
that see the world in one colour. The community cultural wealth theory was
considered an appropriate lens for the study as it empowers and emancipates the
marginalised communities. The background knowledge possessed by learners is
relevant in contextualising the subject matter in learning problem-solving. The
indigenous games played by learners in the homes are very rich in mathematical
content. For the components of the strategy to succeed, teachers and parents
need to intertwine the indigenous games and mathematical content embedded
within them (Lynn, 2006:23).

In order to derail the risks factors, Lynn (2004:162, 2006:18) and Yosso
(2002:100) evince that the experiences of learners must be central to the teaching
and learning of problem-solving rather than at the periphery, and learners,
teachers, and subaltern communities’ prior knowledge should be considered.
Teaching and learning of problem-solving be understood within the social activity
context (Stinson, 2012:40), and community cultural wealth theory seeks to
circumvent the repressive social structures and practices that scuttle the
components of the strategy. Community cultural wealth allows teachers, learners
and subaltern communities to see the wider social and political picture of problem-
solving that embrace emancipation and deconstruction of social phenomenon,
rather than perceiving problem-solving as a “White institutional space’ or

belonging to upper class of the society (Stinson et al., 2010;44; Yosso, 2005:70).
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It can be concluded that community cultural wealth theory assists the study to
realise its objectives, in the sense that the cultural practices of the marginalised
communities (playing of the indigenous games) are used in the teaching of
problem-solving. Also, the theory relates to interdisciplinary approach of or
Kimberle Creshaw (1995) and concept of intersectionality of Lynn (2004:156),
which helps the study to link the mathematical content to cultural practices. The
use of indigenous games to teach problem-solving will help the marginalised
communities to reaffirm and validate their indigenous games as an approach
appropriate to teach and learn problem-solving effectively. The cultural context of
the learners (Martinez, Saenz, Yamamura, 2010:131) is acknowledged and
emphasised. In order to concretise the abstractness of mathematical content, the

lived experiences of learners are considered in the learning of problem-solving.

In contextualising the problem-solving, Dika and Sigh (2002:48), Lynn (2004:162)
and Yosso (2002a:100) assert that parents are the first teachers at home, as they
better understand the familial environments and background knowledge of the
child. Similarly, Kellaghan, Greany, Murray (2009:120) and Yosso (2002a:142)
regard the valuable knowledge of parents as an extra resource in the teaching and
learning of problem-solving skills. The teaching of the problem-solving using
indigenous games is acknowledging the huge wealth of knowledge possessed by
the families and communities. Thus, the research team included marginalised
groups, such as parents and community leaders, so that their skills and abilities
could be used in extracting the mathematical content infused in the indigenous
games. It was anticipated that the community cultural wealth theory would help in
the analysis of the mathematical content embedded within the indigenous games,
and challenge myths about the abstractness of problem-solving and the
subordination of the background knowledge and lived experiences (Lynn,
2004:154; Stinson et al., 2010:46). The use of indigenous games in the teaching
of problem-solving should maintain and develop team members’ cultural identities,
formerly gagged and disempowered by suppressive theories or deficit-based
theories which lessen the role of social structures in the teaching of problem-

solving.
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2.2.2 Tenets of community cultural wealth theory

Larrotta and Yamamura (2011:76,77), Martinez et al. (2010:131), Perez Huber
(2009:710) and Yosso (2005:77) characterise six types of community cultural
wealth(CCW) theory, that is, aspirational, linguistic, familial, social, navigational,
and resistance, that learners may bring to school in various measure, irrespective
of their socio-economic status, rural or urban origins, ethnicity, race, or creed
(Mahlomaholo, 2010:16).

They are characterised as dynamic processes that build on one another,
interconnect and overlap, and make learners aware that the type of education they
receive from home can be used to understand the problem-solving skills in a
mathematics classroom. In teaching mathematical concepts they must be treated
in a manner that shows connectedness or integration of mathematical content
knowledge. It has been emphasised (DBE, 2011:5; DoE, 2003:3) that
mathematical content must be treated in a manner that shows progression within a
grade and within phases, with consideration of how to infuse indigenous
knowledge in the teaching of mathematical content. The theory posits that
previously marginalised communities, with the knowledge and skills they possess,
can be empowered through being connected to knowledge and skills gathered in

formal classes to be used fruitfully by learners in mathematics classes.

Each principle is now discussed in greater detail, particularly as it relates to the

study.

2.2.2.1 Aspirational capital

Aspirational wealth is the competency to maintain hopes and aspirations for the
future, irrespective of noticed obstacles (Yosso, 2005:78). A positivist approach
did give disadvantaged communities leeway to air their views in the research
process, buts human beings were regarded as object to be studied (McGregor et
al.,, 2010:423; Stinson et al., 2012:46). The critical theorists identified the
challenges imposed by the positivists on exclusion of the human element, and

social practices and ideologies that attempted to conceal asymmetrical power
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relations. They maintained that after the problem had been identified it should be
changed rather than merely talked about (Barker, 2012:66; Royal Lybeck,
2010:95; Stinson et al., 2012:46).

In the same way, the teaching of problem-solving underplayed or ignored the
background knowledge of the learners (Lynn, 2004:154; Yosso, 2002:96). As a
result, schools in the teaching of problem-solving work from the premise that
learners from subaltern communities possess inadequate knowledge of problem-
solving (Yosso, 2005:70). During the teaching of problem-solving the teacher
played a major role in transmitting the knowledge to the minds of learners, thus
the community cultural wealth through aspirational capital brought hope and
solutions that, regardless of barriers, allowed marginalised people to take charge
of their destiny and exercise their human right to participate in the emancipation
project (Moeketsi, 2011:155; Stinson et al., 2012:46).

As Mapadimeng (2011:253) and Moeketsi (2011:155) illustrate, regardless of their
cultural practices being relegated and ignored by colonial masters, ubuntu/botho
culture brought hope and light that their aspirations for community cultural wealth
espouse the courage that together more can be achieved, despite obstacles
faced. For Mahlomaholo (2010:16), learners from depressed and poverty-stricken
environment, despite the odds, are determined and remain focused in the learning
of problem-solving. During the process, learners are engaged in activities which
require thought, and it takes time to arrive at the correct solutions. As they have
the aspirational capital they can continue working on the activity until they arrive at
a reasonable solution. To analyse the mathematical content imbued in the
indigenous games, teachers and parents need patience with the learners so that

they have time to explore various options.

2.2.2.2 Navigational capital

Navigational wealth describes skills of manoeuvring through social institutions and
establishments or structures of inequality penetrated by racism (Yosso, 2005:80).
These are inner resources which one acquires without attending formal

institutions, including inborn qualities and skills that help one survive in hard times
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(Huber,2002:706; Ruthven, 2001:358; Tondi,2011:295). In the context of the
study, during the teaching of problem-solving learners are assigned activities that
require them to work independently of the teachers. In most cases, the activities
are learner-centred, with the teacher providing assistance only when learners are
stuck. The assistance provided is not straight to the answer, but the facilitator has
to ask questions that stimulate ideas to solve or work on the activity at hand.
Learners have to manoeuvre through how the mathematical formulae are
formulated, rather the teacher giving ready-made ones. This helps learners to use
their background knowledge to discover mathematics concepts, definitions and

axioms (refer to section 4.2.5).

2.2.2.3 Linguistic capital

Linguistic capital refers to the intellectual and social skills and experiences learned
at homes. At times, children turn up in schools with multiple language abilities and
communication skills, having been exposed to storytelling skills, such as listening
to and narrating oral histories, memorisation and attention (Moeketsi, 2011:150-
152; Tondi, 2011:294; Yosso, 2005:79). Thus, in the teaching of problem-solving it
becomes easy for learners to use their home language to describe the
mathematical processes and content illustrated by the playing of indigenous
games. For instance, learners can describe the process of playing kgati in any
language they feel comfortable with, and teachers can assist them through
scaffolding to write the process symbolically, using the mathematical symbols.
Learners need to be able to move from mathematical expressions and symbols to
describe the process verbally.

Essien and Setati (2007:217,218) found that learners struggle to comprehend the
teaching and learning of problem-solving in a language that is foreign to them or in
language that is not their mother-tongue language. This can be viewed as one of
the factors that contribute to underachievement in mathematical content by
learners in most rural schools. Language is important as it develops conceptual
analysis of mathematical processes and skills and ways of thinking about their
lived realities and everyday lives (Chilisa, 2012:57; Tondi (2011:295).
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2.2.2.4 Familial capital

Familial capital refers to cultural knowledge developed through interactions with
families and friends in sports and social community settings. It carries a sense of
community history, memory, and cultural intuition, and models lessons of caring
and coping, with moral support from the families and friends (Perez Huber,
2009:710; Yosso, 2005:79). Within the context of the study this allows parents and
communities to play key roles in the teaching of problem-solving. The team
members in the study were able to demonstrate affective domains, and as argued
by Mahlomaholo (2010:17), teachers and parents create a conducive learning
environment in the teaching of problem-solving, such that learners acquire
confidence through motivation, and sense of ownership of and control over their
own learning and themselves. Also, parents and teachers give learners advice on
how to cope with peer-pressure that might distract them from learning problem-
solving. Ultimately, learners will gain confidence in themselves, which boosts their
self-esteem (refer to 4.2.3 and 4.2.4).

2.2.2.5 Social capital

According to Perez Huber (2009:710) and Yosso (2005:79), social capital involves
the interactions in networks of people within the society. As they collaborate they
learn from others how to navigate through social institutions. The community takes
the responsibility of looking after its members, developing a sense of trust and
openness among in confiding on sensitive matters when they require assistance.
In most cases, the teaching and learning of problem-solving is approached from
the learners’ perspectives, with activities designed in such a way that they work
cooperatively in small groups. As they interact they learn from others and share
ideas. Peer teaching becomes very effective. Learners who are not following

certain mathematical concepts are still able to ask for clarification.

25



2.2.2.6 Resistance and resilience capitals

Mahlomaholo (2012:102) and Yosso (2002:93) argue that these cultural capitals
enabled learners to challenge instances of inequity, unfairness, discrimination,
oppression and marginalisation instituted against them. With the assistance of
navigational capital, learners exert pressure in challenging the societal practices
that promote social injustices. For Lynn (2004:154), they are demonstrated when
members of the community resist and challenge the hegemonic leaders who
unfairly oppress them. They are important forms of capital as they allow learners
to enter into debates that promote critical thinking, equipping them to raise
qguestions such as ‘why?’, and ‘how?’. For those instances during the class
discussion when the conclusion is reached that any number to power zero is one,

there must be a logical justification made.

2.2.3 Formats of community cultural wealth theory

The various theories, whether of community cultural wealth, critical race, feminism,
critical pedagogy, Critical Emancipatory Research (CER), bilingualism,
multiculturalism and Afrocentric curriculum, amplify the principles of critical theory.
They work collectively to fight for freedom for all, practising good democratic
values and principles, and equal distribution of power. Also, they fight to cleanse
society of the evils plaguing it, and challenge inequalities and any form of
subordination imbedded in social structures, practices and discourses (Lynn,
2004:162; Stinson et al., 2012:46; Sudersan, 1998:254). They serves as a guide
for teachers and practitioners to reveal and confront all forms of racial inequality,
which are hidden as “impartial” and “objective” structures, processes, and
dialogues of mathematics curriculum content. The community cultural wealth
theory as a framework draws strengths from other convergent critical frameworks
used to tackle any form of subordination in the teaching and learning of problem-
solving (Perez Huber, 2009:705; Yosso, 2002:93,102; 2005:70).
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The collaborative styles of different theoretical frameworks gives strength in
collectively addressing the challenges of teaching problem-solving, rather than the

teacher alone crafting solutions to the identified challenges.

2.2.4 Epistemology, ontology and implementation of the framework to teach

problem-solving

The theoretical framework adopted falls within the post-positivist paradigm that
maintains that knowledge is authentic if it can be transformed into practice that
empowers and transform the lives of the subaltern people (Chilisa, 2012:36),
unlike the positivist view that knowledge is true if it discovered ‘out there’ by using
scientific methods (McGregor et al., 2010:423). Thus, the study used community
cultural wealth theory that perceives the truth as instituted in the context, that is,
social, historical and cultural habits. The theory postulates that knowledge is
emancipatory, generated around critical probing the way things have always been
figured out (McGregor et al., 2010:431). For Barker (2012:20), knowledge is
perspectival in character, and allows multiple viewpoints. Thus, in the teaching of
problem-solving, the interactions between teachers and learners and between
learners and learners are emphasised, so as to generate multiple ‘knowledges’, to
help learners more easily understand the subject matter under discussion. Stinson
et al. (2012:44) cited in Lerman (2000) contend that teaching and learning of
problem-solving is conceptualised within social activity context, hence the
marginalised knowledge of learners is considered in making mathematical content

more accessible.

The theory allowed the study to include teachers, learners, and community
members in the teaching of problem-solving. As Yosso (2005:69) argues,
community cultural wealth shifts away from an insufficiency view that communities
of colour are places disadvantaged by deprivation, and instead focuses on and
learns from a wealth of knowledge, skills and capabilities captured by socially
marginalised people. There are multifarious realities modelled by human rights
values, democratic and social justice values, and political, cultural, race and

gender values. Human beings have the ability to exercise jurisdiction over social
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arrangements and institutions to generate new reality and actuality (Chilisa,
2012:40; McGregor et al., 2010:432). As a result, the theoretical framework
acknowledges the use of indigenous games to teach problem-solving as an
appropriate  way to discover multiple realities for learners to understand
mathematical concepts and content. For Alaranta (2006:2), the community cultural
wealth allows the collaboration of teachers, parents, district officials, and learners
in the teaching of problem-solving, and empowers them with self-belief.
Consequently, they have confidence and the will to conduct research on their own
reality, using their ways of knowing, and to use research findings to embark on

positive social change (Chilisa, 2012:235).

2.2.5 The role of the researcher, relationship with the research participants

and the framework of teaching problem-solving

According to Solorzano and Yosso (2002:37), the theoretical framework of
community cultural wealth uses multiple methods to access knowledge, often the
unconventionally excluded as an official part of academia. For instance, the
researcher and the participants are part of the research processes, that is, they
are means to an end (Stinson et al., 2012:42; Sudersan, 1998:256). For Chilisa
(2012:22) cited in Weber-Pillwax (2001) and Ercikank and Roth (200:15), the
method used in the research should help to build respectful relationships between
the research topic, participants and the researcher. In developing the framework
the researcher was careful not to use personal powers to suppress or marginalise

the lived experiences of the participants.

In addition, post-positivism seeks truth of knowledge through experiences and
perspectives (Dodson & Schmalzbauer, 2005:955) of the research team, that is,
research participants and researcher. Community cultural wealth theory accepts
that the experiential knowledge of subaltern people is justifiable, legitimate,
suitable and critical to understanding and analysis of problem-solving. Bungane
(2014:33) and McGregor (2010:423) recommend that the researcher and the
research participants operate as equals, to think, interpret and create meaning

mutually towards the attainment of the goals set under the objectives of the
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framework. Human beings (researcher and participants) are key to research
activities and processes, rather than isolated from it, so research partners such as
parents, teachers and learners work collaboratively in the teaching and learning of
problem-solving. Bungane (2014:33) cited in Mahlomaholo & Netshandama
(2013) and Nkoane (2006) regard the role of the researcher as that of a convenor

who creates spaces in which people can work on a solution to the problem.

2.3 CONCEPTUAL FRAMEWORK AS A LENS THROUGH WHICH TO
ANALYSE AND OPERATIONALISE THE OBJECTIVES

The conceptual framework guiding the study is ethno-mathematics, a domain seen
as the interplay between culture and mathematics. It is the study of the
mathematical practices of cultural groups over the course of their daily lives, and
mathematical ideas observed within a culture before being treated formally by
western-style mathematicians (Chikodzi & Nyota, 2010:3); D’Ambrasio,
1999:132,143; Murray & Tillett, 2011:172). The link between mathematics and
culture helped rural Shona learners see and appreciate the relevance of
mathematics in their day-to-day lives (Chikodzi & Nyota, 2010:4). Rowlands and
Carson (2002:84) state that the focus of ethno-mathematics is on cultural groups
and people creating their own mathematics out of their everyday lives, rather than
teaching and learning it as a formal academic discipline.

