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ABSTRACT

South African Mathematics Challenge participation: Developing problem-solving skills
in mathematically-gifted disadvantaged learners

The purpose of this study is to examine whether Olympiad participation can develop problem-
solving skills in mathematically-gifted learners from disadvantaged schools. My
methodological approach was QUAN->Quial, using a quasi-experimental design with a non-
equivalent comparison group. | chose two schools from the same disadvantaged area, and
identified the top 50 Grade 7 learners in each school by mathematics marks. The study
consisted of a pre-test, three mathematics sessions and a post-test. The Study Orientation in
Mathematics Questionnaire (SOM) (Maree, Prinsloo, & Claassen, 2011) was used as the pre-
and post-test, and a focus group explored the learners’ experience of the SOM. In the
mathematics sessions, the intervention group worked through past papers of the SA
Mathematics Challenge (South African Mathematics Foundation, 2018), and the alternative
intervention group completed worksheets from a Department of Basic Education workbook.
My study revealed a positive relationship between success in traditional Mathematics
and Study Attitude, Study Habits and overall Study Orientation, and an interaction between
disadvantage and success in Mathematics. Participants were less disadvantaged than their
surroundings would indicate, and had higher Mathematics anxiety than expected for their
achievement level. The intervention did not increase problem-solving behaviour and both the
quantitative and qualitative findings showed that the participants found the Olympiad type
questions unfamiliar and difficult. This unfamiliarity is indicative of the limited enrichment
opportunities for mathematically-gifted learners in disadvantaged areas of South Africa.
Greater experience of Mathematics Olympiads is suggested to help mathematically-gifted

disadvantaged learners live up to their problem-solving potential.
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CHAPTER 1 - INTRODUCTION

Chapter 1: Overview

Chapter 1 serves as an introduction to my thesis. Firstly, | cover the rationale and purpose for
undertaking this topic, then detail the research questions and hypotheses that were used to direct
my study, and define concepts particular to the study. Thereafter | situate the study within my
conceptual framework of giftedness, and then | show the paradigmatic perspective from which
| view the study, before describing the research methodology used. | conclude the chapter with

an examination of the ethical issues that | considered.

1.1 INTRODUCTION AND RATIONALE FOR UNDERTAKING THE STUDY
1.1.1 Gifted disadvantaged children in South Africa

Gifted children are South Africa’s future leaders, scientists and researchers and according to
Lubinski and Benbow (2006, p. 316), “Those countries that flourish will be the ones most
effective in developing their human capital and in nurturing individuals who will come up with
the best ideas and innovations of tomorrow”. Although in South Africa the term “gifted
children from economically disadvantaged areas” is generally preferable, I have chosen to use
“gifted disadvantaged children”, for succinctness, and in line with international trends.

Gifted children in South Africa are typically “undervalued and under-served” (Van der
Westhuizen, 2007, p. 1), particularly disadvantaged children, who do not have access to quality
education. According to Statistics South Africa (2017), there were thirteen million children age
0-17 in South Africa (SA) living below the upper-bound poverty line (UBPL) in 2015. This
figure represents 66.8% of SA’s children. Definitions of giftedness vary from 2% to 5% of the
population, which means that roughly 260 000 to 650 000 children in South Africa are untapped
potential as both gifted and disadvantaged.

Education potentially facilitates an escape from poverty in SA: only 8.4% of adults with
higher education are living below the UBPL compared to 79.2% of those with no education
and 69.2% of those with only primary school education (Statistics South Africa, 2017). The
effects of education are cumulative down generations: 70% of the black middle class send their
children to former model C and private schools (Brown, 2016). Attending a Former Model C
school confers significant advantage: only one in seven learners from former black schools
gain an endorsement which allowed them entrance to university, but one in two learners from

Former Model C schools achieve endorsements (Christie, Butler, & Potterton, 2007). If South
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Africa could facilitate increased graduation of students from university, it would not only
benefit the students and their immediate families, but benefit the wider community through
"general effects on societal development including wealth, health, politics, science, ethics and
culture” (Rindermann, Sailer, & Thompson, 2009, p. 20). Van Broekhuizen, van der Berg and
Hofmeyr (2016, p. 66) found that “while attending a quintile 1-3 school largely precludes
learners from gaining access to university, those who do make it into university tend to perform
almost on par with their quintile 4 and 5 counterparts”. This is an important finding, as it
implies that investment in the skills of gifted disadvantaged learners at school level (resulting

in more learners entering university) would pay off with more university passes.

1.1.2 Problem-solving skills in South Africa

For gifted disadvantaged individuals to develop into South Africa’s leaders they need to
develop skills that are valuable to the economy (Griesel & Parker, 2009). A study of employers’
requirements of Higher Education in South Africa recognised the value of problem solving in
the marketplace, and found that employers valued items such as “ability to recognize a problem
situation”, “ability to choose appropriate information address problems”, and ‘“a proactive
approach to problem-solving” (Griesel & Parker, 2009, p.18). It is these kinds of problem-
solving skills that the South African Mathematics Challenge emphasises (South African
Mathematics Foundation, 2020b)

According to Ruf (2005, p. 135) “it takes an extremely high intellectual level to teach
oneself reading, but it takes an even higher level to teach oneself math” so only a few gifted
learners would be able to teach themselves mathematics, and the rest (the majority of gifted
children) need to be overtly taught mathematical skills. This is borne out by my own experience.
Over 10 sessions, | prepared a group of nine gifted children for entry in the SA Mathematics
Challenge. The course included some overt teaching to assist children to recognise and handle
particular common types of Olympiad questions, but the majority of the course consisted of
the learners working through past papers from the SA Mathematics Challenge and SA
Mathematics Olympiad, alone and in pairs. All nine gifted children qualified for the second
round (a score of 50% or above). In contrast, at the end of teaching a module of Grade 8
geometry to gifted learners, | gave them ten geometry questions from the Grade 8 South African
Mathematics Foundation (SAMF) Mathematics Olympiad. In contrast to the children who had
undergone the Olympiad training course, these gifted learners only scored between 10% and