2.3.1 Origin of ethno-mathematics and operationalisation of the framework

to teaching problem-solving

In operationalising the objective of the study to understand the challenges in the
teaching of problem-solving, the philosophical basis for ethno-mathematics is
elucidated by examining Wittgenstein's philosophy (Vilela, 2010:356). The radical
change by Wittgenstein against relativity theory of Einstein is perceived as the
solution to the identified challenge of objectifying human knowledge (McGregor et
al., 2010:424). In the 1930s, Wittgenstein's theory was reinforced by neo-

positivism (Penco, 2010:5), hence his reluctance to endorse scientific points of
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view that mathematics was a product not a process (Vilela, 2010:345). Further,
Relativity theory takes the role of scientific laws, with truth determined by fixed
rules and procedures that do not accommodate social or human perspectives. As
a result, Wittgenstein was dissatisfied with the problem of rule-following, which
forms the foundations of mathematics. He took a radical stance, that learning of
problem-solving meant being able to see the truth in problem-solving in different
ways (Penco, 2010:11-12). This confirms Vilela’s view (2010:356) cited by
Gottschalk (2008) that Wittgenstein‘s philosophy perceived the truth in problem-
solving as practical and concrete to life situations, that is, a broadening of
meanings and humanistic focus (Overgaard, 2005:250; Vilela, 2010:349) are
considered, rather than fixed interpretations. It can be noted that Wittgenstein's
radical stance against the notion of viewing rules as incisive and metaphysical was
replaced by accommodative solutions. Solutions embrace problem-solving as a
social practice, that is, practice that involves contextual factors, and also use

language as a means of expressing knowledge (Vilela, 2010:348).

Penco (2010:11) and Vilela (2010:346) show that Wittgenstein’ s philosophy is
associated with ethno-mathematics such that meanings are not fixed or
predetermined, and quoted the claims of D’Ambrosio (1999) and Barton (1998)
that ethno-mathematics is a humanistic domain. The study adopted ethno-
mathematics because it gives voice to the learners when faced with a challenging
situation during the teaching and learning of problem-solving. Learners are more
able to invent solutions than to teach learners how to find solutions to activities for
problem-solving (Alexander & James, 2005:17; D’Ambrosio, 2009:94-96).
Consequently, ethno-mathematics is an appropriate lens through which to affirm
the marginalised knowledge of subaltern communities (Lynn, 2004:155; Yo0sso,
2005:70) in the mainstream curriculum of mathematics. Also, the conceptual
framework is used to uncover the deficit-informed research that suppresses and
distorts experiences of excluded communities (Sol6rzano & Yosso, 2002:37).

Ethno-mathematics and Wittgenstein are associated with Lave’s notion of situated
learning (Overgaard, 2005:251; Vilela, 2010:356), whereby situated learning is
regarded as the disagreement between mathematics as an end product or domain

of knowledge and as process, displayed in the mathematical activities or events of
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an academic or layperson in everyday situations, that is, mathematics as used in
diverse practices. In addition, D’Ambrosio (2009:94) points out that viewing
mathematics as a product or Platonist approach is dominated by memorising
formulae, such that learners master the instruments to find correct answers.
However, the challenge of this approach is that the understanding of problem-
solving is deficient, hence Mukhopadhyay’s (2013:100) contention that ethno-
mathematics incorporates culturally embedded mathematical practices into school

mathematics.

2.3.2 Epistemology, ontology and implementation of the framework to

teach problem-solving

As indicated above, ethno-mathematics is informed by the principles of
Wittgenstein‘s philosophy in which meanings are broadened by humanistic
elements (Vilela, 2010:349). This suggests that the knowledge is relational, and is
guided by a set of numerous relations that one has with the universe (Chilisa,
2012:40). Also, McGregor et al. (2010:423) point out that there are many more
ways of knowing than using scientific methods. Humans are central in the study,
as their voices are listened to. The framework of using indigenous games to teach
problem-solving validated the knowledge of teachers, learners, and subaltern
communities in constructing mathematical concepts. Thus, problem-solving
knowledge is generated through inductive reasoning (McGregor et al., 2010:425).
The patterns and commonalities, placing experiences in words displayed by
various indigenous games are critically analysed, so as to uncover hidden

mathematical concepts.

On the other hand, the ontological stance of ethno-mathematics is the same as
that of the theoretical framework, confirming Chilisa (2012:36) quoting Neuman
(2010) that reality is created by social location. Various versions of reality are
validated and recognised, and reality has multifaceted layers, the surface and
deep structures being indiscernible. Ethno-mathematics helps to unmask the deep
structures. McGregor et al. (2010:426) contend that ethno-mathematics as the

conceptual framework can be used to search for meanings in distinct cultural and
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social contexts, as opposed to using general laws (Sudersan, 1998:263). The
general laws are used to marginalise the wealth of knowledge possessed by the
subaltern communities in accessing mathematical content, as argued by
Solérzano and Yosso (2002:37) when they point out that experiential knowledge
of excluded people is legitimate, justifiable, suitable and critical to understanding

problem-solving.

2.4 DEFINITION AND DISCUSSION OF OPERATIONAL CONCEPTS

This section defines and discusses operational concepts that are used in the

study.

2.4.1 Teaching of problem-solving in the grade 10 classroom

According to Grinstein and Lipsey (2001:69,70) in the Encyclopaedia of
Mathematics Education, Posamentier and Kruik (2009:1) and Stacey (2005:341)
indicate that 1989 National Curriculum of Teachers of Mathematics (NCTM)
revised their mathematics curriculum with focus on mathematics as problem-
solving, and is at the heart of mathematics. More importantly, problem-solving has
been an integral part of mathematics throughout recorded history. Teaching of
problem-solving focuses on instruction in mathematical concepts, which can be
instructed in three stages, that is (i) concrete, hands-on or enactive; (ii)
representational, pictorial, graphic of as mathematical concepts; and (i) as

mathematical concepts in words, symbols and abstract information.

Thus, the teaching of problem-solving in a grade 10 mathematics class is inspired
by constructivist theory and situative theories of learning, the latter of which
defines learning as active participation in socially organised activity, as the
principal content of what is to be learned is not given but must be discovered by
learners. In this way learning is made meaningful to learners. Both theories can be
viewed as interconnected and interrelated, as learning involves both creation and
enculturation (Koellner, Jacobs, Borko, Schneider, Pittman, Eiteljorg, Bunning &
Frykholm, 2007:278).
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2.4.1.1 Problem-solving

As shown by Bayazit (2013:1920), Mamona-Downs and Downs (2005:386), and
Posamentier and Kruik (2008:4; 2009:2), problem-solving mean different things to
different people. It may be considered as a topic of instruction, that is, as a subject
in the Mathematics curriculum that must be taught to children in the same ways
that multiplication, long division, and percentages are taught. It is a subject for
study in and of itself. Stacey (2005:345) defined it as teaching content for later use
in solving mathematical problems, for and through problem-solving. It could be
teaching standard mathematical content by giving details to unfamiliar problems
and teaching heuristic strategies to enhance overall skills and ability to solve

problems, or teaching about problem-solving.

Others view problem-solving as a mode of instruction, using problem-solving as
the underlying thread to unite all the mathematics taught. It provides a rationale for
teaching the skills of arithmetic. It may be used to conceptualise problem-solving
as a way of thinking, as learners cannot expect to learn to be problem-solvers
without careful structure of the process. Although some intuitively may be good
problem-solvers, most must be taught how to think, how to reason, and how to

solve problems.

As stated in this section 2.4.1.1, above, problem-solving is considered a topic of
instruction or mathematical curriculum to be taught to learners. This is the
definition that will guide the study in conceptualising the problem-solving. In the
study the problem-solving and mathematical content or topics are used
interchangeably. The DBE (2011:9) and Grinstein and Lipsey (2001:648) outline
the following problem-solving, which the research team in the study considers in

using indigenous games to teach them:

Algebra: is part of a mathematics curriculum in which the use of variables

to represent situations is a main focus.
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Functions: learners learn to model real-world events and represent

equations with graphs of functions.

Geometry from a synthetic perspective: the focus is on application of

geometric properties of figures used to model situations.

Geometry from algebraic perspectives (analytical geometry): this
involves more of a coordinated geometry approach and encompasses

transformations and working vectors.

Trigonometry: among other content, the learners focus on application of
trigonometry to solving problems involving triangles and periodic situations

using sine, cosine, and tangents functions.

Statistics: all learners expand their ability in using statistics to include
drawing inferences. Also, they have an understanding of randomness and

an ability to use simulation to generate or estimate probabilities.

Moloi (2013:192) and Vankus (2008:112) show that in the course of playing of
learners actively convey their mathematical knowledge and skills needed to play
the game. The language used in the play of indigenous games epitomises the
algebraic, functional and geometric meanings. For instance, the play of diketo
shows the relationship between the throwing of a stone into the air and the
number of stones scooped out and placed in the hole. The play of kgati
demonstrates repeated patterns demonstrated by play. All these practices touch

on problem-solving, as mentioned above.

The next three sections illustrate how the teaching of problem-solving has

evolved.

2.4.1.2 Teacher-centred problem-solving

Teacher-centred problem-solving is informed by Skinner's behavioural theory,
which elucidates learning as a well-structured behavioural responses to physical
stimuli. It includes stimulus or reinforcement approaches to learning, and

emphasises behaviour as the ultimate result of learning (Meko, 2013:24). Skinner
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defines two categories, as positive reinforcers and negative reinforcers. The
positive are the stimuli that tend to increase the probability that a particular
behaviour will be repeated or strengthened when presented, while the negative
stimuli are those that when removed tend to strengthen the behaviour.

This type of teaching regards learners as empty vessels that the teacher fills with
information. The activities are teacher-centred, as he or she is playing an active
role and learners are passive. In most cases, the teachers seek correct answers to
confirm their progress in problem-solving. In a way, these assumptions of
behaviourists violate the principles of ethno-mathematics (Vilela (2010:357), in that
the learners’ environmental background is rich in mathematical content embedded
within indigenous games. The teacher assumes power in the teaching of problem-
solving and suppresses and silences learners’ lived experiences in the classroom
discourses (Lynn, 2004:154; Yosso, 2002:100).

Fosnot and Perry (2005:38) and Meko (2013:25) write that educators using
behaviourist framework maintain observations, listening to explanations from
teachers that result in effective learning of problem-solving. Teachers using this
theory explain mathematical content on the chalkboard, while the learners are
attentively observing and listening. The major part of the lesson is carried out by
the teacher, whilst to a great extent the learners’ creativity is suppressed (Lynn,
2006:21). As indicated in section 4.3.1, this approach makes it difficult for learners
to comprehend abstract mathematical concepts as they are not given chance to

explore or create their innovative thinking around the matter.

This theory contradicts the principles of community cultural wealth, that is, it
oppresses and marginalises the wealth that learners own. In addition, Nasir, Hand
and Taylor (2008:208) contend that social justice factors such as equity and
freedom should be respected in the teaching of problem-solving. Nasir et al.
(2008:188) cite the NCTM standard that “Eminence and excellence in
mathematics education requires equity—high expectations and immerse
assistance to all learners”, and as learners learn by connecting new ideas (new
mathematical content) to prior knowledge or background knowledge it is
imperative for the teacher to be familiar with such wealth resource of knowledge.
The lessons need to respond to and build on this knowledge rather than forcing
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the new mathematical content knowledge into the minds of learners. Also, learners
are heavily dependent on the teacher to construct correct answers to problem-

solving,

2.4.1.3 Cognitive theory in the teaching of problem-solving

Burgos (2007:152) and Ojose (2008:29) indicate that cognitive theory by Piaget
views children’s development as occurring through a continuous transformation of
thought processes. Children improve progressively and gradually right through the
changing stages and experiences in one stage form the foundation for movement
to the next. All children pass through each stage before starting the next one, and
none skip any stage. Older children, and even adults, who have not progressed to
the succeeding stages process and administer information in ways that are typical
of young children at the same developmental stage.

Campbell (2006:8) and Meko (2013:25) state that cognitive theory signifies to a
learner’s characteristic preferences for thinking, perceiving, managing and
recalling information. It makes an assumption that human beings are logical, with
the capacity to think for themselves and make meaning out of what they see. In
this theory, learners in the teaching problem-solving are viewed as active

participants in the learning process.

In this study, the thinking and processing of information is not done in a linear
way, as the theory suggests, but rather by adopting navigational capital (Yosso,
2005:80), which gives learners freedom to manoeuvre and explore multiple
dimensions (Lynn, 2006:19) of mathematical contents infused in indigenous
games. They are taught in the higher grades (refer to section 4.3.2), when
learners discover that where the second and third difference are constant they use
quadratic and 3 degree. Kauchak and Eggen (2012:xi) and Lynn (2006:19)
contend that the instruction of problem-solving lies in learners’ different
perspectives. This suggest that they need not be restricted in their navigational
skills, rather than allowed to exert a remarkable degree of control over their

learning of problem-solving. Lynn (2006:19) cites Ferreira (2002) in claiming that
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learners by their nature have the aspirational capital that give them the possibility

of hope as they are engaged in navigational exercise.

2.4.1.4 Constructivist theory as learner-centred teaching of problem-solving

Constructivism  understands learning as an interpretive, recursive,
multidimensional building process by active learners intermingling with their
surroundings ecology, the physical and social world. It is a theory of learning that
depicts how systems, language, activity, and meaning-making come about,
instead of simply characterises the structures and stages of thought, or isolates
behaviours learned through reinforcement. It is a theory grounded on the
sophisticated models of evolution and development (De Corte, 2012:35; Fosnot et
al., 2005:8).

There is a strong interaction between learners if they learn in collaboration. The
activities are learner-centred and teachers regard learners as thinkers and
knowledge constructors. The teaching of problem-solving is interactive, mediating
the environment with learners. De Corte (2012:36) believes that this guarantees a
good performance of learners in problem-solving, whilst Yosso (2002:96) contends
that the knowledge of learners is viewed as powerful in the learning of problem-
solving. At the same time, the teacher considers learners’ knowledge and these

conceptions are for use in subsequent lessons.

This theory amplifies the principles of community cultural wealth, as learners are
not restricted in their thinking (DoE, 2003:61, 62) in analysing the mathematical
content embedded in the indigenous games. The DoE (2003:3,61; DBE, 2011:8)
and Kauchak et al. (2012:ix) add that in the teaching and learning of problem-
solving the teachers must have high expectations of the learners. The use of
indigenous games as a teaching strategy for problem-solving allows learning in
the classroom to be maximised. This is in line with the ‘centrality and
intersectionality’ concept in community cultural wealth theory, positing that the
marginalised knowledge of learners and parents on problem-solving needs to be
put at the centre and at the same time affirmed equal status to other knowledge of
the ones in power (Lyn, 2004:162).
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2.4.2 Using Indigenous games to teach problem-solving

The underlying principles of using indigenous games to teach problem-solving are
anchored in views of problem-solving as a humanistic discipline (Grinstein et al.,
2001:332), and community cultural wealth theory (Doug, 2004:250; Yosso,
2005:70) Presently, in most schools, the humanistic dimension is often limited to

its private world.

Thomson and Chepyator-Thompson (2002:54, 55) and Osborne (2009:1) indicate
that the study of games is a branch in mathematics known as ‘game theory’ that
aims to assist researchers and research participants to comprehend situations in
which decision-makers interrelate and network. A game is a practical activity that
consists of sets of moves between players. The players in a game compete with
each other according to a set of rules. In the context of this study the focus was on
indigenous games, and analysis of mathematical concepts embedded in them was
made by learners. In using the indigenous games to teach problem-solving it was

anticipated that the challenges faced by learners could be minimised significantly.