50%. | surmised that their lack of exposure to Olympiad-type questions put them at a
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disadvantage compared to the learners who had experienced many similar questions. This study

aimed to examine the validity of this conjecture.
1.2 PURPOSE OF THE STUDY

The purpose of this study was to examine the possible effects of Olympiad participation on
gifted disadvantaged children, particularly to explore whether Olympiad participation could
develop problem-solving skills in mathematically-gifted learners from disadvantaged schools.
Past papers to the SA Mathematics Challenge are freely available on the SAMF webpage
(South African Mathematics Foundation, 2018), so this was a cost-effective intervention.
Mhlolo (2015, p. 166) identifies mathematical competence as “key to the welfare of a
nation in the global economy” and warns of two groups that are most in danger of not realising
their full potential: mathematically-gifted children, and economically disadvantaged children.
Research in South Africa has largely neglected mathematically-gifted disadvantaged children.
Although there is extensive research on Mathematics education in South Africa, Engelbrecht
and Mwambakana (2016, p. 2) found that “little research has been done on the impact and
efficiency of mathematics olympiads”. There was a gap at the intersection of these two areas
of research, namely gifted disadvantaged children, and the impact of mathematics Olympiads.
There have been no studies on the potential benefits of the SA Mathematics Challenge or

Olympiad for gifted disadvantaged children. My research aimed to fill that gap.
1.3 RESEARCH QUESTIONS

Flowing from this gap in the body of knowledge, the primary research question was as follows:
How valuable is participation in the SA Mathematics Challenge for developing problem-
solving skills in mathematically-gifted disadvantaged learners? This gave rise to the following

secondary research questions:

1. What are the essential aspects of current (group-based) programmes aimed at enhancing

the problem-solving skills of mathematically-gifted learners in disadvantaged schools?

2. What is the impact of three hour-long facilitated sessions doing SA Mathematics
Challenge past papers on mathematically-gifted disadvantaged learners’ study

orientation in mathematics in general?
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3. What is the impact of three hour-long facilitated sessions doing SA Mathematics
Challenge past papers on mathematically-gifted disadvantaged learners’ problem-solving

skills in particular?
1.4 HYPOTHESES

The following two main null hypotheses that guided the study were:

1. There is no significant difference between the pre-test and post-test mean scores for the

two groups.

2. There is no significant difference between the post-intervention scores of the two groups

(intervention and alternative intervention).

My main alternative hypothesis was the following: There is a significant difference in the post-

test mean scores of the intervention and the alternative intervention group.

1.5 CONCEPT CLARIFICATION
1.5.1 Mathematically gifted

Giftedness is defined in a variety of ways in research literature, ranging from having an 1Q over
130, the top 3% to 5% of the population, or people with “extraordinary potential” (Streznewski,
1999, p. 5). For the purpose of this study, “mathematically-gifted learners” is defined as the

top 50 learners in a grade, based on their mathematics year mark for the current year.

1.5.2 Disadvantaged

The term disadvantaged can be used to mean someone who is from the non-dominant culture
(Lumadi, 1998). However, in this study, I have used the definition of Eriksson (1993, p. 107),
that “the term ‘disadvantaged’ is viewed in a socio-economic perspective — such children may
also come from different cultures, but are characterised by poverty and lack of adequate
educational and social opportunity”. The definition of disadvantage as being primarily an
economic issue is widely used in South Africa (Howie et al., 2017; Jamieson, Berry, & Lake,
2017; Modisaotsile, 2012; Reddy et al., 2015; Van der Westhuizen, 2007; Xolo, 2007). This
leads to a need for a definition of poverty.

1.5.3 The term “quintile schools” as a proxy for poverty

The Department of Basic Education categorises schools according to quintiles, or fifths of the

population, based on the poverty level of the communities surrounding the schools, with
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quintile 1 being the poorest, and quintile 5 the richest (Murray, 2017). Quintile 1 to 3 schools
are non-fee-paying. For the purpose of this study, a child attending a non-fee-paying school

was defined as disadvantaged.

1.5.4 Learners

| chose to involve a sample of Grade 7 learners for the study, for several reasons. The SA
Mathematics Challenge is written in May each year (South African Mathematics Foundation,
2017), which means that the Grade 7 paper is based mainly on work covered in the Intermediate
Phase. The Mathematics syllabus covers the same five content areas each year from Grade 4
to Grade 6 (Department of Basic Education, 2011). Studying Grade 7 learners reduces the risk
of basic mathematical skills acting as a confounding variable. Secondly, written problem-
solving questions require reading skills (Maree & Erasmus, 2006). South African Grade 4
learners performed very poorly on the PIRLS Literacy Study, with 78% unable to “locate
explicit information or reproduce information from a text” compared to 4% internationally
(Howie et al., 2017, p. 73). The language level of the Mathematics Challenge seems similar for
Grade 4 and Grade 7 (South African Mathematics Foundation, 2018), so it is preferable to

select Grade 7 learners.

1.5.5 Problem-solving skills

Maker (2006, p. 38) defines problem solving as “the process of answering questions, resolving
difficulties, creating solutions, and investigating perplexing situations”. For this study,
problem-solving ability was measured using the Problem-solving subsection of the Study
Orientation for Mathematics (SOM) (Maree et al., 2011).

1.6 CONCEPTUAL FRAMEWORK

For this study, | developed my own conceptual framework of giftedness, called the UPPS
framework of giftedness, based on my study of the literature. This framework is based on four
concepts: a unitary intelligence, from which potential can be developed, assisted, and/or
hindered by precocity (Piirto, 2004) and socio-emotional factors. | will describe this
framework and its development in Chapter 2, but | offer a summary of it in the following
paragraphs.

The first requirement of my conceptual framework of giftedness is that it refers to a
unitary concept of intelligence, what Spearman (1904, p. 201) called “general intelligence” or

g. This is supported by the research of many intelligence theorists since Spearman (Beaujean,
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2015; Benson, Beaujean, McGill, & Dombrowski, 2018; Carroll, 1993; Lohman, 2001,
Lubinski, 2016; McGrew & Evans, 2004; McGrew, 2009; Terman et al., 1926; Visser, Ashton,
& Vernon, 2006).

Second, my theory of giftedness is not defined by achievement or eminence.
Achievement is not routinely found in theories of giftedness, although Renzulli (1978, p. 182)
does have an aspect of it in his circle of “task commitment”. However, it is a commonly held
view in the wider community, including amongst teachers. This is demonstrated by the way
that teacher identification of gifted children tends to favour high-achieving children (Neber,
2004). An achievement-based definition of giftedness also denies the heritability of g, which
has been established in the literature (Knowles, 2008; Sauce & Matzel, 2018). Instead of
achievement, my conceptual framework is based on the potential of the gifted child. This
definition is well-suited to the context of disadvantage, in that a child can have potential without
having had a good education, or access to resources. It also enables “twice-exceptional” (both
gifted and learning-disabled) children to be included (Wissing, 2012).

Even though this might seem contradictory, I find Piirto’s inclusion of “precocity”
(Sansom, Barnes, Carrizales, & Shaughnessy, 2018, p. 98) in her definition of giftedness useful,
as it gives a practical framework for teacher interaction with gifted students without requiring
experience of gifted education. She states that gifted children have much in common with older
non-gifted learners, and that one can approach a young gifted learner as one would an older
child (Sansom et al., 2018). This framework has the advantage of supporting acceleration,
which is one of the most successful interventions for gifted children (Wai, 2015). A
disadvantage of this component of the framework is that it ignores the emotional level of the
young gifted child.

The last component of giftedness is the socio-emotional one, which | have included to
ameliorate the shortcomings of the precocity component. | borrow from the theory of
Dabrowski, specifically his five “over-excitabilities”, which are psychomotor, sensual,
intellectual, imaginational, and emotional (Daniels & Piechowski, 2009, p. 9). In my
experience, mutual recognition of gifted people is often by recognition of over-excitabilities,
for example recognising giftedness in a small child by their intense emotionality and

excitement for intellectual questioning.
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1.7 PARADIGMATIC PERSPECTIVES

Guba and Lincoln (1994, p. 107) define a paradigm as a “worldview” or “belief system” of the
researcher, underpinning the study. Similarly, Chilisa and Kaluwich (2012, p. 1) use the word
“view” to explain a paradigm. Sefotho (2015, p. 25) refines these definitions when he describes
a paradigm as “a philosophical lens” and recommends overt statement of a paradigmatic
perspective to a study because it “also helps the researcher to be congruent and consistent
throughout the study” (Sefotho, 2015, p. 26). An additional advantage of explication of a
paradigmatic perspective is that awareness of that perspective also affords both researcher and
reader an opportunity to see, and thereby reduce the influence of any slant to that viewpoint.

My chosen paradigm for this study is that of critical realism informed by pragmatism.
1.8 OVERVIEW OF RESEARCH METHODOLOGY

Chapter 3 contains a detailed description of the research methodology for the study. The

following is a summary of the salient points.

1.8.1 Research approach

This study utilised a QUAN—qual research approach. This means that while the overarching
approach was quantitative, one qualitative method was used in the study, namely a focus group.

This matter will be explicated in more detail in Chapter 3.

1.8.2 Research design

| used a quasi-experimental design, which is similar to an experimental design, but either
missing randomisation, or a control group (Keele, 2011). As with experimental designs, quasi-
experimental designs facilitate prediction (Guba & Lincoln, 1994) and allows for findings to

be generalised to the population from which the sample was drawn (Keele, 2011).

1.8.3 Sampling of participants

| used purposive sampling to choose the two schools to participate in my study, based on the
following criteria: quintile of the school (quintile 1 or 2); sufficiently large to have a large
number of Grade 7 learners in the school; similar in size to each other; and in the same area.

Within each school, | selected the top 50 learners by mathematics year mark.
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1.8.4 Data collection and documentation

My data collection method was testing within a Nonequivalent Comparison Group Design
which is a quasi-experimental version of the Pretest-Posttest Comparison Group Design (Engel
& Shutt, 2014). Additionally, as a result of ethical considerations rising from evaluation of
learners’ problem-solving skills using the Study Orientation in Mathematics (SOM) (Maree et
al., 2011), | facilitated a focus group discussion by a subset of the learners to get feedback on
their experience of the SOM.

1.8.5 Data analysis and interpretation

As this was primarily a quantitative study, most of the data analysis was completed using
Statistical Package for the Social Sciences (SPSS)(IBM Corp., 2017). | will cover the details

of the statistical analysis in Chapter 4.
19 ETHICAL CONSIDERATIONS

My study participants are considered “vulnerable” (World Health Organization, 2018) on two
counts: firstly as minors, and secondly as disadvantaged. | obtained ethical clearance from the
University of Pretoria and, because my research took place in schools, the Department of
Education (Department of Basic Education, 2017b). In addition to ethical clearance, | was
guided by the APA General Principles (Elias & Theron, 2012, pp. 150-152)

1.9.1 Beneficence and non-maleficence

The first principle of the APA General Principles means that the research should benefit and
not harm participants in the study. As participation in the SOM, which was used as a pre- and
post-test of problem-solving skills, could potentially be a negative experience for learners, |
held a focus group to explore the experience of writing the SOM.

1.9.2 Fidelity and responsibility

To avoid conflicts of interest, | chose schools with which I had no prior contact with either the
learners or the staff. To ensure that study participants and their parents, who most likely speak
English as a second or third language, would be able to understand the intake letter, | wrote it
in simple English and tested it on Grade 7 child and a second-language English speaker.
Additionally, the letters were submitted to the University of Pretoria ethics committee, adding

an extra check for ease of understanding and professionalism in my communication.
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1.9.3 Integrity

Integrity refers to the promotion of “accuracy, honesty and truthfulness” (Elias & Theron, 2012,
p. 151) in conducting research. |1 was self-reflexive in examination of all my written
communication with participants, both written and verbal, to ensure that the use of simple

English did not compromise the principle of integrity.