According to the Department of Sports and Recreation (2006:1), an example of
indigenous games commonly played in South African schools include
Morabaraba, Dibeke (refer to section 4.3.1 examples listed by learners), and they
develop the following skills: socialising, ability to strategize, team work, accuracy,
coordination, speed, concentration, coordination, rhythm, high levels of fitness,
ability to catch, and recreational activity.

Thomson and Chepyator-Thompson (2002:55) view strategy as organised steps
which a player intends to adhere to while playing a game, with which one must
demonstrate certain knowledge or skills. If knowledgeable about the rules the
skills gained correspond to mathematical skills or knowledge, such as the resulting
outcome, which cannot be predicted in advance. Mathematically it can be
described in terms of a statistical notion of average or expected value, for
example, a two-person, zero-sum game. For Murray (2000:113) people are
reconfigured by global economics and the world system, so postmoderm cultural
globalisation also reshapes the dimensions of knowledge, erasing and rearranging

disciplinary boundaries.
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On the other hand, the empiricist approach or new wave adopts a descriptive view
of problem-solving, as consisting of a motley array of human activities driven by
goals, intentions and purposes. Problem-solving is viewed as the humanistic
activity practiced by all cultures, amplified and challenged over time through social
interaction, and thus opens to change. It has its roots in culture and it is advisable
that mathematics practitioners take examples from cultural contexts or through the
use of indigenous games (Ernest, 2006:556,558; DBE, 2003:9; Gerdes, 1998:36;
Barton, 1996:201-233; O’jose, 2008:29).

This new perspective of mathematics maintains that human context is key to
problem-solving. D’Ambrasio (1999:139) and De Corte (2012:34) contend that
there is a “mathematics community” which must reach out to the whole
community, that is, parents, learners, teachers and other members, or the decline
in mathematics performance will continue. The abovementioned scholars espouse
a process-oriented view of mathematics with heuristics as central. The
mathematics curriculum delivered by the practitioners of this view would consist of
exposition and practices enriched with occasional problems for motivation or
application (Ernest, 1989:558).

2.5 FRAMEWORKS ON INDIGENOUS GAMES IN PROBLEM-SOLVING

This section reviews the literature from the best practices of learning problem-
solving skills using indigenous games from South Africa, Southern African
Development Community (SADC), the African continent and internationally. The
discussions will be given with respect to each of the five objectives and criteria
formulated which succinctly explain each one. These constructs are to be used in

chapter four when making sense of the empirical data.
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2.5.1 Challenges in the learning and teaching of problem-solving

In this section, the challenges in the teaching and learning of problem-solving will
be discussed, with reference to the best practices of teaching and learning
problem-solving as articulated by the educational policies and theories of learning.

2.5.1.1 Content is too abstract in the teaching of problem-solving skills

According to Chilisa (2012:57) and Lynn (2006:21) it is clear that the cultural
wealth that learners brought from home is relegated to the margins of the
classrooms in the learning of problem-solving. The navigational capital affords
learners an opportunity to understand their environmental background and
contexts easily. In the same vein, the manner in which problem-solving is taught in
school tends to lead teachers to ignore the cultural background and context of
learners. As a result learners do not comprehend the presented mathematical
content (Anthony, 2009:153).

The DoE’s (2003:2) National Curriculum Statement (NCS) states that in order to
convey precise meanings to the teaching of problem-solving its content should not
exist in isolation from the context of the world in which the learner lives. Campbell
(2006:2) cited in Keller (2000) and Graven & Schafer (2013:4) added that it is
important to affirm what learners know from their home environment, so that it
becomes easy for them to acquire problem-solving skills added to what already
exists in their knowledge schema. This will assist learners in the subaltern

community to gain access to mathematics with regard to problem-solving skills

Similarly, the DoE (2003:2) through outcomes-based education (OBE) principles,
and Su et al. (2013:2) assert that prior learning needs to be recognised in the
teaching of problem-solving skills. This helps to integrate the new knowledge to
the cultural background knowledge gained through interaction with the society.
New knowledge taught in class to learners is easily concretised. In such instances
the teaching and learning of problem-solving skills do not rely solely on prescribed
textbooks, but diversified on various teaching and learning materials, which

include hands-on activities. Such activities stimulate the mental thinking of the
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learners to contextualise knowledge and retain the gained information for longer
duration (Tulving, 1985, quoted by Campbell, 2006:7). The gained knowledge on
problem-solving skills is applied to unfamiliar problem-solving skills with which
learners are confronted in an authentic environment. Grinstein el at (2001:332)
contend that the teaching of problem-solving should reflect the humanistic
dimension, which is often limited in the content of problem-solving. In most cases,
teachers focus on content in an abstract way such that learners do not have

access to the mathematical parts.

2.5.1.1.1 Lesson preparation

The lesson preparation is important in presenting a lesson in a coherent manner,
and covering all the details to be carried in class. Details such as the objectives of
the lesson, all the material content and the resources to be used must be in place.
In lesson preparation, the teachers are able to conceptualise and reflect on
theories of learning that guide it. In the teaching of problem-solving, teachers need
to be aware that not only mental structures be considered, but also the
sociocultural views of the learners. For instance, the constructivists elucidated that
the learning process has allowed learners to construct new knowledge using the
prior sociocultural knowledge. Learning is cumulative, which allows learners to link
the new knowledge to their lived experiences (De Corte, 2012:35; Kellner, Attorps,
Theron, Tarneberg, 2008:257; Perez Huber, 2009:710).

The content of problem-solving is taught at the abstract level, where it becomes
difficult for learners to get the gist of the matter. The challenge is lack of time to
create a plan on what materials and resources to use in class. The method used is
not even their own, and does not consider the sociocultural views of the learners.
It not enough to concentrate on mental structures of learners. As learning is
cumulative it is important for the teacher, during the planning sessions, to consider

the lived experiences and surroundings of the learners.
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2.5.1.1.2 Classroom presentation

According to Anthony and Walshaw (2009:153), the DoE (2003: 14), Keeley and
Tobey (2011:10) and Situation Analysis and interpretation of Outcomes Module
(2007:49), classroom presentation is the interactive or teaching phase of a lesson,
in which the actual teaching and learning, the execution of activities, and
assessment take place. In the classroom presentation there are clear roles that
must be performed by the teacher and learners. The roles are informed by the
detailed tasks to be performed in class, guided by the lesson outcomes to be
demonstrated by learners at the end of the lesson. For active participation of
learners during the lesson presentation various teaching methods and clear
activities, resources, as well as teaching media or teaching aids should be used
throughout. Also, the various forms of continuous assessment are effectively
applied in ensuring that learners can demonstrate the outcomes. It is expected
that the teacher engage all learners in appropriate tasks that elicit deeper thinking
and self-discovery. This will assist in sustaining the interest of learners to probe for
logical answers and in turn learners will acquire high order knowledge on the

problem-solving skill (PSS).

On the other hand, Jones, Jones and Vermette (2010:846) warn the teachers
should refrain from ‘getting the task out of the way’. Rather, the presentation
should be designed in a way that it promotes self-discovery from the learners.
They also complain that many teachers tend to teach continuously, without
stopping, with learners given limited time to interact or forced to remain passive
throughout the learning sessions. This type of lesson presentation encourages
learners to learn by memorisations, that is, without deep understanding.

2.5.1.1.3 Assessment of activities

According to Ahmed Al (2006:125), assessment for learning and assessment as
learning occur throughout the learning process, and learners are engaged in
assessment in a more active way. It is expected that the teaching and learning
process on the problem-solving skills forms an integral part in checking the

understanding of learners continuously, and that they are engaged in the
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assessment process. Assessment is a activity of generating and collecting data
and shed light on learners’ results in order to determine their growth in learning
problem-solving skills (PSS) and to make informed judgement about the learner’'s
performance (DoE, 2003:63, 2007:5). It is expected by DoE policies and Ahmed Al
(2006:125; McMillan, 2004:4) that assessment take many forms or that it be
multidimensional in gathering information from several contexts, thus enabling
learners to be critical connectors between learning and assessment. Teachers
have the overall responsibility to assess the progress of learners in achieving
lesson outcomes (Keeley & Tobey, 2011:3) and finally demonstrate the critical
outcomes. Even for learners who experience barriers to learning of problem-
solving skills (PSS) can be assisted adequately. This implies that assessment
must be a continuous process in teaching and learning (DoE, 2003:14).
Assessment is made before commencing the lesson presentation or pre-
assessment teaching (Youdalle, 2010:30), during lesson presentation and during
the reflection phase. Thus, the manner in which assessment is made or
understood by teachers is designed to ensure that learners make connection
between new ideas and prior knowledge. In this way, the quality assessment is
key for making informed decision about the progress of learners (Keeley & Tobey,
2011:4).

2.5.1.2 Method of teaching is teacher-centred

Teaching methods have a real and pervasive effect on learning. It is expected that
teachers use variuos teaching modes, making class becomes vibrant and
encouraging the learners to ask questions and share inputs with other learners
and the teacher. Learners should demonstrate the achievement of critical
outcomes, in which they learners cooperate effectively with others as a team , and
it is the responsibility of the teachers to reflect and explore a variety of strategies
for learners to learn effectively. Several teaching approaches focus on different
learning outcomes, whilst OBE inspires a learner-centred method and hands-on
activity to the teaching of problem-solving skills in the mathematics curriculum in
all grades (DoE, 2003:2; Samuelsson, 2010:36; Thomas & Brunsting,
2010:25,27).
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The use of collaborative learning allows learners to interact among themselves to
share their prior learning, so that it be can be linked to the new content with which
they are engaged. The lesson will be easily followed by learners, as the activities
are learner-oriented. On the other hand, it is still expected of the teacher to model,
that is demonstrate the key issues, thus allowing for a review of the lesson
presented with the learners. By so doing the teacher will be empowering learners,
allowing them to discover and reflect on realistic experiences. As Mahlomaholo
(2012:102) and Nkoane (2012:98) argue, this is a way of empowering the
excluded ones and giving a voice to the voiceless. This type of teaching approves
the learning styles of learners, and also shows that the teacher is using their

perspectives.

Teachers have defended their use of the teacher-centred approach in the teaching
of problem-solving, because learner-centred methods takes time to complete the
planned class activities and learners may be reluctant to participate in class
discussions. Van de Walle et al. (2010:2,3) suggest that the classroom culture
restored in the teaching and learning of problem-solving has to afford learners
opportunities to learn problem-solving with understanding, such that they are able
to build new knowledge from experience and prior knowledge. The teacher has to
understand that mathematics is a human endevour (DoE,2003:62), whereby social

construction of ideas is filtered in problem-solving.

2.5.1.3 Lack of motivation among learners

According to the DoE (2003:2), Johnston (1996:23, 31), and Waege (2009:83, 84)
the progress of learners during the learning process embraces a three-way theory
of the mind, namely, emotions, thoughts and behaviour. OBE one of the principles
of the NCS is emphasis on teaching and learning as holistic, in the sense that
teachers need to reflect and assess all the facets of learners development in the
learning process. On the other hand, it involves being aware that effective
teaching is about not only knowledge and skills acquisition but also the influence
of affective domain, which examines how learners perceive their capacity to learn.

It is therefore imperative for the teachers and learners to understand that
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appreciation and acknowledging the worth and importance of oneself is key. This
will boost the self-esteem and self-efficacy of learners (Campbell, 2006:12, 13,
Williams & Forgasz, 2009:95).

The above argument suggests that all parties, especially teachers, learners and
parents, need to support learners in the process of teaching and learning the
problem-solving skills. When assessing, forms have to help assessors not only
establish how well learners performed but also determine their needs. In turn,
learners will develop interest and enthusiasm to engage in class deliberations and
activities. If they are motivated, either extrinsically or intrinsically, then values of
sharing, caring, self-discipline, acknowledging one’s own competencies, and
cooperation between individuals in classroom will arise. Mahlomaholo (2010:13)
and Vankus (2008:106) contend that it is expected of the teachers in the teaching
of problem-solving skills to create, construct and maintain a sustainable
empowering learning environment, in which the teacher shows that learning
content is flexible in terms of time. When learners are struggling to understand
concepts of PSS, the teaching time can be extended to accommodate the
individual concerns and needs. This will encourage learners to work at their own

pace and harder.

It is evident that once learners are not motivated in learning problem-solving it
becomes difficult for them to cooperate with the teachers in effectively learning
problem-solving skills. Hence, the teacher has to look at the child in totality,
including his/her immediate background environment, as stimulating the child’s
interest in the topic as it relates to what learners like about it most (Hodkinson,
2005:111).

2.5.1.3.1 Class patrticipation

The DoE (2003:3, 4; 2005:8), Jansen et al. (2014:61) and Kellaghan et al.
(2009:1) envisage the type of learner who is instilled with the values and acts in
the interest of society, based on respect for democracy, equality, human respect
and dignity and social justice factors. During class participation, these values must

be demonstrated by learners for sustainable learning (Jones et al., 2011:845;
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Mahlomaholo, 2010:13). It is the responsibility of the teacher to create an enabling
environment that helps learners to stay motivated and focused, so as to achieve
the critical outcomes such as using problem-solving skills, science and
technology, and demonstrate critical responsibility towards the learning ecology

and the health of others.

In promoting motivation and self-esteem among learners in class, the teacher has
to ensure the teaching of problem-solving skills illustrates the importance of
cultural practices of individuals, and self-discipline with regard to respecting the
views of other learners in class. Encouraging learners to acknowledge multiple
realities enables them to participate optimally, hence their interest in problem-

solving skills is generated and self-esteem is boosted.

Thus, it becomes imperative that the teacher has to teach the learners in totality,
that is, not focusing only on the intellectual domain but also on the affective
domain and sociological environment (Ambrose, Bridges, DiPietro, Lovett,
Norman, 2010:187). In this manner, the level of classroom participation is
enhanced, and affords different learners an opportunity to interact freely with other

learners and the teacher.

2.5.1.3.2 Learner performance on assessments tasks

It is important for the teacher to assess learners’ performance throughout the
learning sessions. The DoE (2003:63); Kellaghan (2009:119), Sacmeq Report by
Moloi and Chetty (2011:1, 7), the TIMSS Report (2011) by Provasnik et al.
(2012:1,4) point out that many social partners have keen interest in how learners
perform with respect to problem-solving skills. Social partners include the learners
themselves, educators or practitioners, biological or legal parents, guardians,
district, provincial and national departments of education, employers, and higher
education and training institutions. Learner performance is assessed continuously
for the purpose of scrutinising progress and giving constructive comments and
valuable feedback, diagnosing obstacles to learning, selection. The teacher and
learners are expected to be conversant with types and methods of assessment in

the teaching of problem-solving skills.
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In addition, the DoE (2003:64) and Kelley and Tobey (2011:4) mention the
following types of assessment that can enhance the learners’ understanding of
problem-solving. (i) Formative assessment inform teaching and learning, and
immediately provides feedback to teachers and learners about the progress on
activities performed. (ii) Diagnostic assessment identifies preconceptions, errors,
types of reasoning, and learning difficulties that learners have. (ii) Summative
assessment gives the overall performance of children in class in achieving the
learning targets.

It is therefore crucial that assessment be used before and throughout the learning
process, so as to enhance learner performances. Rather than using the
assessment at the end of the instruction, if it is used it has to feed forward the
process of teaching and learning (Kelley & Tobey, 2011:90).

2.5.1.4 Drilling of mathematics formulae

The departmental policies expect that the teaching of problem-solving skills
(mathematics formulae) need to be taught in a way that they make meaning to
learners (Anthony et al., 2009:154; Averill et al., 2009:175,181; Battista (2004)
cited by Su et al., 2013:1). Learning does not occur in vacuum, but it must be
contextualised in real life situations. Problem-solving skills taught in this fashion
are easily remembered by learners, and learners are able to give their own correct
interpretations and meanings. It is expected that the teacher use pictorial,
symbolic, and/or language skills in numerous approaches to concretised the
problem-solving skills. (DBE, 2011:5, 2003:2).

Graven (2003:29) writes that drilling of mathematics formulae is common in South
African schools, with learners repeating after teachers in rote learning. Reasons
include teachers having become mathematics teacher not by choice but as the
result of a serious shortage. Currently in South Africa, 50 percent of teachers of
Mathematics have less than grade 12 mathematics qualifications. In some cases,
they resort to drilling of formulae from the textbooks, which result in meaningless
definitions and/or conjectures for learners. This is despite the prescripts of the

DoE that teaching be conducted with awareness of the cultural context of learners.
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2.5.1.4.1 Lesson planning

The interactions and discussions which take place in class can be taken as a
springboard to craft the lesson plan that involves learners’ lived experiences
(Lynn, 2004:154). In making lesson planning learner-centred, Keeley and Tobey
(2011:89, 90) suggest that the feedback process has to help the teacher to
incorporate the learners’ backgrounds. This acknowledges the pedagogy at home
(Yosso, 2002:94) and enables learners to choose the mathematical content to be

learnt on their own, with minimal assistance from the teacher.

Graven (2003:31) and Vorderman (1996:519) indicate that use of tessellations in
the teaching and learning of problem-solving helped learners to construct different
geometric shapes and further enabled them to define these interlocking shapes.
Learners are seen as dominating the discussions in the classrooms rather than
the teacher, whose role is interactive, and rooted in negotiations with learners
about the mathematical concepts they discover. Rather than the teacher alone
giving the definition directly, the lesson is a collaborative effort by teacher and
learners, thus encouraging the latter to conceptualise a definition, in the case of
tessellations by comparing and juxtaposing several patterns and shapes of real
objects. As a result the knowledge of problem-solving does not come from the
teacher only, but from the learners as a dynamic, ever-changing manifestation of
their lived experiences. According to Graven (2003:30), collaborative lesson
planning helps to make activities creative. Sometimes learners are not even aware
when time has run out for the lesson until the next teacher knocks on the door.
There is fun anticipated in the teaching and learning of problem-solving, and as
Graven (2003:32) adds, teachers no longer decide to leave the profession

because of the burden of lesson planning and dull lessons.

2.5.1.4.2 Class Activities

If activities in the class are learner-centred they will create a conducive

atmosphere in which all learners will be highly engaged (Ambrose et al., 2010:83),
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combining real life experiences of the learner with the mathematical content to be
learnt. As Anthony and Walshaw (2009:154) and Vorderman (1996:490) posit,
learners’ minds are not blank slates upon which problem-solving knowledge is
etched. Rather, learners come to learning situations with activated ideas,
understanding, and a wealth of problem-solving knowledge, which helps them to
work out activities. For instance, Vorderman (1996:490) evinces how a teacher
presented an activity in which learners had to measure a ‘mayflower’ in which the
teacher, rather than ask them to use a ruler, stimulated their ideas and allowed
them to reflect and construct their own methods of measurement (Averill et al.,
2009:168,169,171). In this activity some used feet to measure, some their hands,
others a ruler. This gave them a chance to discuss why they used particular
methods. In such an activity, the teachers listened and provided minimal

assistance when needed.

Tennant (2004:1,3) writes that in recent years mathematics teachers have
investigated teaching methodologies for introducing problem-solving with the help
of cultural connections. For example, Islamic tiling (Alhambra tilings) was used to
teach symmetry and other transformational movements in geometry. Ambrose et
al. (2010:83) argue that this endows authentic, real-world activity and assigns
hands-on activity that allows learners to vividly and concretely see the relevance
and value of otherwise abstract concepts and theories. Class activities of this
nature allow learners to create new understanding for themselves. The teacher
coaches, scaffolds (Averill et al.,, 2009:175) and suggests alternative solutions,
whilst at the same time giving the learners room to experiment, discover, ask

questions, and try things that seem not to work.

2.5.1.5 Non-involvement of parents in teaching problem-solving skills

Many educational legislative imperatives and policy directives of the democratic
South African state dictate that schools be integral parts of the communities within
which they occur. The structures within public schools must change to empower
teachers, teacher mentors, and community members in the teaching and learning

of problem-solving skills. Matthews, Watego, Watego,Cooper, & Baturo(2005:6)
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assert that this will make the schools form part of their communities rather than
separate entities. This is further demonstrated by the stipulations of the South
African Schools’ Act (RSA, 1996:1,11) which emphasises this involvement and
cooperation in the teaching and learning of problem-solving skills. It also
deconstructs apartheid educational policies, which separated schools from
communities under the pretext that communities were not sufficiently literate to
inform academic practices in schools (Matthews, 2005:6; Jansen, 2002:203,204;
Yow, Morton, Cook, 2013:101). There was a deliberate alienation of the subaltern
communities in the teaching and learning of problem-solving skills. As Rocha-
Schmidt (2010:346) posits, schools should not be observed as reproducers of
unequal social power relations, but rather as institutions that encourage parents in

the teaching and learning of problem-solving skills.

Potgieter et al. (1997:9) point out that learners and teachers cannot expect the
provincial department or regional administration to give entirety to the school, but
rather, parents and other members of the society are in the best situation to see
what the schools need and how to tackle challenges in teaching. Lynn (2004:162)
and Yosso (2002:99) caution teachers (school community) not to discredit the
wealth of knowledge parents possess, as it can help learners to understand better.
If parents are regarded as uninterested in their children’s welfare they do not place
high value on their learning. These perceptions persist when teachers disregard
the importance of knowledge parents possess to enhance the teaching and
learning of problem-solving. They argue that the mistakes committed by the school
community are that subaltern parents are judged by the standard of the middle
class, hence making derogatory remarks about marginalised parents.

2.5.1.5.1. Lesson planning

According to Mncube (2010:233), parents expressed much gratification with the
substantial improvement of school activities with regard to the teaching of
problem-solving and their relations with the educators in running school activities.
To a large extent, as Dika and Singh (2002:5), Lemmer (2011:100) and Yosso

(2002:94) agree, parents were more knowledgeable about the teaching of
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problem-solving because of their inherent capital, whether human, navigational
and/or social. Teachers and parents make a strong team on mathematical content
and knowledge of cultural knowledge, such as indigenous games, mastered by
local communities. This is when the school works together with local communities
in preparing lessons, and parents take responsibility for preparing the resources
and materials for demonstrating the indigenous games in teaching mathematical
content (Averill et al., 2009:176).

Lynn (2004:162) and Yosso (2002:95) see the involvement of parents in lesson
planning as the breaking of social inequalities that existed between the school and
the marginalised communities. In turn, this hampered the teaching and learning of
problem-solving. Parents were misconstrued as possessing backward cultural
practices (including indigenous games), and immoral and ignorant knowledge,
which might impact negatively. The involvement of parents helped make the
lesson practical, for learners to comprehend. Parents were able to relate the real
life indigenous games with which learners were actively involved. At the same
time, teachers provided the mathematical knowledge linking them (Tucker,
2010:146).

2.5.1.5.2. Lesson presentation

According to the Assembly of Alaska Native Educators (2002:15), the teaching
and learning of problem-solving must be a collaborative effort between teachers,
families and elders in the community. This will encourage the learners and parents
to work together in stimulating the mathematical ideas or contents infused in
cultural activities, among others, indigenous games. In addition, Lynn (2004:154)
and Yosso (2002:94) assert that involvement of communities in a classroom
situation is an inclusion of pedagogies at home in the teaching and learning of
problem-solving. This will help learners make connections between environmental
background knowledge and the new mathematical content presented in class.
Averill et al. (2009:169) show that involvement of parents in the lesson
presentation is of great assistance to learners. Parents brought tukutuku (woven

panels), for learners have to illustrate the mathematical content and processes
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embedded within the weaving. The mathematical content extracted included
sequential patterns, algebraic equations, relationships, nhames and properties of

shapes, parallel lines, perpendicular lines and fractals.

It can further be argued that the social capital that parents possess can help them
to interact freely with both teachers and learners in sharing their knowledge of
indigenous games. The parents demonstrate how the games are played, then it
becomes easy for the teachers to draw up activities for the learners. In their small
groups, learners visualise mathematical processes and content illustrated by the
games, enabling them to make conjectures that help establish mathematical
formulae and definitions. In the presence of parents and other stakeholders,
learners are given a chance to make presentations of mathematical content
observed during the demonstrations by parents (Department for Children, Schools
and Families (DCSF), 2008:5).

2.5.1.5.3. Assessment

According to Muijis and Reynolds (2011: 84) and Tucker (2010:144), assessment
is seen as an activity integrated with teaching and learning of problem-solving. For
assessment to continue smoothly, the learning environment should be as light and
attractive as possible, such that the parents and teachers interact freely in the
classroom setting. The interactions between teachers, parents and learners is
masked by critical analysis, with all parties seeking clarification on why the
indigenous games are structured in a particular fashion. Also, as learners give
feedback on the mathematical content observed in a particular game, they are
requested to justify their answers to the large groups.

Tucker (2010:146) argues that the assessment process is seen by parents and
teachers as sharing knowledge about the child’s mathematical development, and
the implication of this dialogue is far-reaching. It becomes easy and possible for
parents at home to assist their children in assessing their problem-solving skills.
The DCSF (2008:8) and Tucker (2010:140) found that for children to regard
themselves as proficient mathematicians they need to feel assertive and positive

about themselves as learners and problem-solvers. In engaging parents in their
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child’s problem-solving plays a significant role in shaping how learners feel about

and engage with the subject.

2.5.1.6 Limited content knowledge among teachers

It is expected that mathematics teachers will be lifelong learners in the teaching
and learning of problem-solving skills, and competent in their area of expertise
(DoE, 2003:3, Tamsin, 2013:484,485). A qualified mathematics teacher has
acquired the content knowledge over years, in their schooling and at tertiary level,
so it is important to attend mathematics developmental workshops conducted by
departmental officials (mathematics subject advisors) and professional bodies. It is
not enough to have content knowledge, but rather pedagogical content knowledge
iIs key in teaching and learning of problem-solving skills. This will enable the
individual teachers to use strategies that allow learners to interact freely,
meaningfully and to extend knowledge of the learners to the limits, in the teaching
and learning of problem-solving skills (DoE, 2003:5; Haverhals, 2010:334; Nultti,
2013:57; Pascuzzo, 2013:233).

On the other hand, Keeley and Tobey (2011:12) point out that, traditionally,
mathematics teachers were considered the providers of content that learners had
to consume without interrogating the teachers. This kind of approach to the
teaching of problem-solving limits the learners’ potentialities in understanding
problem-solving. Rather, effective teaching of problem-solving requires
understanding of what learners’ prior knowledge is to be linked with the new
content presented. For teachers to present high quality problem-solving they need
to have deep understanding of mathematical content. This can let learners on their
own discover it through interaction with the indigenous games (Van de Walle et
al., 2010:2). Educators and mathematics practitioners are revived to present
problem-solving in an interesting and creative way to learners, using design
activities that allow learners to discover the definitions, formulae and mathematical

content on their own, with minimal guidance from the teacher.

According to Ogbonnaya (2010:50), functions constitute the basis of many

branches of mathematics, science and engineering, a concept clarified in the
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South African Grade 10 — 12 Mathematics National curriculum statement (DBE,
2011:10, 11, 12; DoE, 2003:8). However, most secondary school learners have
difficulties in understanding the topic. The teachers indicated that parabolic
functions is one major area of learners’ difficulty in mathematics. The possible
implication is that the teachers find it difficult to present the topic in a way learners
understand, since what they learn in a topic is mainly influenced by the way it is
presented to them by the teacher. There is a need to find better ways of
presenting this important topic.

2.5.1.6.1 Lesson plan does not show high order questions

The manner in which lesson plans are drawn up is monotonous, in that the
teacher alone is active, while learners are taking notes. In this way, learners learn
in an instrumental way, that is, problem-solving is seen as endless lists of isolated
skills, concepts, rules, and symbols that are not related (Bansilal, 2011:93; Van De
Walle et al., 2010:26). In addition, Van de Walle (2010: 23) and Yosso (2005:70)
suggest that the lesson be planned in such a way that learners are able to use
their marginalised wealth, that is, their navigational capital allows them to explore

various possible solutions.

For instance, Bennett, Burton, Nelson (2010:135,136) and Van De Walle
(2010:26) assert that in order for the lesson to show high cognitive levels of
thinking the activities in the lesson plan must stimulate learners’ thinking abilities.
The ‘why and how’ questions dominate activity questions (Bansilal, 2011:99).
Bansilal (2011:93,98) recommends that the class activities be within real life
contexts, which adapt the innumerable learning styles and needs of the South
African learner populations. In one case learners were given an activity of Robben
Island and had to give justifications for the calculations of various dimensions and

areas.
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2.5.1.6.2 Class activities/tests, assignments

Class activities serve as formative assessment, which helps the teacher to know
the progress of learners with regard to their understanding of problem-solving.
Also, it allows the teacher to apply other teaching strategies that will help learners
to perform well (Kelley & Tobey, 2011:12; Van De Walle, 2010:76). They further
argue that timely feedback gives learners useful information to adjust their current
learning activity. According to Bansilal (2011:94) citing Bansilal, 2006; Brodie,
2004, 2010; Graven, 2004; Mattson & Harley, 2003; Taylor & Vinjevold, 1999;
Vandeyar & Killen, 2007) research proposes that South African teachers by and
large embrace the philosophy and values behind the assessment of activities in
the teaching and learning of problem-solving. On the other hand, whilst many
South African research studies relate that most teachers speak positively in
supporting learner-centeredness, critical thinking skills and becoming facilitators of
learning, classroom observations reveal that the same teachers teach in a
procedural and shallow manner, use drill work, encourage group chanting, do not
use group work effectively and do not encourage insightful thinking amongst their
learners. No activities are designed to stimulate the interest and creativity of

learners.

2.5.1.7 Limited motivation among teachers

The working environments need to be conducive for sustainable teaching and
learning to occur. Some of the elements that constitute a conducive environment
are interrelationships between teachers and other human beings, not limited to
learners, teacher, parental community, and the employer. This interrelationship
concedes to a collaborative way in the teaching and learning of problem-solving
skills, as opposed to top-down and an autocratic power culture. Also,
interrelationships between the teacher and resources materials for the curriculum,
which might include the resources, are necessary for effective teaching and
learning. It is then expected that teachers demonstrate competencies of various
roles and critical outcomes, such as a lifelong learner in designing their own

materials for implementing new changes in the curriculum development of
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problem-solving (Norms and Standards, DoE, 2003:2). Demonstration of these
roles will allow creativity of teachers, as they regard learning programmes as a
guide that inspires innovation and motivation in designing programmes. As
professionals, teachers should belong to professional bodies that assist them in
developing mathematics knowledge for teaching (Pascuzzo, 2010:233) and
researching effective methods for teaching and learning. That will help them
become agents of change in transforming the bad conditions of teaching and

learning in schools.

2.5.1.7.1 Lesson planning

Van de Walle (2010:58) quoted Burns (1992) in claiming that it is vital that
teachers give the necessary time for learners to work all through the activities on
their own, and that teachers not slide into teaching-by-telling for the sake of
effectiveness. The lesson planning in the teaching and learning of problem-solving
has to acknowledge the diverse needs of learners. In order to accomplish this,
teachers need to include learners and parents in their planning sessions. The
lesson planning has to take into consideration the prior knowledge of learners, and
their background knowledge. For example, if the teacher intends to teach the
formula for circumference of the circle, during the planning sessions he or she
may request learners to bring circular objects of different sizes from their
immediate environment, as well as measurement tools or instruments to be used.
They may then design the activities around what they have brought to determine

the perimeter of the circle. This activity will further concretise the meaning of pie

().