1.9.4 Justice

A study should be just in its extension of any services offered to the participants (Elias &

Theron, 2012). As a result, | administered an alternative intervention to the “control” group.

1.9.5 Respect for people’s rights and dignity

I respected for the participants’ rights and dignity (Elias & Theron, 2012) by ensuring
confidentiality of individual learners’ test results. Participation in the study was optional, and
subject to the signing of an informed assent form by the learners involved, and a consent form

by their parents, as they were minors.

1.10 OUTLINE OF CHAPTERS
1.10.1 Chapter 1: Introduction

Chapter 1 introduces the dissertation, covering why | undertook the study, and the research
questions that drove the study, and covering definitions of concepts used in the study. It gives
a brief introduction to the research paradigm, design, and methodology. Lastly, it touches on

ethical considerations.

1.10.2 Chapter 2: Literature study and conceptual framework

Chapter 2 examines the literature on giftedness worldwide, and in South Africa, paying
particular heed to the special situation and needs of disadvantaged gifted learners. Out of this
literature study comes my own theory of giftedness that drives the study, which is then

explained. The first research question will be addressed in this chapter.

1.10.3 Chapter 3: Research methodology

Chapter 3 describes in detail my research paradigm, design, and methodology, and covers

exactly how the study was implemented, to facilitate reproduction of the study.
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1.10.4 Chapter 4: Data analysis and results

Chapter 4 covers the statistical data analysis process and the results arising from the data

analysis.

1.10.5 Chapter 5: Discussion of findings
Chapter 5 presents the findings of my study and links them back to the literature to place my

findings in context.

1.10.6 Chapter 6: Conclusion

Chapter 6 summarises the other chapters in the dissertation before returning to answer the
research questions. It then discusses the strengths and limitations of the study, touches on the
ethical considerations before making recommendations for improvements to the research

project, and suggestions for further research.
1.11 SUMMARY OF CHAPTER 1

In this chapter, I discussed the value of studying gifted disadvantaged learners, both for their
benefit, and for their country. | highlighted the paucity of studies into the benefit of
participation in mathematical olympiads, and the gap in the literature where these two areas
meet, namely the benefit of Mathematics Olympiad participation for gifted disadvantaged
learners in South Africa.

| introduced the key concepts of mathematical giftedness, disadvantage, poverty, and
problem solving as well as introducing the learners who were the participants in the study. |
discussed the research questions and hypotheses that drove the study, and outlined the quasi-
experimental design, quantitative methodology, and ethical considerations that inform the
study.

Lastly, I situated my study within a context, firstly of my own conceptual framework
of giftedness, which owes its roots to theories of Spearman (1904), Piirto (2004) and
Dabrowski (Daniels & Piechowski, 2009). In the following chapter, | examine in greater detail

the literature that constitutes the context of my research.
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CHAPTER 2 - LITERATURE REVIEW AND CONCEPTUAL
FRAMEWORK

Chapter 2: Overview

Chapter 2 examines worldwide definitions of giftedness, before surveying the literature on
giftedness in South Africa and examining the special needs of disadvantaged gifted learners.
Out of this literature study comes my theory of giftedness, which I explain. | then look at the
literature on mathematics education and current group-based programmes aimed at enhancing
the problem-solving skills of mathematically-gifted learners in disadvantaged schools in South

Africa. Lastly, I look at Mathematics Olympiads and the Mathematics Challenge in particular.
2.1 DEFINING GIFTEDNESS

Despite intelligence tests having existed for over a century, since the first Binet Simon Test in
1905 (Binet & Simon, 1916), there is little agreement on a definition of giftedness. A literature
review by Carman (2013, p. 2) assessed 74 studies that defined giftedness and found “a lack
of consensus as to what qualifies a person to be defined as gifted for the purposes of research”.
However, certain themes come up repeatedly when looking at debates within the field of
giftedness, and by extension, many common strands. Heuser and Wang (2017) outline a history
of the debates within the field of intelligence, and identify four different axes of contention,
namely, a definition of intelligence as cognitive vs. multiple intelligences; aptitude vs.

achievement; nature vs. nurture; and individual vs. community.

2.1.1 Cognitive vs. multiple intelligences

The first major debate in intelligence research is whether giftedness can be ascribed to one
general gifted factor or whether intelligence is made up of many factors. Spearman (1904) is
known for his factor analysis of various intelligence factors. He concluded from the correlation
between the different factors that there was an underlying general intelligence factor or g.
Subsequent theorists have either supported or tried to refute the concept of g. According to
Lubinski (2016, p. 901), in his paper covering the years from 1916 to 2016, “the first 50 years
of research on precocious learners utilised selection procedures based on general intellectual
ability, the past 50 years saw a movement to and an acceptance of the need for selection based

on specific abilities”.
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Gardner’s theory of Multiple Intelligences, which can be traced back to the seven-factor
analysis of Thurstone in the 1920s and 30s (Zygmont, 2006) extends the definition of
intelligence beyond just the intellectual to include types of intelligence such as “bodily-
kinaesthetic” and “interpersonal” (Gardner & Hatch, 1989, p. 6). Gardener’s theory of Multiple
Intelligences (M1 theory) has widespread support in the field of education. In South Africa, it
is covered in the teacher training textbook used by the largest university in South Africa
(Nieman & Monyai, 2006; University of South Africa, 2019), and is embedded in the teaching
methodology of Radford House Primary (L. Breeds, personal communication, January 31,
2019), the first primary school for the gifted in South Africa (Kokot, 1999). However, Ml
theory has not had similar support amongst cognitive and differential psychologists (Lohman,
2001; Waterhouse, 2006). Gardner himself postulated that the greater popularity of MI theory
with educators, as opposed to psychologists, is because educators “are much less wedded to
disciplinary standards of evidence and acceptability” (Davis, Christodoulou, Seider, & Gardner,
2011, p. 5). Klein (1997) and Willingham (2004) object to the theoretical underpinnings of Ml
theory, with Willingham criticising the way of choosing the different intelligences, and
suggesting a further five attributes that could be categorised as intelligences, using Gardner’s
own definitions of an intelligence. Visser (2006) takes a more practical approach, administering
independent tests for each of Gardner’s eight Multiple Intelligences, and finds significant
correlation across the tests, with the exception of bodily-kinaesthetic, musical, and one of the
intrapersonal tests, pointing towards the existence of an underlying general intelligence.
Gardner rebuts both Visser (Gardner, 2006) and Waterhouse (Gardner & Moran, 2006),
criticising the tests used to assess MI Theory as not testing the intelligence that they were
intended to test. He suggests that the Explorama, a theme park consisting of 50 tests based on
MI Theory could possibly be used to assess MI theory, but to date, no-one has done this testing.
Gardner has created assessments for pre-schoolers based on MI Theory, called Project
Spectrum, and subsequent factor analysis on Project Spectrum revealed that “Spectrum
activities are not as separate from g as proposed by the defenders of multiple intelligences
theory, nor as unitary as argued by the defenders of g factor models” (Castejon, Perez, & Gilar,
2010, p. 481).