Storeygard (2012:9) contends that proper lessons provide learners with an
opportunity to be actively involved in class participation. Teachers provide support
or scaffolding (Averill, 2009:175), which allows all learners to be engaged in
problem-solving tasks. Learners feel that they are part of the class community and
are free to make inputs and contributions to enhance the learning of problem-

solving. However, Van de Walle (2010:72) warns that teachers need to be aware
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that learners do not understand in the same way, so the use of the same teaching

approach may disadvantage some learners.

2.5.1.7.2 Class interaction is teacher-dominated

It is imperative that teachers find ways to involve all learners in the teaching and
learning of problem-solving, not with emphasis on those who are eager to learn.
Muijis and Reynolds (2011:83) and Van de Walle et al (2010:106) citing Mau and
Leitze (2001) assert that in the learning of problem-solving teachers should ensure
that learners are expected to talk and listen. As a result, more mathematical
concepts and arguments are raised, while the teacher plays a scaffolding
approach, that is, he or she talks less and encourages more input from learners.
The established learning environment allows learners to discover knowledge on

their own.

On the other hand, it has been observed that many mathematics teachers have a
problem with learners not enjoying their lessons because they remain passive,
with The lesson are dominated by the teacher presenting the problem-solving
concepts. Activities are from textbooks with no creatively on the side of the
teacher. Hence, learners dislike problem-solving, seeing no practical application of
the topic being presented. Teachers have to be researchers and lifelong learners
in the teaching of problem-solving (DoE, 2003:5; Anthony & Walshaw, 2009:154 ).

2.5.1.7.3 Assessment based on low order questions

The involvement of learners in the teaching and learning of problem-solving
creates a space in which learners are able to raise questions such as but tell me
why is the area of the circle equal to 2 ? and why is a®= 1 ?’. These questions
help the teacher realise that learning of problem-solving is about helping learners
to construct their own meaning, not about getting the right answers (Haylock,
2010:9; Muijis & Reynolds, 2011:79,83). These questions further help the teacher

to understand the logical reasoning of the learner, and as such the activities
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designed can address such questions, rather than always providing the learners
with right answers. These questions should be viewed in the positive manner as

they trigger the critical thinking of learners.

Haylock (2010:9) points out that learners must be encouraged to ask ‘difficult
guestions, not routine types, such as what is the area of the circle?, to the whole
class, and it does not matter if they give a wrong answer. The aim is to stimulate
higher thinking and not let learners feel that they are asking stupid questions, as
this causes them to shy away from asking any. Van de Walle et al (2010:77) adds
that it is essential that teachers target high order questions by simply rephrasing

those asked by the learners.

The assessment conducted before, during and after the teaching and learning
should teach and enlighten each individual learner and the teacher about problem-
solving ability and development toward conceptualising mathematical concepts,
not just mastery of procedural skills. Thus, the assessment should be used as the
feedback to ‘feed-forward’ (Keeley & Tobey,2011:89), that is, the high-order
questioning used during teaching and learning is a way of saying to learners in
future assessment do expect questions of this nature. The learner-centred
activities allow learners to freely ask questions that are going round in their minds.
In some cases, the frightening environment of teaching problem-solving prevented
learners from asking “difficult questions or perceived as stupid questions”
(Haylock, 2010:8). A frightening environment in the teaching and learning of
problem-solving may be characterised by the mathematical language used by the
teacher, as too technical, too specific to the subject, or not reinforced through
language used in everyday life (Bush, Joubert, Kiggundu, Van Rooyen, 2010:164;
Haylock, 2010:9). For instance, concepts such as ‘mapping’, ‘discrete data’ and
‘reflective symmetry’, are very difficult to comprehend when asked in assessment
tasks, but when explained to learners, typical reactions are “oh, is that what they
mean?, why don't they say so, then?, why do they have to dress it up in such
complicated language ?” (Haylock, 2010:10).
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2.5.1.8 Limited expertise of classroom practices

Haylock (2010:3) points out that in England interactive whole-class teaching was
emphasised in the 1990, and encouraged teachers to engage more with learners.
There were explanations, questions and answer by learners and class
discussions, aimed at promoting understanding and confidence in problem-
solving. The technical language used in problem-solving was related to the
background knowledge of learners, and allowed them to construct their own

meanings where acceptable in the mathematics arena.

Setati and Adler (2002:130) and Tapson (1999:161) illustrate that for learners to
have deep understanding of mathematical terms or concepts they need to be
aware that many of the words used in English were originally taken from or based
upon the ancient languages of Greek and Latin. The teacher has to make
connections of such concepts to daily use language so as to have deeper
understanding. For instance ‘adjacent angles’, where adjacent is ‘adjacere’ in
Latin meaning ‘lying near’, ‘isosceles triangle’, where isosceles is ‘isoskeles’ in
Greek, which means ‘equal legs’. Thus, the technical languages used in problem-
solving made these mathematical concepts more difficult for learners to
comprehend. It is acceptable that to concretise mathematical concepts or
definitions ‘code switching’ be used, that is the home language is interspersed
with the language of learning and teaching (LOLT) to clarify or emphasise
meaning. Teachers need to instil the basic meanings of mathematical concepts

and terminology so as to facilitate understanding.

In many cases, teachers lack basic classroom practices in the teaching of
problem-solving. Haylock (2010:3) maintains that for learners to enjoy problem-
solving it is essential that they understand mathematical content, concepts,
definitions and terms. They should make meaning of what they are doing in the
mathematical content instead of learning to reproduce procedures and recipes
that are low in meaning and purpose. For instance, if they understand that
‘isosceles triangle’ relates to triangle with equal legs it would be easy to come up
with basic features of an isosceles triangle, and so not to confuse it with a scalene

triangle, which is unequal, from ‘skalenos’ in Greek, or tetrahedron, which means
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‘four faces’, each an equilateral triangle (Bolt & Hobbs, 1998:124; de Klerk,
2004:121; Haylock, 2010:322; Tapson,1996:160).

2.5.1.8.1 Lesson planning lacks resources/activities

Teaching and learning of problem-solving using cultural practices and historical
stories may help to concretise mathematical concepts which seem too abstract for
learners. The resources used in the learning of problem-solving ensure that
learners experience a sense of pleasure, stimulating curiosity to formulate their
own discoveries (Haylock, 2010:17). Thus, in this research the use of indigenous
games will be used as resources that enable learners to draw out the
mathematical contents embedded in them. As Haylock (2010:18) and Van de
Walle (2010:21) contend, learners are fully accommodated in lesson planning that
draws resources and activities from their home environment. The real-life contexts
that draw a wide range of mathematical ideas are used to introduce or teach new
mathematical concepts, and stimulate learners to extend their problem-solving
skills to abstract mathematical concepts. During the play of indigenous games,
teachers give learners activities that describe the use of the terms: impossible,
almost impossible, not very likely, fairly likely, almost certain, certain (Haylock,
2010:380; Van de Walle, 2010:64). The understanding of these terms develops
the concept of probability used in mathematical fields and in turn, learners begin to
take ownership of their learning as they are empowered in making sense of

mathematical concepts within their surroundings.

2.5.2 Components of the strategy in the teaching of problem-solving skills

Section 2.5.1 above was an in-depth discussion of challenges in the teaching of
problem-solving. In resolving the above-mentioned challenges, the literature is

consulted so as to come up with the components of the framework in the teaching

60



of problem-solving skills. The components of the framework in the teaching of

problem-solving will address each challenge identified.

2.5.2.1 Meaningful subject-matter in the teaching of problem-solving skills

Jonassen, Strobel, Gottdenker (2005:15) citing Mayer (2002) note that meaningful
learning in the problem-solving is regarded as a conceptual change, in the sense
that it is a process of constructing and reorganising personal conceptual models,
and treating learning as an premeditated, vibrant, and constructive process that
embodies developmental differences among learners. Thus, for subject-matter to
be meaningful the teacher has to integrate the teaching of problem-solving skills
with prior knowledge of the learner (Anthony & Walshaw, 2009:109, 153). Also,
Sriraman (2007:151), Sriraman and Lesh (2007:59) in Dienes (1973, 1983) on the
theories of how mathematical content can be effectively taught. They contend that
by using indigenous games, stories, and dance, learners become actively involved
in the learning of problem-solving. Thus, in this study, prior knowledge is brought
in by using indigenous games to teach problem-solving skills and assist learners in
constructing new knowledge. This is in line with Yosso’s (2005:70) claim that
learners possess a wealth of marginalised knowledge that can be tapped into
when teaching problem-solving skills using indigenous games. They help learners
to associate the new knowledge on problem-solving skills to be presented with the

practical examples from their home environment.

For the content to be meaningful teachers have to take into cognisance the
intuitive problem-solving skills learners bring to school, as it is rich in the teaching
of problem-solving skills and incorporates their cultural practices (DBE, 2011:9;
DoE, 2011:8; Ernest, 1997:22;Gerdes,2001:321,322; Yow,Morton,Cook,2013:101)
that learners encounter on a daily basis. The legislative imperatives (DoE, 2003:9;
DBE, 2011:10) in the NCS and Curriculum and Assessment Policy Statement
(Gerdes, 2001:323) regard problem-solving skills as human activity practised by
all cultures. This implies that if the learning of problem-solving skills is
contextualised in the background environment of the child it is easy to learn and

retain the content previously thought to be too abstract to comprehend.
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2.5.2.1.1 Lesson preparation

It is good practice that lesson preparation be done well in advance of the class.
For it to be effective it should be designed collectively, including the learners
themselves, as well as brining expertise and experiences from other teachers and
parents (Assembly of Alaska Native Educators, 1998:24; Averill, Anderson,
Easton, Te Maro, Smith, Hynds, 2009:165; Theobald,Curtis, 2000;106,107).

Font, Godino, and D’amore (2007:2-3) illustrate, the effectiveness of an onto-
semiotic methods in the teaching and learning of problem-solving skills
encourages design of the lesson preparation through communication among
members, rather than individuals taking the onus of preparing their own work. An
onto-semiotic approach can take in multi-facetted modes, including the
idiosyncratic and institutional. The teaching of problem-solving involves the
participation of learners, teachers, and community members in sharing lesson
preparation. The individuals in a school meet together with various partners to
plan. Partners can be from groupings in a school and/or in the society, among
others community leaders and representatives of the DoE to share ideas on how
to use particular instruments and tools in the teaching of problem-solving skills
content. The onto-semiotic approach to personal-institutional facets makes the
teaching and learning of problem-solving accessible to all parties involved. This
means that communities and mathematics teachers take ownership and
responsibilities for continuous proper teaching and learning. This way learners

have access to sophisticated content as they have a chance to provide input.

The Early American Life (2001:78) and Horsman (1900:5) used the checkerboard
in the teaching and learning of problem-solving, a game comprising a square
board and an odd number of rows and columns, each with the same number of
playing squares. The playing pieces comprise two pieces of a first geometric
configuration, two pieces of a second geometric configuration, and one piece of a
third geometric configuration. The first geometric configuration is a cube, the
second a tetrahedron and the third a sphere with a flattened base. These different
geometric shapes have unique properties, which learners are able to identify in

their small groups
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Figure 2.1: Checkerboard

2.5.2.1.2 Lesson presentation

Following the involvement of learners in the lesson preparation, their interactions
with peers and teachers is remarkable (Haylock, 2010:3). In most cases, such
vibrant atmospheres allow discussions on problem-solving to be pioneered and
led by learners. This is also alluded to by Wainess, Koenig and Kerr (2011:24),
who found that the Game Play Model and the Player Interaction Framework
epitomise important elements in the design and development process for training
games, and provide a convenient lens for the effectiveness of instruction and

learning of problem-solving within games.

Fellows and Koblitz (1993:371,372) and the National Council of Teachers of
Mathematics (NCTM, 2010:1) point out that the Kido Krypto mathematics card
game stimulates learners to raise critical issues which are often taken for granted
by learners, but when these issues are analysed it appears that they are very rich
in mathematical content. Also, they assert that the fundamental ideas of Kido
Krypto makes it possible to expose learners to some electrifying mathematical
content and concepts. They further suggested that Krypto is a most excellent
vehicle for presenting fundamental mathematical concepts to children. This game

has the potential to stimulate research and can give fresh perspective to the
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teaching and learning of problem-solving. Such games provide a stimulating
context for logical and mathematical modes of thinking, and the mathematical
content embedded within Kido Krypto included the order of operations, for
example, the cards show: 1, 2, 4, 5, 6, so these numbers must be worked out to
produce the target number 7, cubic graphs, number theory (Borovik, 2002:24) and
hash functions (Schlaffer, 2011:1,2). It must be noted that the hash functions are

abstract concepts, which are made accessible to learners.

2.5.2.1.3 Assessment of activities

Chinn (2012:9) contends that assessment is an integral part of the teaching and
learning of problem-solving. All the activities prepared and presented by learners
and teachers are assessed throughout the teaching-learning sessions (Sheng &
Basaruddin, 2014:301; van de Walle, 2010:88). In addition, the DoE (2003:66) has
stated that learner interaction allows the various methods of assessment to take
place, inter alia, self-assessment, that is, learners pre-assess their contributions to
activities before the teacher makes final comments or assessment. Another
method of assessment used during learner interactions is peer assessment, which
helps both learners being assessed and those who are making the assessment to
gain a deeper understanding of the mathematical content under discussion. Also,
it encourages learners to assess themselves and others’ performances.
Meanwhile, group assessment becomes clear when learners provide feedback to
the larger group. It requires considering evidences that the group of learners
cooperated, assisted one another, divided work, and combined individual inputs

into a distinct composite assessable and measureable product.

For Sheng and Basaruddin (2014:302), the application of these methods of
assessment motivates learners to actively become involved in classroom
deliberations and thus create a cooperative environment. They are taught to be
self-regulated and take the opportunity to challenge assessment tasks, practice
learning, develop deep learning and understanding of subject content and achieve

academic success.
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2.5.2.2 Method of teaching problem-solving skills is learner-centred

From the onset, that is, at the preparation of the lesson and the lesson
presentation, leaners are part of the process. As a result, the activities designed
are generally driven and performed by learners. Borovik (2002:24) advised that
the learner-centred approach not be forced onto learners, but rather allowed to
arise spontaneously (Chepytor-Thomson, 1990:18), as learners enjoy the full
benefits of playing the games. There is much interaction among learners and their
small groups in learning problem-solving. Chepytor-Thomson (1990:24) and
Mosemege (2000:11) illustrate the dual purposes of indigenous games in which
learners enjoy and learn to visualise the mathematical concepts embedded in
them. According to Borovik (2002:23) and Habler, Hennessy, Lubasi (2011:27),
the learning of problem-solving should involve two processes, that is,
interiorisation and reproduction. The former is at an exciting level, where one
visualises abstract mathematical concepts, underlined by a rich wealth of
knowledge (Yosso, 2005:69) that is often marginalised in the teaching and
learning of mathematical content in the mainstream curriculum. It helps learners to
understand and handle mathematical concepts. Meanwhile, the latter process,
reproduction  (Chepytor-Thomson, 1990:18) involves articulating and
communicating the mathematical ideas, and an ability to reproduce one’s own
mental understanding about the mathematical content extracted. It can be noted
that these processes are concurring with the ontological viewpoint of the
community cultural wealth theory as socially constructed multiple realities (Chilisa,
2012:35,36).

Picture 2.1 (below) shows the playing of Nakutambekela, an indigenous game that
involves the passing on of a stone object or any other similar object to a
participant in the game (Mukela, 2013:36). The mathematical contents and skills
embedded within this game are thinking and coordination skills, a friendly
environment for creating interpersonal relationships, speed, and accuracy
(Mukela, 2006:113). These skills are essential in the teaching and learning of

problem-solving.
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Picture 2.1: Children demonstrating the Nakutambekela play game song (Mukela,2013:36)

2.5.2.2.1 Lesson presentation

Cultural practices, including the indigenous games, illustrate that learners possess
a wealth of skills and knowledge. Even the social settings, that is environmental
backgrounds, influenced their acquisition of skills that are useful in the teaching
and learning of problem-solving. Such indigenous games as riddles and story-
telling generally promote listening, comprehension and speaking skills. On the
other hand, stone catching or passing, such as Nakutambela and diketo, stimulate
speed, accuracy, concentration and collaboration (Haylock, 2010:19; Zaslavsky,
1999:104,132; Roux, 2009:583,591). Such skills and knowledge allow learners to
network with others and learn from them (Yosso, 2005:70). It is thus imperative for
the teacher to use these indigenous games as resource materials when designing
activities that make use of learners’ capital, such as social, aspirational and
navigational (Chinn, 2012:118; Yosso, 2005:75). Similarly, Chinn (2010:118)
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writes that teachers have to encourage discussions in the learning of problem-
solving, rather than rely on imparting knowledge into the minds of learners. The
playing of indigenous games affords them an opportunity to interact and network
among themselves and the teacher. Also, interaction with materials helps develop

conceptual understanding.

2.5.2.3 High motivation/interest among learners

Learners are motivated by being aware that indigenous games contain
mathematical content. Roux (2009: 583-591) quoted Lennox, Pienaar and
Coetzee (2007) that regular play of indigenous games lead to perfected echelons
of mental wellness and the development of a positive self-esteem, as well as
enhancement of social and cognitive development of learners. The teachers are
advised to use indigenous games in the teaching and learning of problem-solving,
SO as to address affective outcomes imbedded within them. For instance, affective
outcomes such as self-acceptance help learners to accept their wrongdoings, and
through role-play vested in the games, learn from their peers or teachers.
Similarly, the tolerance leaves them more open-minded and accepting of various

possible solutions raised by others members of a group.

Thus, the teaching and learning of problem-solving using indigenous games
satisfies a variety of physical, psychological, social and cultural needs, which are
essential in boosting the self-esteem and confidence of learners in the learning of
problem-solving (Roux, 2009:591). This is in line with the view of Chen, Looi, Lin,
Shao (2012:355), that once learners are motivated it is easy to accomplish their
goals in learning the problem-solving or achieving goals of a set activity. Again,
the descriptive feedback, that is, giving scaffolding or advices to learners to aid
him/her obtain the correct response, can amplify the motivation of learners to work
out the new tasks and new or unfamiliar mathematical problems. Hence, the
motivation they have developed gives them the zeal and zest to persevere in

overcoming the barriers they are confronted with in problem-solving.

67



2.5.2.3.1 Class participation

The moment learners are motivated to learn problem-solving they demonstrate
affective outcomes, such as own-ability, assertiveness, leadership, trust and
security (Roux, 2009:591). Affective outcomes deal with emotions, feeling and
interest, demonstrated by individuals being either happy or sad. Since learners
showed interest in and enjoyment of learning problem-solving, during the
feedback sessions they show their own understanding by explaining mathematical
concepts and definitions, and an ability to defend their arguments. They show
assertiveness and confidence in formulating their own mathematical conjectures.
For example, learners were assigned the activity: “Fill in the figure in the
expression”, designed to encourage them to realise that various groups had
different methods to find the answer. One group had five ways of calculations, that
is, individual calculation, comparison, relay, assisted calculation and throughout
calculation. Some presented four several methods of calculating: free, from the
top, from the bottom, and from both the top and bottom (Roux, 2009:365).

Roux (2009:364) also found that the collaborative learning groups made a huge
impact than individual learning groups, which implies that collaborative learning
may have better the learning of problem-solving. Also, it can be noted that the
underachieving learners gained a lot in this cross-number game. One
mathematics teacher reported that most learners had been encouraged to have
more discussions in their class, rather than be fed information by the teacher. On
the other hand, it was noted that one of the best performing learners had conflicts
during the discourse because all learners revealed high confidence and
expectation. It is then the responsibility of the other groups and the teacher to
show this group that tolerance can help them to alleviate their conflicts. Another
medium achieving group showed vast interest in collaborative learning with one of
learners playing the facilitation role. As the group facilitator, he/she showed others
that they must have patience in listening to alternatives raised by other members,

and also allow for discord to happen and agreement at the end of discussions

2.5.2.3.2 Learner performance on tests, assignments, homework
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According to Roux, Burnett, Hollander (2008:91), indigenous games content and
skills serve as the medium of socialising learners and developing them to reach
their optimal potential as social beings. The potentialities in problem-solving
appear during the class interactions as they present their solutions. It is evident
that 87.5% of learners affirmed that it was less demanding to complete the
calculations with collaboration than individually. Those learners with no confidence
in mathematics found it easier to share their ideas with others and complete the
calculations together. All learners concurred that they benefitted from deliberations
with their peer groups. This finding was shared by Sheng and Basaruddin
(2014:305), who posit that there are several strategies that can be implemented to
enhance learners’ performances in problem-solving. The school and home
environment can be unified by using the indigenous games to teach problem-
solving, as it brings the parents closer and give them a chance to demonstrate
certain indigenous games in which learners can derive embedded mathematical
representations. The Salem Press (2008:225) cites several indigenous games
played in Turkey, France and Japan, such as ‘The Coyote and the Chickens’,
‘Achi’, Pryamid Ckeckers’, diagonal checkers, and Seega. The playing of these
games requires a grasp of certain mathematical concepts, such as geometric
configurations and patterns, from which learners can draw their own mathematical

conclusions and make conjectures.

It was found by Cheng et al. (2012:358) that in pre- and post-test results of
learners taking the assessment tasks on problem-solving higher average scores
were recorded in the latter, from 50.29 to 63.29. Learners made greater progress
through playing the game collaboratively and it was observed that the
collaborative groups were playing indigenous games, suggesting that the low
performers in problem-solving made the most significant progress. The
incorporation of indigenous games in the teaching and learning of problem-solving
inspires the interest and love of attending classes. During these interactions the
learners showed competitive spirit and strong self-motivation, which helped them
to perform optimally in all the assessment tasks. As they enjoy these indigenous
games they learn and visualise the mathematical ideas and concepts infused
within them, thus motivating them to show their full commitment in learning

problem-solving. According to Roux, Burnett, Hollander (2008:91) quoting
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Andersen and Taylor (2004), using indigenous games to teach problem-solving
may also promote intercultural understanding and instil respect for the diversity of

cultures.

2.5.2.4 Self-discovery of problem-solving skills formulae and processes

Averill et al. (2009:160,161) contend that successful teaching of problem-solving
creates learning environments conducive to learners, and allows them to invent
mathematical definitions and formulae on their own. Also, teachers acknowledge
and validate ways of interacting, learning and knowing, and the authors highlight
the importance of collaboration among teachers, parents, and other community
members and leaders. A learning environment that uses indigenous games is
central to learning the subject matter, to the extent that teachers teach to
demonstrate how teaching problem-solving can incorporate them. They may
enhance feelings of stimulation through activities that develop mathematical ideas,
thinking and discovery of problem-solving conjectures, while drawing upon rich
resources that learners bring with them to the classroom (Haylock, 2010:324;
Sheng & Basaruddi, 2014:305; Yosso, 2005:69,70; Yosso, 2002:98).

The use of indigenous games in the teaching of problem-solving makes a learning
environment conducive for learners to explore their abilities. The class interaction
helped learners learn many things among themselves without relying on the
teacher. In most cases, the teacher was there to clarify misconceptions and
validate their findings (Chinn, 2012:4, 5, 6, 45; Muijis & Reynolds, 2011:79, 80;
Van de Walle et al., 2011:B-2). Generally, they learn problem-solving through
exploration and finally make their findings and draw mathematical conclusions.
Ultimately, learners draw valid conclusions through their observation. The
remarkable part of using problem-solving to teach and learn problem skills is that
the learners are not given formulae by the teacher, but make the discovery on

their own, through interaction is small groups.

The NCTM (2008:2) revealed that with the playing of Krypto, learners could
formulate the scenario: playing cards have the numbers: 23, 5, 7, 9, 4 , and the

target number: 13. They could not work out the solutions, but in the process they
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realised the sum of the playing cards: 23 +5 + 7 + 9 + 4 = 48 (even number), and
the target number = 13 (odd number). They then came to the conclusion that the
sum of numbers on the card was even and the target number odd. Thus, no

answer exists.
2.5.2.4.1 Lesson planning

According to Averill et al. (2009:162), in Calman and Sinclair (2001) and Glynn
(1998), reflecting on a Maori worldview of the roles of learners and teachers,
lesson planning is intertwined and interchangeable. Since the roles of learners
and teachers are interlinked, the contributions made by learners in the planning
will help the teacher to design activities that will stimulate the learners’ interest in
problem-solving. As shown by Van de Walle et al. (2010:B-2), such collaborative
planning draws on learners’ diverse background experience and dispositions (The
Australian Association of Mathematics Teachers, 2006:2,4). The pedagogies of
Maori learning of problem-solving is through participation, song, storytelling,
metaphor, repetition, and observation, including routines and patterns of
behaviour. The collaborative lesson planning (Averill et al., 2009:174; Van de
Walle et al., 2010:63), including parents, learners and teachers, helps bring
together the richness of the marginalised knowledge. The metaphor that describes
collaboration in lesson planning is the interaction shown in the playing of
indigenous games, where participants work together with passion and focus to

create a vibrant lesson presentation and activities.

For example, some resources materials can be prepared for learners to teach
problem-solving using the muyato game. This Zambian game of stone-throwing is
played mostly by girls, and involves digging a hole into which small stones, seeds
or round objects are thrown (Mukela,2006:32). The preparation of the resources
can save time on tasks in the learning of problem-solving, as the resources are

within the reach of everyone in the community.
2.5.2.4.2 Class activity

When learners form part of the planning team the resources and materials that are
prepared by learners and teachers can help the teacher to design activities that

stimulate learners’ mathematical thinking. The teacher can include the learners’
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styles in the learning of problem-solving and help learners to make connections
between the prior background knowledge and the new mathematical content to be
presented (Haylock, 2010:16). According to Chinn (2012:65), the involvement of
learners in planning and full engagement in the learning of problem-solving has

ripple effects

Learners are playing but learning at the same time (Pramling-
Samuelsson,20008:628,630). In such cases, interactions among learners come
spontaneously. It alleviates mathematics anxiety among learners, as any
mismatch between styles of learners and teaching are minimised. Further, Chinn
in Skemp’s (1971) recommended that over-reliance on rote learning as a dominant
culture in teaching problem solving be avoided, because learners learn
mathematical content and concepts with no understanding and merely memorise

the content, which in the long run results in anxiety.

2.5.2.5 Good level of involvement of parents

The Australian Association of Mathematics Teachers (2006:3), Brigham (2012:45),
Roux (2009:585), Roux et al. (2009:391) assert that excellent mathematics
teachers do not leave out the parents or communities from teaching and learning
of problem-solving. Their perspective is to deconstruct the dominant paradigms,
and accommodate the new methodologies that open possibilities for alternative
ways of knowing. The teaching and the learning of problem-solving using
indigenous games has a significant transformative potential, particularly for people
of colour (cited in Solorozo & Yosso, 2002). Also, Brigham (2012:45) argues that
the use of indigenous games in the teaching and learning of problem-solving is a
political act that brings the parents as role-players in the game from the margins to
the centre, with the potential to empower the them as well as the listeners

(learners, teachers and other community members).

Brigham (2012:46), citing Delgado (1988-1989, 2002), Villalpando (2002) and
Tuhiwai Smith (2001:214) opine that the indigenous games of people of colour or
subaltern communities (Leonard, 2008:157), which are often untold, can challenge

the meritocracy. Thus, the inclusion of parents in the teaching of problem-solving
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using indigenous games serves to trouble traditional ways of research, which limit

our understanding of the learning experiences of marginalised people.

The indigenous games known and played by parents can serve as a means for
school communities to create collective transformational spaces, constructing new
knowledge and deepening our understanding about problem-solving. The stance
of community cultural wealth theory is that there is neither a single truth nor single
method which can capture the complexity of human experiences in the learning of
problem-solving. The interaction of teachers, parents, community members and
leaders helps us understand problem-solving, and within its social contexts. Thus,
the involvement of parents adds another dimension to perceiving the nature of

reality and knowledge.
2.5.2.5.1 Lesson planning

In the planning sessions for the teaching and learning of problem-solving it is
essential that parents form a core of the planning teams. Parents as socialisation
agents (Roux, 2009:585) are of great assistance in exemplifying that problem-
solving is a human endeavour (DoE,2003:4), practised by all cultures and
communities. However, the mathematical processes, content and principles
embedded in indigenous games (social contexts) are taken to for granted. The
collective planning requires that parents be coherently organised, and sufficiently
flexible to allow voluntary, self-driven learning. The learning occurrences and
experiences incorporate significant mathematical content, which, as demonstrated
by Averill et al. (2009:169), can be seen within tukutuku (panel weaving) of Maori
people. Also, a variety of appropriate teaching strategies of problem-solving are
incorporated in the planning sessions. Lived experiences of learners and parents

again form part of the resources that will enhance the teaching strategies.

2.5.2.5.2 Lesson presentation

In arousing curiosity, challenging learners’ thinking, and engaging them actively in
learning, parents are given a platform on which to demonstrate the indigenous

games. For instance, in the throwing of stones, learners may visualise patterns
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(relationship between variables), chances of winning or losing (probability), and
dependent and independent variables, as mathematical content that can be seen
or extracted. The involvement of parents in teaching problem-solving using
indigenous games reinforces informal learning of learners. Informal learning arises
as the consequences of learners establish connections with the experiences they
come across in authentic situations(The Australian Association of Mathematics
Teachers, 2006:4; Brigham, 2012:83; Coquin-Viennot, Moreau, 2007:70; Habler,
Hennessy, Lubasi, 2011:23; Roux, 2009:585; Van De Walle et al., 2010:B-2). For
Lynn (2004:161), Roux (2009:585) and Yosso (2005:78), parents are very
resourceful during the reflection process on the indigenous games played. The
linguistic capital they bring to the classroom environment is known to the majority

of learners, which in turn helps in understanding mathematical contents and ideas.

2.5.2.5.3 Class interaction

Brigham (2012:83), Rieber and Noah (2008:80) and Van De Walle (2010: B-2)
contend that the learning environment created by the presence of parents
encourages the development of mathematical skills and content. Interaction
among learners, parents and teachers is efficient (Anthony & Washaw, 2009:159),
as they used dialogue and critical reflection to evaluate and deepen their learning
of problem-solving. Learning is perceived as a consequence of a person choosing
to partake and stick around in a task (game) they find pleasurable and interesting
(Vankus, 2008:105). The mathematical concepts are simplified for learners by
using or relating the lesson to indigenous games with which they are familiar. Also,
learners are able to construct mathematical knowledge on their own (Vankus,
2008;105). For instance, the games played by learners showed silent learning of
the relationship between acceleration and velocity, which are mathematical

content and physics content extracted in the game (Rieber & Noah, 2008:84).

According to Rieber and Noah (2008:79), indigenous games and play are closely
interconnected. They cite Huizinga’'s (1950) belief that the construct of play was
inextricable from humanity. As humans we might be referred as Homo ludens, or

‘man the player”. By nature, human beings play an active role, hence the
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interaction in the learning of problem-solving happens spontaneously. This
suggests that the teaching strategy used for teaching problem-solving should be
linked to games and play. Thus, Rieber and Noah (2008:79) quoting Piaget (1951,
1952) assert that games are a distillation of play. As a result, play has long been
regarded as one of the imperative to human learning ways. Parents, as rearers of
their children understand them better, where they can give them a chance to
elucidate and substantiate their ideas orally and in writing and by acknowledging

various modes of presentation.