Cattell and Horn divide g into just two factors, Gf (fluid intelligence) and Gc
(crystallised intelligence) (Kaya, Stough, & Juntune, 2016). Carroll’s factor analysis of Cattell
and Horn’s factors (Carroll, 1993) has been widely praised for its thoroughness and strong
empirical basis (Beaujean, 2015; Benson et al., 2018; Lubinski, 2016). The Cattell-Horn Gf-

Gc model and Carroll’s Three-Stratum model are considered to be “consensus psychometric-
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based models for understanding the structure of human intelligence” (McGrew, 2009, p. 1),
and are often referred to collectively as Cattell-Horn-Carroll or CHC theory (Beaujean, 2015;
Benson et al., 2018; Castejon et al., 2010; Keith & Reynolds, 2010; Lubinski, 2016; Warne,
2016). CHC theory is widely used as a theoretical base for psychometric tests (Keith &
Reynolds, 2010) and Warne (2016) recommends its use for guiding gifted education
practitioners, demonstrating that its acceptance of g as a construct, as well as the division of
intelligence into further strata, can guide educators on appropriate intervention for a gifted
learner, including full-grade and single subject acceleration. Gross (2006, p. 425), in her
longitudinal study of 60 young Australians over twenty years, strongly supports the concept of
g. She says that when she was young, a highly gifted person was called a “whiz” in their area

of talent, but the participants in her study are “g whizzes”.

2.1.2 Aptitude vs. achievement

Another debate centres on whether intelligence should be considered as a measure of
intellectual potential, or of achievement. Terman (1926, p. 20) did not consider achievement
tests for identifying gifted children for his notable longitudinal study of 1000 gifted children
as they are “inferior...as measures of native ability” but in contrast, Renzulli (1978, p. 182)
included “task-commitment” in his three-ringed theory of giftedness, which points to a more
achievement-oriented definition. The distinction is important when it comes to the
identification of the gifted, as it has been shown that teacher identification of the gifted
correlates to achievement rather than working memory, which can be seen as innate power of
the brain (Kornmann, Zettler, Kammerer, Gerjets, & Trautwein, 2015). Interestingly, parents
have been found to be better judges of giftedness than teachers (Daglioglu & Suveren, 2013;

Gross, 1999), which implies that parents use different criteria for judging giftedness to teachers.

2.1.3 Nature vs. nurture

The concept of achievement leads to an examination of the heritability and malleability of
intelligence. Ever since Spearman introduced the concept, the degree of heritability of g has
been debated (Gladwell, 2008; Lubinski, 2016; Sauce & Matzel, 2018). Longitudinal studies
by Terman et al. (1926), Gross (2006) and Kell, Lubinski and Benbow (2013) all show a much
higher level of eminence amongst people identified as exceptionally or profoundly gifted as
children than amongst the general population. At a heritability of 0.8, intelligence has a much
higher heritability than most heritable psychological traits (Sauce & Matzel, 2018). When
studying gifted children in disadvantaged areas, as my study does, it is important to consider
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the malleability of intelligence in impoverished communities. Sauce and Matzel (2018, p. 37)
examine a number of twin studies and conclude that “differences in family background matter
more when that background is relatively impoverished”. This is important when considering
enrichment of gifted children: those in disadvantaged areas are more likely to benefit from such
intervention than those in affluent areas. Given that giftedness is not limited to one socio-
economic group or race (Borland, 2004; Maree, 2018; Silverman, 2009), we know that there
are gifted children living in disadvantaged areas of South Africa. Of the thirteen million
children age 0-17 living below the upper-bound poverty line in South Africa (Statistics South
Africa, 2017), over a quarter of a million would be defined as gifted. These children are being
afforded the same poor education as their classmates, and not developing problem-solving

skills or the malleable part of g to the same degree as their middle-class peers.

2.1.4 Community vs the individual

The Western view of giftedness being an individual matter is not the only viewpoint: in some
cultures, giftedness is defined in relation to the community. According to McCann (2005),
Australian Aboriginals define intelligence as thinking with the group, rather than being
different to the group; and the Maori view of giftedness does include individual skill, but it
needs to be used for the good of the community for it to count as giftedness. Maree (2018b, p.
133) maintains that there is no one African definition of giftedness, but says that factors such
as “aptitude... respectfulness, obedience, trustworthiness and care for others” are often used
when discussing giftedness. According to Ngara (2017), Shona-speakers in Zimbabwe believe
that giftedness is a spiritual gift given for the benefit of the community, and words for
giftedness in the Bantu group of languages (of which Shona is one) share a common root.
Considering that all South African official languages, apart from English and Afrikaans, are
Bantu languages (Jordan, 2015), the Shona view of giftedness is likely to be widespread in
South Africa. Certainly Lumadi (1998) finds that among the Vhavenda, giftedness is
encouraged primarily to benefit the community. Another interesting aspect of the Shona view
of giftedness is the belief that giftedness is by definition striving against the odds, so it is more
prevalent in poor communities (Ngara, 2017), but | have not been able to confirm if this view

is shared by South African Bantu language speakers.
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2.2 IDENTIFICATION OF THE GIFTED IN SOUTH AFRICA

Identification of the gifted in South Africa is a politically-charged topic, due to the difficulties
associated with intelligence testing in a multilingual and multicultural country with widely
varying access to education.