2.5.2.5.4 Assessment

Theories maintain that assessment is an essential component of teaching and
learning, so learners’ engagement during the playing of indigenous games should
be assessed (Chinn, 2012:9; Vankus, 2008:106). In essence, assessment
happens continuously, either before instruction, during the interaction between
learners and teachers and parents, or amongst learners. Rieber and Noah
(2008:81) quoted Glynn (1995), Glynn, Duit and Thiele (1995), Mayer (1979) that
teachers and parents have long before employ metaphors and analogies to assist
learners narrow the gap between old and cutting-edge knowledge. As a result,
using indigenous games to teach problem-solving is way of using the known to
understand the unknown. Hence, during that process there are reflections made
and questions posed for clarification, so as to reach the “aha moments” as
conceptualised by Liljedahl (2005:220), as ideas spring to mind with
characteristics of brevity and sudden clarification. Such experiences are the
discoveries of new understandings and new theories, exemplified by the
statements such as “oh! Is that what you mean?” or “Why don’t they say so, then?”
(Haylock, 2010:10). These “aha moments” signify that there are multiple
interpretations of reality (Chilisa, 2012:40) and suggest that learners knew this
information earlier. In simpler terms, this illustrates assessment which is
continuous whilst teaching and learning is happening. It is clear that interaction in

class in intertwined with assessment.
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Rieber & Noah (2008:81), Van De Walle et al. (2010;B-2) and Vankus (2008:106)
believe that the teaching strategies in the teaching of problem-solving must ensure
that there are means or mechanisms in place to encourage discourses, dialogue,
and deeper levels of learning that go beyond the playing of indigenous games
context. The game may be of benefit to learners to organise mathematical content

into well-expressed patterns and support them set up and monitor learning goals.

2.5.2.6 Adequate content knowledge among teachers

According to the DoE (2005;5) and Van de Walle et al. (2010:9), it is essential that
teachers have profound, flexible, and adaptive knowledge of problem-solving, so
that it becomes easy to teach problem-solving in a manner that develops interest
among learners. This is in line with Pascuzzo’s (2010:233) claim that the mastery
of content knowledge alone is no t enough, but rather the teachers have to couple
content knowledge with good pedagogical methods. Pascuzzo (2010:234) refers
to this as ‘content pedagogical knowledge’, by which teachers demonstrate sound
and significant knowledge on problem-solving. They understand the theories of
learners’ development across a spectrum of diversity and are able to utilise

various modes of teaching, learning and assessing of problem-solving effectively.

In the previous sections it was argued that all activities in the teaching of problem-
solving were jointly crafted (involving learners and parents), and assisted teachers
to move away from teacher-centred approach to interactive learning (AATM,
2006:5). This allowed teachers to learn from their peers and learners ways to
teach certain content areas differently, and in an effective way for learners to
comprehend them. Among other modes of learning is the inquiry-based approach
(Habler et al., 2011:170), an alternative to the ‘chalk and talk’ method, which
forces learners to learn without understanding (Ellis, 2013:94). In order to make
learners enjoy problem-solving, the use of culturally and locally contextualised
resources materials such as indigenous games are to be considered for deep

understanding of problem-solving).
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2.5.2.6.1 Lesson plan shows high standard

In order to build on prior knowledge of learners it is crucial that the lesson plan
incorporate contextualised resources, such as using indigenous games to teach
problem-solving. AAMT (2006:4) and Samson (2013:47) emphasise that these
contextualised resources afford an opportunity for learners to explore a diverse
array of mathematical ideas in a meaningful and engaging manner. Not only do
the use of indigenous games to teach problem-solving often lead to serendipitous
moments of mathematical discovery, they also provide an opportunity to nurture
curiosity and creativity, both of which are important components of a healthy
mathematical disposition. It is for this reason that it is important that the lesson
plan designed by teachers be an interactive one, and that it allows for
spontaneous, self-directed learning. For instance, NCTM (2008:1) and Van de
Walle(2010:C-7,C-8) cite the Nextu as a game that can be used to stimulate
mathematical thinking of learners. The board has a symmetrical pattern of regular
polygons, and the teacher can ask learners to describe and analyse shapes and
so develop an understanding of congruence and symmetry. The Nextu board

game has important factors required for a child’s geometric education.

2.5.2.6.2 Class activities/tests

Haylock (2010:16), Moon-Heum and Jonassen (2009:117) and Van de Walle et al
(2010:33) contend that class activities should ensure that learners enjoy problem-
solving and also engage learners’ intellect by developing mathematical
understanding and skills. They suggested that after the learners have played the
Nextu game board game, the following activities can be suitable for learners to
work on: Which regular polygons are adjacent to each other on the board?; Which
regular polygons are the strongest game pieces? Explain your answer; why do
you think a regular triangle, square, and hexagon (with sides of the same length)
were chosen as the shapes for the game board? and Why do you think the game

designer chose a tessellated game board? (NCTM, 2014:1).

Samson (2013: 47) supports the above arguments that as learners work in groups

they are going to generate many different solutions, to the extent that the number
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and variety of solution strategies arising in the discussions surprised many of the
learners. This also supports the statement that the teacher should not be seen as
a powerful human being who has all the answers. Rather, the teaching and
learning of problem-solving should be guided by a perspective that all learners are
capable of producing multiple realities and knowledge shaped by their
experiences (Chilisa, 2012:40).

2.5.2.7 High motivation among teachers

According to Naidu (2013:1) and Keles, Haser and ve Kog¢ (2012:735), Olatunde
Yara and Omondi Otieno (2010:127) the motivation of teachers in boosted by
several factors in the teaching and learning of problem-solving skills, such as,
sustainable learning environment and content activities that engage the learners
throughout the learning session. These help learners in learning problem-solving
skills in a more meaningful way and games and other activities play a vital role in
linking the subject matter of problem-solving to real-life situations. The diversity of
teaching methods in the teaching of problem-solving skills, which focus on learner
engagement and arouse and maintain the interest, serves as a prime motivation
for the teacher. The use of new materials in the teaching and learning of problem-
solving skills allows the teacher to move from theoretical exercises that may not
create interest to learners. It engages learners in new or exciting and practical
activities that will ultimately enhance their performance. For Yildirim (2012:167), a
positive motivation of teachers is more likely to be influenced by motivated
learners, those who are actively engaged in problem-solving skills, and those who
perform well in assessment tasks. In turn, learners expect teachers to be

supportive in their learning, and innovative and creative in designing programmes.

2.5.2.7.1 Lesson planning

According to Elvis (2013:44), Keeley & Tobey (2011:35) lesson planning in the
teaching and learning of problem-solving is important. The planning stage focuses

on objectives of the lesson, justifications (why is it important to be learnt or taught),
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mathematical concepts, strategies for teaching and learning, assessment and
resources. Lesson planning ensures that high standards of teaching and learning
are maintained, through which learners will make progress. Learners’ feedback is
valuable as it enables the ‘feed-forward’ process to take into account their
aspirations. The indigenous games encapsulate the rich wealth of resources
(Yosso, 2005:69) which learners are exposed to or with which they are familiar. In
this way the subject matter and the methods of teaching are matched to the

learners’ needs.

It is important that in the planning stage the teacher is able to reshape the ideas
from learners and parents and represent knowledge in different ways, so that it
makes meaning to learners. All these consolidated learning objectives are realised
in the end, but this is only possible if the teacher has confidence in his or her own

knowledge.

2.5.2.7.2 Class interaction is learner-centred

As lesson planning involves all parties, that is, learners, teachers and parents, it is
imperative that interaction is made possible in the teaching and learning of
problem-solving (Anthony & Walshaw, 2009:154). This concurs with the claim of
Elvis (2013:44) that class interaction is the transaction stage, that is, when the
execution of the plans are made earlier. It is the interaction or interplay between
learners and teachers, and more importantly among learners themselves,
necessary for effective learning of problem-solving to take place. This confirms
Jonassen’s (2003:267) belief that mathematical problem-solving involves situated
and socially negotiated methods to authentic, intricate problems.

According to Jonassen (2003:267) cited Riley, Greeno, and Heller (1983), story
problems penetrate mathematics curricula, from preschool or preprimary to higher
education sector. From simple combined problems in beginning mathematics
(e.g., Kwambi has three token cows. Thabo gave Kwambi 3 more token cows.
How many token cows does Kwambi have in the end?) to complex problems in
thermodynamics. Story problems are commonly used in formal setting education

and there is no indication that suggests this dominance is declining. The
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underlying factor of story problems relates the learning of the child to lived
experiences (Lynn, 2004:184). It can thus be argued that the use of indigenous
games incorporates the marginalised knowledge of the child into the learning of
problem-solving. They enable the interaction among learners to happen
spontaneously, while in the process teachers monitor the progress by supporting

learners where possible.

2.5.2.7.3 Assessment based on high order questioning

As demonstrated above, in section 2.5.7.2, within lesson planning the assessment
is central. Chinn (2012:9) demonstrates that assessment; teaching and learning
processes should be interlinked and continuous. They are also used to identify
problems with the learning of problem-solving and diagnose problems that hinder
their understanding. In addition, Chinn (2012:0) and Elvis (2013:44) point out that
assessment is about measuring the learners’ achievement, skills and deficits, as
well as checking whether the intended outcomes or objectives in the teaching and
learning problem-solving have been reached. If not, then in next cycle of planning
remediation can be attempted. In reiterating section 2.5.2.7.2, once learners have
an understanding of simple problems it becomes easier to handle complex
problems, as demonstrated by Fellows and Koblitz (1993:372, 382), in that we use
kido Krypto, but are unaware of doing so. It would be interesting to adapt these
ideas in the teaching of problem-solving, so as to convey some of the richness
and interconnectedness of problem-solving and at the same time give oneself
flexibility when using the game in the classroom. The mathematical content
embedded within the game include hash functions and cubic functions. These are
high order concepts which are needed in understanding basic rules of Kido
Krypto.

2.5.2.8 High expertise with regard to classroom practices

For the effective teaching and learning of problem-solving, teachers must be able

to manage and control the didactical situations in the classrooms. A deep
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knowledge of problem-solving makes the teacher confident about himself or
herself and able to understand the appropriate theories of learning. Teachers who
are aware of different approaches will make sure that learners learn mathematical
content (Tamsin, 2013:491; Van De Walle et al., 2010:B-2). In addition, the
learning environment should be conducive to learning and the created learning
context will encourage the development of mathematical skills and proficiency. For
instance, Fergusson (1968;1-7) cited Whinihan (1963), indicates that learners
were playing Nim (any type of "take-away game" in which players alternate in
removing counters, and the player who takes the last counter wins). The analysis
of this game resulted in the Fibonacci pattern, given as F1 =1, F2 =2, and Fn+1 =
Fn+ Fn—-1forn =2, thatis, 1, 2, 3,5, 8, 13, 21, 34,55, . . ..

Thus, teachers need to reflect regularly on what and how they are teaching
problem-solving, by using games that stimulate learners’ thinking. Also, by
providing regular feedback to learners they can help learners to discover

mathematical content (Harringto & Brasche, 2011:23).

2.5.2.8.1 Lesson planning has adequate resources and activities

As the lesson planning is carried out in collaboration with the learners, this helps
to place the content within their context (NCTM, 1999:5). There is a high level of
interaction among learners, most of whom are familiar with the teaching resources
(Harbin & Newton, 2013:542) used, such as storytelling and indigenous games.
Leornard (2008:135) argues that these familiar resources, for example, the Village
of Round and square Houses, equip learners with mathematical content such as
measurement, area and perimeter. These resources are rich in mathematical

concepts which improve learners’ interest and motivation to learn problem-solving.

2.5.3 Conditions for components of emerging framework to work

In section 2.5.2 the eight components of the framework for using indigenous

games to teach problem-solving were discussed. In this section the contextual
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factors corresponding to each of the components will be discussed, that is, those
that ensure that the components of the framework of using indigenous games to

teach problem-solving are implemented without any distractions.

2.5.3.1 Conducive conditions for meaningful subject matter to enhance the

learning of problem-solving skills

According to Lynn (2004:154), Preus (2012:75); the Republic of Rwanda Ministry
of Education (2006:91) and Yosso (2002:94), for meaningful subject-matter in the
learning of problem-solving, the home environment must be replicated in the
classroom. This can be done through the playing of indigenous games, in which
learners are able to find embedded mathematical content. Through the playing of
such games as Kido Krypto, nextu and morabaraba (Mosimege, 2000:457; NCTM,
2008:1), learners identified mathematical concepts of operations, cubic, hash
functions and different geometric configurations. This intermingling of home and

school cultures helped them to understand the problem-solving.

However, Haylock (2010:9) and Yosso (2005:78) point out that the linguistic
capital and familial capital possessed by learners means they are able to define
mathematical content for themselves and learn from others through interaction. On
its own, mathematical language is too technical and too specific to the subject,
and thus reinforcement or clarification is made through the language used in
everyday life. It is argued by Bush et al. (2010:164) Setati and Adler (2002: 135)
and Wong and Lipka (2011:823) that code switching is appropriate for learners to
gain deeper meaning (Averill et al., 2009:181) of the mathematical concepts. This
encourages learners to construct their own discoveries of problem-solving
concepts (Dennis & O’Hair, 2010:5).
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2.5.3.2 Contextual factors making learner-centred methods of teaching

problem-solving skills conducive to the emerging framework

Learners are given a chance to play indigenous games or observe their parents
play them, which allows them to explore and visualise mathematical content and
concepts infused within the games (Republic of Rwanda Ministry of Education,
2006:89). Yosso (2002:95) citing Bell (1992) points out that by giving learners
liberty to visualise and extract mathematical content they are actively involved in
the learning of problem-solving. They enjoy playing indigenous games, while at
the same time learning of problem-solving is taking place (Mosimege, 2000:11,
12). Also, this is viewed as the building of problem-solving from the marginalised
knowledge of the people at the bottom of the society. The excluded knowledge of

the learners is acknowledged and validated in the mainstream curriculum.

Cole and Griffin (1987:13) assert that the circumstantial factors are such that
learners interact not only between teachers, but also among learners themselves.
There is enough time allocated to class activities and presentations to
authenticate time on task, that is, time learners spend engaged in activities, and to
increase their understanding of problem-solving. For Preus (2012:62), the
conditions reigning in the classroom environment are such that learners engage
with their teachers and peers on the subject matter in a way that builds on shared
understanding of mathematical content. The teacher as the group facilitator asks
probing and persistent questions that ensure learners discover information and
definitions on their own. The facilitation by teachers and parents in different small
groups ensures that there is no ‘off task’, where learners deviating from the activity
discuss matters not related to the given task, but time ‘on task’ prevails during

their interactions.

2.5.3.3 High level of motivation/interest among learners

The contextual factors that influence learners to develop interest in the learning of
problem-solving are to a large extent influenced by the teaching methodology
used by the teacher. Learners are motivated to pursue the goal that has the

highest value to him/her (Ambrose et al., 2010:74, 75). The adequate support
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given to learners in their interactive groups, that is monitoring their progress
closely and valuing the prior knowledge they possess, are the factors that
expedite high motivation (Preus, 2012:61). The comments given by the group
facilitators (teachers) are specific and build learners’ own understanding of
problem-solving, and encourage them to make further exploration, rather than the
teacher giving general comments, such as “good work’, which is positive but does

not pinpoint the learner’s specific strengths.

Dennis et al. (2010:12) write that extrinsic motivation from the teacher can result
into intrinsic motivation for the learners. The groups are instituted in class and
more time is spent on activities that motivate learners in their learning. They may
also form small groups when studying problem-solving, and benefit from working
with teachers and parents in learning problem-solving. Hence, learners display
affective outcomes (such as tolerance, self-acceptance, trust and security) when
interacting with teachers and their peers (Roux, 2009:591). In class presentation
they have tolerance, whereby they allow different views in their learning of
problem-solving. They show self-acceptance by defending their convictions on
certain definitions of mathematical content. For instance, Wong and Lipka
(2011:823,827) show that rather than verifying the square using Euclidean proof,
that is a square has four equal sides and all angles are right angles, from a Yup’ik
perspective, learners verify the square using transformational geometry. To do so,
it was imperative that teachers understood the -cultural activities (such as

indigenous games) and mathematical content embedded within them.