The locally-designed 1Q tests, the Junior South African Individual Scale (JSAIS) (Madge,
1981) for children aged 3 years to 7 years 11 months, and the Senior South African Individual
Scale Revised (SSAIS-R) (van Eeden, 1991) for children age 7 years to 16 years 11 months, are
outdated, but are still widely used in South Africa (Laher & Cockcroft, 2013). Not only do they
have outdated norms but are also based on an outmoded theoretical model, not being based on
the Cattell-Horn-Cattell (CHC) framework (Laher & Cockcroft, 2013). The JSAIS was normed
on white English and Afrikaans-speaking children in 1976, and adapted for English-speaking
Indian children in 1981 (Te Nijenhuis, Murphy, & van Eeden, 2011). The same year, the SSAIS-
R was normed on white, coloured and Indian children, with a home language or English or
Afrikaans (Te Nijenhuis et al., 2011).

A previous version of the JSAIS and SSAIS-R, the New South African Individual Scale
(NSAIS)(1962), was translated into isiXhosa in 1988, and from there into four other African
languages (isiZulu, Southern Sotho, Northern Sotho, and Tswana) and normed on children
from 9 to 19 years of age (Mayaba, 2016) and these translations of a 1962 test remain the only
South African IQ tests available in these languages. The JSAIS was first translated into isiZulu
and SeSotho in 2010 (Mawila, 2012) but improvements are ongoing (Bouwer, 2014) and
translated versions are not commercially available (Health Professions Council of South Africa,
2017). Although SSAIS-R is only available in English and Afrikaans, van Eeden published
studies in 1993 and 1997 on black children attending private and model C schools, who took
the test in English. She concluded that norms for environmentally disadvantaged learners
should be used when evaluating children whose home language is not that of the testing
language (Cockcroft, 2013).

In recent years, the Wechsler tests, which originate from the United Kingdom, have been
normed for the South African context. They are based on the CHC framework, so are based on
up-to-date theory (Shuttleworth-Edwards, Garland, & Radloff, 2013).

Non-verbal tests, such as the Raven’s Standard Progressive Matrices (SPM), the Naglieri
Non-Verbal Ability Test (NNAT) and Form 6 of the Cognitive Abilities Test (COGAT) are
often suggested as a culture or language-fair option for use in multicultural and multilingual
societies such as South Africa (Laher & Cockcroft, 2017; Sarouphim, 2009). But non-verbal
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tests are not the panacea they might seem to be. Lohman and Gambrell (Lohman & Gambrell,
2012) compare the performance of Hispanic children with a first language of English with
English-Language Learner (ELL) children, and find between 7.3 and 9.5 point difference in
scores between first and second-language English speakers and that “reducing the language
demands may actually increase the cultural loading of the test” (Lohman, 2013, p. 274). In
South Africa, studies by Israel (2006) and Knowles (2008) find substantial language bias in the
Raven’s Advanced Progressive Matrices (RAPM) and RPM. Knowles (2008, p. 55) concludes
that RPM should be used with “extreme caution” in South African high schools. Similar results
have been found in Zambia and Kenya (Maree, 2018b). Mayaba (Mayaba, 2016) conjectures
that the difference between 1Q levels of urban and rural children in South Africa could be due
to urban children having more experience of toys and computer games that contain patterns
similar to the patterns in certain sub-tests of the RPM.

There is some hope in that in recent years researchers have become interested in improving
instruments for assessing intelligence in South Africa (Bouwer, 2014; Laubscher & Olszewski-
Kubilius, 1996; Mohlala, 2000). This includes an innovative idea of using career counselling
to identify and support gifted learners in South Africa (Maree, 2018).

After examination of the four axes of contention in defining giftedness, and their application
for identifying gifted children in disadvantaged areas in South Africa, | have combined what |

consider pertinent into one conceptual framework that underpins my study.

2.3 UNITARY POTENTIAL PRECOCITY SOCIO-EMOTIONAL (UPPS)
CONCEPTUAL FRAMEWORK OF GIFTEDNESS

PRECOCITY SOCIO-EMOTIONAL

P
O
i
E
N
T
I

A
L

UNITARY
INTELLIGENCE
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For this study, | developed my own conceptual framework of giftedness, called the UPPS
framework of giftedness, which is based on four concepts: a unitary intelligence, from which
potential can be developed, assisted, and/or hindered by precocity (Piirto, 2004) and socio-

emotional factors.

2.3.1 Unitary intelligence

The first requirement of my conceptual framework of giftedness is that it refers to a unitary
concept of intelligence, what Spearman (1904, p. 201) called “general intelligence” or g. CHC
theory, which has been widely accepted by intelligence theorists and test writers in recent years
(Beaujean, 2015; Benson et al., 2018; Gross, 2006; Keith & Reynolds, 2010; Lubinski, 2016;
McGrew, 2009; Warne, 2016) accepts an underpinning of g, although combined with higher-
level strata. | will not be defining higher-level strata, but rather looking at other aspects that |

consider important, in addition to g.

2.3.2 Potential

The second aspect of UPPS theory is potential, which is particularly important to consider
when studying learners from disadvantaged areas. Although longitudinal studies show that
people identified as gifted as children are many more times than the general population to attain
PhDs, obtain patents, and show eminence in a variety of fields (Gross, 2006; Kell et al., 2013;
Terman et al., 1926), the malleability of intelligence should be taken into account when
studying learners from a background of poverty. Socio-economic status is a larger factor in
achievement than g for those who are born into an economically disadvantaged area. Another
reason to overtly state that my theory is potential-based, is that teachers have been found to
identify giftedness more by achievement than the theory would support (Neber, 2004). As a
researcher working in the area of education, it is important to counter teacher viewpoints that
are popular but not borne out by research. A potential-based definition of giftedness also
supports the heritability of g, which has been established in the literature (Knowles, 2008;
Sauce & Matzel, 2018) and enables the inclusion of “twice-exceptional” children in the
definition (Wissing, 2012). Unfortunately, in Chapter 3, I will show that my methodology had
to diverge somewhat from this ideal concept of giftedness, when choosing participants for my

study based on Mathematics marks, which is an achievement-based approach.

2.3.3 Precocity

Thirdly I borrow Piirto’s concept of “precocity” (Sansom et al., 2018, p. 98) for my definition
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of giftedness, as it gives a practical framework for teacher interaction with gifted students. She
states that gifted children have much in common with older non-gifted learners, and that a
teacher can treat a young gifted learner as one would an older child (Sansom et al., 2018). This
framework has the advantage of supporting acceleration, which is one of the most successful
interventions for gifted children (Wai, 2015). A disadvantage of this component of the

framework is that it ignores the emotional level of the young gifted child.

2.3.4 Social-emotional

The last component of the UPPS theory giftedness is the socio-emotional one, which | have
included to counter the shortcomings of the precocity component. | refer particularly to
Dabrowski’s “over-excitabilities” (OEs) (Daniels & Piechowski, 2009, p. 9). Over-
excitabilities (OEs) are used to describe overreaction to stimuli that is characteristic of gifted
people. There are five OEs: psychomotor, sensual, intellectual, imaginational, and emotional
(Mendaglio & Tillier, 2006, pp. 70-71). Psychomotor overexcitability refers to greater than
normal movement and nervous energy caused by a mind that is running faster than average. It
can often be mistaken for Attention deficit-hyperactivity disorder (ADHD) (Mullet & Rinn,
2015). Sensual overexcitability results in heightened awareness of input from the senses.
Children with sensual overexcitability can show sensory-defensive behaviour, based on the
excessive incoming stimuli. Conversely, a person can derive great pleasure from their sensual
OE, appreciating a beautiful sunset or exquisite music on a deeper level than the average person.
Intellectual overexcitability is the OE that is most easily linked to intelligence as it relates to
an overwhelming urge to learn new things. Parents of children with intellectual OE are often
accused of being pushy parents (Daniels & Piechowski, 2009), as other parents find it hard to
understand how a child can be so driven to learn. Imaginational overexcitability results in
imaginary friends, complicated and creative story-writing and accusations of not living in the
real world. The last OE is emotional, which results in very small children with very big thoughts.
For example, two of my gifted children asked numerous questions about death at a mere two-
and-a-half-years-old, one showing particular empathy for the surviving family of the person

who died.

2.3.5 Applying the UPPS framework to gifted disadvantaged learners

The four aspects of the UPPS framework can be applied to children from all socio-economic
backgrounds. The concept of g is supportive of disadvantaged learners as it acknowledges that
learners from all walks of life can be gifted, even if they have not yet developed up to their
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potential. Precocity and the socio-emotional aspect of the UPPS framework given practical
tools for approaching and understanding gifted learners, whatever their background.
Acceleration, which is acknowledging precocity in an educational space, is a successful and
inexpensive way of handling gifted learners (Wai, 2015), and one that | found was fairly well
used in disadvantaged schools in South Africa, as evidenced by the number of 11-year-olds
among my study participants (the normal age for a Grade 7 is 12 turning 13). Gifted
underachievement has been linked to socio-emotional difficulties (Blaas, 2014): Dabrowski’s
OEs could be used by teachers to empathise with gifted learners who are intense, rather than
rejecting them as badly-behaved, and to identify learners who are underachieving. Worldwide,
it has been found that gifted children are vulnerable to dropping out of school (Matthews, 2009;
Zabloski, 2010). As gifted people are “a precious human capital resource” (Kell et al., 2013),
gifted children not living up to their true potential is challenging, especially in developing

country contexts.

2.4 EDUCATION OF GIFTED DISADVANTAGED CHILDREN IN SOUTH AFRICA

2.4.1 Historical provision for gifted children

Given the history of an elitist education for whites and a sub-standard Bantu Education for
blacks under Apartheid, it is not surprising that post-1994, government policy has favoured
inclusive education and gifted education has taken a back seat (Department of Basic Education,
n.d.; Oswald & de Villiers, 2013; Rabie, 2013). According to Reddy (2014), under the
Apartheid government, gifted programmes existed for white children only. This statement
appears not to be totally accurate, as Eriksson (1987) describes the Schmerenbeck Educational
Centre as open to all races, and Dewar (1986) quotes minutes from the First National Workshop
on the Education of the Gifted Child in 1978, where management of the centre voted against
applying for governmental assistance as it would interfere with the multiracial policy of the
centre. However, the picture accompanying Eriksson’s article only shows white children, so it
is likely that the majority of the 1000 children attending the centre were white. The after-school
gifted education centres were disbanded in the 1990s (Van der Westhuizen, 2007), which is a

waste of infrastructure that could have been made inclusive of disadvantaged learners.

2.4.2 Current provision for gifted children

The Education White Paper on Special Needs Education does not mention gifted learners
(Department of Education, 2001). This implies that gifted learners do not have special needs,

and will succeed without any assistance. However, gifted learners do need support to flourish.
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This assertion is evidenced by, for instance, a study in Chile. It showed that economically
disadvantaged students (who received insufficient support) were less likely to qualify for
prestigious universities (Gomez-Arizaga & Conejeros-Solar, 2014). Moreover, some eminent
black South Africans (who received more sufficient support) acknowledged the power of a
mentor in their own lives (Maree, 2007; Xolo, 2007).