2.5.3.4 Circumstantial factors for learners to discover problem-solving skills

formulae and processes

The atmospheric conditions in the classroom make it legitimate for learners to
interact freely among themselves and not depend on the teachers to transmit
information to their minds. As Yosso (2002:96) quoting Delgado (2000) illustrates,
it is advisable for teachers to teach problem-solving in a manner that learners are
seen as holders and creators of knowledge. Learners use the wealth of knowledge

they possess to discover mathematical ideas embedded in indigenous games. As
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a result, teachers need to use various approaches to teach problem-solving. This
supports Dennis et al.’s view (2010:5) on disciplined inquiry as a method that uses
prior knowledge of learners in an attempt to understand problem-solving on a
deeper, less superficial level.

Dennis (2010: 4) and Preus (2012:62) argue that activities designed for learners
ensure that high order thinking is maintained, in such a way that teaching and
learning of problem-solving involves learners in manipulating, synthesising,
generalising, explaining and arriving at informed conclusions that produce new
meanings and understanding for them. This is illustrated by Mosimege (2000:12,
17), in the play of a string game that enables learners to discover a pattern that
shows relationship between quadrilaterals and triangles. The relationship between
triangles and quadrilaterals is given as y = 2x+2 (Mosimege, 2000;16).

2.5.3.5 Appropriate conditions for parents to be highly involved in the
teaching of problem-solving skills

The conducive conditions reigning in the schools are of the nature that the
knowledge of the excluded people is more central than peripheral (Lynn, 2004;
Yosso, 2002:99). Parents are permitted to collaborate with teachers in the
teaching and learning of problem-solving using indigenous games. The
connections and relationship between parents, teachers and learners exemplify
the democratic atmosphere in the teaching and learning of problem-solving
(Dennis, 2010:8). This concurs with Bush et al. (2010:164) and the Republic of
Rwanda Ministry of Education (2006:91) that the involvement of parents in the
teaching and learning of problem-solving creates a rich and positive learning
environment at home and at school. The advantage of engaging parents is that
they bring their wealth of knowledge of indigenous games, which encourages
learners to experience mathematical ideas infused within them. The presence of
parents promotes confidence and help learners believe that they can think
mathematically. In this way the conditions are such that teachers and parents talk
about problems with particular learners and their learning and/or disciplinary
issues (Averill et al., 2009:181; Dennis, 2010:11).
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2.5.3.6 Contextual factors that enhance content knowledge among teachers

on problem-solving skills

The DoE (2003:5) and AAMT (2006:2) expect that all teachers teaching problem-
solving must have high content knowledge and high skills, and demonstrate
mastery of pedagogical content knowledge, that is, how the problem-solving
content is effectively taught to learners. In imparting the content knowledge to
learners it is important that teachers understand how problem-solving is
represented and communicated to the majority of learners. Of importance here is
understanding the connections within problem-solving, between mathematical
content areas and other subject area, and how problem-solving is related to the

society.

This concurs with the view of Posamentier and Krulik (2009: viii) that the teaching
of problem-solving, if conducted more easily and neatly, and with greater
understanding, will be more enjoyable to learners. Also, an encouraging and
enabling parental involvement helps provide effective role models for learners.
Wong and Lipka (2011:822) examined teaching measurement, patterns, numbers
and algebraic thinking and cultural artefacts used in Yup’ik, in which parents were
invited to be part of a Mathematics Cultural Context (MCC) project. This
encouraged learners to view problem-solving with positive attitudes as they

realised that the resources were from real-life situations.

Bush et al. (2010:165), Habler et al. (2011:18) and Dennis (2010:19) write that
teachers who engage in lesson study in collaboration with other teachers, to plan,
present lessons, and make after-class presentations in which they comment on
strengths and weakness observed for future improvement, increase their chances
of exploring variety of ways of teaching and assessment of problem-solving
effectively. Teachers learn from their peers how to contextualise mathematical
content for learners to comprehend it easily. This ensures that teachers remain

lifelong scholars and subject specialists in their fields of specialisation.
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2.5.3.7 Conducive conditions for high motivation among teachers

According to Dennis (2010:15), the conducive factors that contribute to high
motivation among teachers are working together in the teaching and learning of
problem-solving, seen as a driving force that accelerates momentum to work
harder. Teachers’ involvement in professional groups or lesson study sessions, in
which they plan together, learn from one another and give them confidence and
self-esteem to present problem-solving in various way for learners to comprehend
in a simpler way. The feed-forward technique (Kelley & Tobey, 2011:89) provides
an opportunity for teachers to reflect on how they use feedback received from their
peers to improve on their next lesson presentations. By the time the peer feedback
IS given in such a motivating way it has built the confidence of the respondent
teacher, particularly if the weaknesses identified are not put in a way that kills the
spirit of others. Another circumstantial factor is the support teachers receive from
the SMT and district officials (Bush, Jouberty, Kiggundu, Van Rooyen, 2010:162-
165). The support is developmental, that is, wanting to identify the cause of the
problem, such as why learners do not perform well in problem-solving and also

think aloud or work together with teachers to arrive at the solutions.

This supports what Bush et al. (2010:166) and Kelley and Tobey (2011:99) refer to
as ‘ friendly talk probes’ that SMT, district officials, teachers, learners, parents,
other community members engage in on the misconceptions of learners with
regard to mathematical concepts or content. This encourages teachers to realise
that they are not alone in assisting learners to attend problem-solving. In addition,
Dennis (2010:9) points out that such conducive factors breed more conducive
factors, such as better attendance by learners, and learners cooperate with
teachers in their respective classes. This is motivating for the teachers to excel in
their teaching practices of problem-solving. As learners show commitment and
dedication towards their schoolwork, there is a higher pass rate in district
standardised assessment tasks, and final examinations tasks (Bush et al.,
2010:164; Moloi & Chetty, 2011:1).

On the other hand, Dennis (2010:15) asserts that prevalence of the conducive
conditions in the teaching and learning of problem-solving reduces teacher
burnout, that is, they lose interest and do not make an extra effort to help learners
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to perform better in problem-solving. In most cases there are more reasons than
resolutions as to why learners do not perform well in problem-solving (Bush et al.,
2010:167).

2.5.3.8 Circumstantial factors that enhance teachers’ expertise with regard

to classroom practices

According to Bush et al. (2010:165,167 and Dennis (2010:15,19) teachers’
expertise in the classroom practices is expedited by their involvement in the
professional development groups, that is where teachers plan and present lessons
while their peers assess them. Their peer teachers focus on the strengths and
weakness that they need to improve on. Bush et al.(2010:168) noted that in South
African context, the middle leaders, such as senior teachers and HoDs, need to
ensure that fundamental tools for managing teaching and learning of problem-
solving are implemented and monitored effectively. Bush et al. (2010:165) in
Southworth (2004) and Dennis (2010:10,17) illustrate the following tools for middle
managers: modelling, in which the middle manager leads by example, that is
presenting the lesson in the presence of his/her peers so that they copy good
practices; and dialogue, that is observing teachers presenting the lesson in class,
and thereafter providing feedback on strengths (comment of good practices of the
teacher) and weakness of the teacher, so as to improve in the next presentation.
Again, the middle manager together with teachers, parents, district officials and
community members are tasked to set up structures and systems that ensure
effective teaching and learning of problem-solving in classes. They also see a
close link between good monitoring and good teaching (quoting Office of
Standards in Education(Ofsted), 2003).

On the other hand, Habler et al. (2011:17, 18) and Preus (2013:70) argue that the
conditions prevailing in class are such that there is close interaction and
collaboration among learners themselves, and between their teachers in the
learning of problem-solving. The types of questions or activities in which learners
are engaged allow them to construct their own meaning for mathematical

concepts. For instance, Habler et al. (2011:240 demonstrate the play of Kechui (a
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strategy game) as an example of indigenous games that teach learners to weigh
alternatives in a series of additions and subtractions of small numbers. As Habler
et al. (2011:24) and Wong and Lipka (2011:825) state, in the classroom
environment the learners, teachers and parents identify and clarify the
mathematical content embodied in the cultural activity, such as indigenous games
and cultural artefacts, then re-contextualise the knowledge of elders to fit a
modern mathematics curriculum. They further contend that learners come to
school with well-developed informal systems of mathematical content by Romberg
& Carpenter, 1986).

254 The factors that threaten the implementation of the emerging

framework

The previous section explored conducive conditions in detail. These are the
conditions that one must take into consideration for the emerging framework of
teaching problem-solving using indigenous games. Thus, it is important for one to
be mindful of possible threats and the risks factors that might prevent the
framework of teaching problem-solving using indigenous games working
effectively as anticipated. As a result, this section presents a detailed discussions
of possible threats, and gives an account of how to circumvent these risks factors
for the framework to produce desirable results.

2.5.4.1 Risks factors that impacted on subject-matter in the teaching of

problem-solving skills

The use of indigenous games in the teaching of problem-solving, amongst other
things, is intended to make the subject matter more easily accessible and
meaningful to learners. The exciting part of using the framework is that learners
learn in a fun way, and use their cultural wealth knowledge to understand
mathematical content more easily. The framework tapped into the cultural
background and the context of learners when explaining the mathematical
concepts (Graven et al., 2013:4; Murray et al., 2011:72).
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On the other hand, there are risks factors that threaten the meaningfulness of the
subject-matter. Bush et al. (2010:164,166), Chick (2002:474) and Preus (2012:77)
point out that the noisiness of learners might disturb other classes. As a result, this
might lead the principal and SMT to withhold support for the framework of using
indigenous games to teach problem-solving. In schools there are certain leaders

who do not encourage innovation among teachers.

Insufficiency of materials is cited by Wedin (2010:145) and Yosso (2002:101) as
helping teachers to extract mathematical concepts from the indigenous games.
Meanwhile, another problem for Hornberger (2005:3) is the common use of
English as a language of access in the teaching and learning of problem-solving,
which leaves non-English-speakers, particularly parents, disadvantaged and
effectively excluded from the classroom discussions. As a result, certain parents
feel isolated in the teaching and learning of problem-solving. This supports Chick’s
(2002:463) argument that at times dominant groups use English to stigmatise the
contributions of parents, who are not fully conversant in English.

Thus, in surmounting the risks factors for the framework of using indigenous
games to work effectively, Bush et al. (2010:164) and Chick (2002:463,470) argue
that code-switch is allowed so that all team members are accommodated in
classroom discussions. It is wrong to perceive the use of indigenous language in
the learning and teaching of problem-solving as rebellious. This supports
Hornberger (2005:5,6) citing US Supreme Court 1954:Syllabus|(e)] Title VI of the
Civil Rights Act of 1964 and the Equal Opportunity Act of 1974 and the
Constitution of Republic South Africa Act 200 of 1996:14-15 that eleven listed
languages are official and they can be used in any informal and formal settings.
Use of any language is a basic human right and no state or educational agency or
schools shall deny educational opportunities to individuals because of not being
conversant in English. The use of indigenous languages is useful to explain
mathematical concepts in a more understandable way. this is amplified by Setati
et al,(2002:143) that teachers used code-switching frequently because learners do

not understand English. Also, Setati et al(2002:129) found that teaching problem
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solving in the mother-tongue of learners is easier for learners to understand and

ask questions freely.

Chick (2002:473,475) argues that some school principals or SMTs believe in ‘one-
at-a time discourse’ in the teaching and learning of problem-solving, by which the
teacher is active and learners are passive. The conditions are such that learners
are negatively sanctioned for calling out that they know the answer asked by the
teacher. Learners are urged to keep quiet until nominated to respond by the
teacher. To make matters worse, side-talk with other learners is discouraged.
Then, if one is not following this approach in the teaching and learning of problem-
solving, the class is labelled as noisy. Bush et al. (2010:166) point out that in
schools in certain part of Mpumalanga province the instructional leadership is poor
and weak in teaching and learning matters. As a result, teachers are not well
supported on new National Curriculum matters introduced by the DoE. In addition,
the DoE (2003:2) encourages teachers to actively involve learners in the teaching
and learning situations. Chick (2002:475) argues that once learners are put in
small groups to work on class activities there is quick progress made as the faster
and brighter explain to others what is required. Teachers are expected to have
knowledge on mathematical content and encouraged to attend content workshop
organised by the departmental officials. It is further to their advantage to be
members of professional bodies, international bodies such as National council of
Teachers of Mathematics (NCTM) and national bodies such as Association of
Mathematics Educators of South Africa (AMESA).

2.5.4.2 Risk factors that threaten the methods of teaching problem-solving

skills

According to Dada et al. (2009:24, 26) and Dennis (2010:11), teachers complain
about the lack of time to prepare, plan and present problem-solving. At times they
have to stay long hours after school, preparing for the next lessons. The
ineffective teachers will derail the framework of using indigenous games to teach
problem-solving. In most cases teachers who are about to retire are not willing to

change for new approaches in the teaching of problem-solving. Teachers and
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parents need to be effective facilitators in the teaching and learners, such that
they monitor each group (learners in their small groups) to ensure it is working on
the given tasks. Group members (learners in a group) will not be in the positions to
discuss irrelevant matters, or in a situation where only one member (learner) is
active during feedback sessions to a larger group. In addition, Lynn (2006:18) and
Yosso (2002:102) point out that teachers need to be mindful of the traditional
ways of teaching problem-solving, which tend to be oppressive to learners. It also
perpetuates the inequality if the few learners receive more attention than others in
learning problem-solving. This concurs with Chick’s (2002:476) use of one-at-a
time discourse, in which the teachers discourage interaction among learners, and

only concentrate on the few learners when asking questions in class.

In circumventing the observed risks, Preus( 2012:62) argues that from the onset
once the preparation , and planning is properly done, these can be duplicated for
future use. Also, Hardman, Ackers, Abrishamian (2011:12) assert that for effective
teaching and learning, teachers must ensure that learning outcomes in the
classrooms are achieved. That in itself suggests that it is important for team
members to do thorough preparations on the class activities to be performed by
learners. The team members must ensure that time on tasks is not compromised
during learner interactions. Time on tasks is time fruitfully spend by learners when
engaged in activities. All other members need to assist by assisting in various

groups, not be given them answers

2.5.4.3 The risks factors that derail high level of motivation among learners

According to Averill et al. (2009:179), there are teachers or educational
practitioners who perceive the use of indigenous in teaching problem-solving as
unimportant, irrelevant and unsophisticated. Hence, learners even forget to note
mathematical concepts or mathematical content extracted in the indigenous
games during the class interactions. However, Habler (2011:23), Lynn (2004:162)
and Mbalula (2012:3) point out that it is the duty and responsibility of teachers to
encourage the youth to embrace indigenous games, as they are important in

contextualising the abstract mathematical content. There is a myth that
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marginalised communities are disadvantaged in terms of their cultural practices,
that is, their playing of indigenous games is construed as ‘barbaric’ and
‘backwards’. Cultural practices can include language, ways of surviving and
various indigenous games played in rural societies. The indigenous games were
deliberately neglected by successive regimes of South Africa and they were also
suppressed, to the extent of those playing them being labelled as lazy, immoral,

unintelligent, and ignorant.

The DBE (2009:8) advocates teaching and learning of problem-solving as realistic
and not contrived, and the contextual problems to include issues relating to social
and cultural context whenever possible. Likewise, the Constitution of the Republic
South Africa (Act 200 of 1996:14-15) acknowledges that everyone has the right to
participate in any cultural practices and indigenous games of their choice. It is
imperative for Mathematics teachers to weave these rich cultural stories into their
teachings, to give learners the complete picture of mathematics as a living,
breathing, exciting, and adventurous endeavour of the human mind and spirit
(Tennant, 2003:6).

2.5.4.4 Factors that threaten the self-discovering of problem-solving skills

formulae and processes

The new curriculum encourages learners to discover mathematical contents and
skills on their own (Chick, 2002:474; DBE, 2011:4; DoE, 2003:2). At times
teachers are tempted to be quick to give learners correct answers before they
have explored the problem. As Yosso (2002:101) argues, this type of teaching
limits learners’ access to deep understanding of problem-solving skills. On
contrary, Bush et al. (2010:164, 166) citing Henefe