In post-1994 South Africa, the Department of Education has stressed Inclusive
Education as an ideal (Mhlolo, 2017a). However, teachers feel ill-equipped to cater to the needs
of gifted children (Oswald & de Villiers, 2013) and usually no provisions are made for them in
the inclusive education classroom (Marumo & Mhlolo, 2017; Oswald & de Villiers, 2013).
Mhlolo (2014b) says there are no schools for the gifted in Sub-Saharan Africa, and there is no
teacher training centred around the needs of the gifted, but | found that there are a number of
schools that do provide for gifted learners in South Africa. In 2019 there were two schools
specifically for the gifted in South Africa: Radford House and the Gifted and Advanced
Learning Academy of South Africa (GALASA), both private schools in the northern suburbs
of Johannesburg. GALASA closed down at the end of 2019 (D. Silman, personal
communication, December 9, 2019), leaving Radford, which caters for learners from Grade
000 to 12 in 2020 as the sole dedicated school for the gifted in South Africa. PE Montessori in
Port Elizabeth says the school is suitable for gifted learners (PE Montessori, 2017), and
Parkview Junior School, a government primary school in Johannesburg, has a one hour a week
programme for gifted learners in grades 2 and 3 (Parkview Junior School, 2018). Centurus
Colleges, which consist of the three private schools Pecanwood College, Southdowns College,
and Tyger Valley College, also offer enrichment for gifted learners (Centurus Colleges, 2019).

Low-fee or free private schools and scholarships to existing private schools offer enriched
opportunities to high achieving disadvantaged learners. Admission to the Oprah Winfrey
Leadership Academy for Girls (OWLAG) is on the basis of academic and leadership potential,
and financial need, and no fees are charged (Oprah Winfrey Leadership Academy for Girls,
2019). The African School for Excellence in Tsakane, a township in Gauteng, uses an
innovative teaching concept, using teaching assistants and online resources such as Khan
Academy to reduce direct teaching time by qualified teachers, keeping costs to R7000 per
learner per year, most of which is covered by sponsors, leaving only R200 a month for parents
to pay. The school has problem solving at its core and uses the Cambridge education system
(Fairbanks, 2014). The Royal Bafokeng Trust oversees 46 rural schools (Royal Bafokeng
Nation, 2019) and is headed by lan McLachlan, who was previously head of the prestigious

private school, St Stithians College (D. Silman, personal communication, December 9, 2019).

Page 20

© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

é%
<

The Royal Bafokeng schools are not specifically targeted at gifted learners but do afford some
gifted disadvantaged learners access to quality education. Horizon Education Trust Star
College offers scholarships to learners who win the Horizon Mathematics Competition or the
Star College entrance examination (Star College Boys High School, 2017). Some other private
schools have entrance examinations that disadvantaged learners can use to access private
school education (Eden Schools, 2019; Epworth School, 2019; Roedean School (SA), 2019; St
Cyprian’s School, 2019). Similarly, the Student Sponsorship Programme (SSP) and the Allan
Gray Orbis Foundation offer scholarships to a variety of private schools for disadvantaged
learners (Allan Gray Orbis Foundation, 2019; Student Sponsorship Programme, 2019). Young
Engineers and Scientists of Africa (YESA) offers project-based enrichment to disadvantaged
learners that would suit the gifted, but currently there are no Mathematics projects (Young
Engineers and Scientists of Africa, 2019). I will discuss provisions for mathematically-gifted

learners in the next section.

2.4.3 Mathematics education in South Africa

Mhlolo identifies mathematical competence as “key to the welfare of a nation in the global
economy” (Mhlolo, 2015, p. 166) and warns of two groups that are most in danger of not
realising their full potential: mathematically-gifted children, and economically disadvantaged
children. My study looks at those who are at the intersection of the two groups.

Teacher training in South Africa focuses on mathematical procedural methods rather than
problem solving and creative thinking (Engelbrecht & Mwambakana, 2016), and consequently
learners, even at good schools, prefer method over understanding (Long & Wendt, 2017).
Mhlolo (2017b) recounts an exchange between a gifted learner and a teacher who insisted on
using a particular methodology and rejected a creative alternative method that the learner used.
The response of another gifted child in the room showed that even the observer found that
situation demoralising, let alone the child taken to task for using the “wrong” method. In
addition, gifted disadvantaged children in South Africa are likely to be taught by mathematics
teachers whose own mathematical reasoning is substandard. Du Plessis (2015, p. 5) observed
that “South African Mathematics teachers’ competencies compare poorly to those of their
counterparts in other Eastern and Southern African countries”. Venkat and Spaull (2015) found
that 79% of South African Grade 6 mathematics teachers were classified as having content

knowledge levels below Grade 6.
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2.4.4 Current provision for mathematically-gifted children

Opportunities for mathematics enrichment do exist in South Africa and can be divided into
those that are available to learners in more affluent areas, and those available in disadvantaged
areas.

Two primary schools in East London offer Mathematics extension: Stirling Primary
School has a “gifted mathematicians” group (Stirling Primary School, 2019), and Hudson Park
Primary pulls the top 10-12 Mathematics learners from Grade 3 to 7 for extension once a week
(Hudson Park Primary School, 2019). These two schools are historically advantaged, in that
they were both reserved for white learners under Apartheid, which meant that more resources
were spent on them. In the early 1990s these schools became Model C schools, which were
partially state-funded but run by a school governing body, which could set fees and control
admissions (Christie & McKinney, 2017). Under the new dispensation these schools are still
considered advantaged, as the surrounding residents are in the 5™ (top) quintile of earning in
the country (Province of the Eastern Cape, 2018). In high school, the Independent Examination
Board (IEB) offers an Advanced Placement (AP) Mathematics grade 12 course, which covers
much of the first semester syllabus at university. Problem solving and critical thinking are
required in AP Mathematics. Learners who do AP Mathematics in school, do better in the
National Senior Certificate (NSC) grade 12 final Mathematics examination and in university
Mathematics than similarly gifted learners who do not do AP Mathematics (Du Plessis, 2015).
The IEB is mostly used by private schools, although it is possible for state schools to offer AP
Mathematics through the IEB (Independent Examination Board, 2019). This should be
considered by schools in disadvantaged areas to extend mathematically-gifted learners and give
them a head start on university Mathematics.

There are several options open to learners in disadvantaged areas, including Maths and
Science focus schools in the Western Cape, Schools of Specialisation in Gauteng, LEAP
Schools, and the University of the Witwatersrand Talent Target Programme (TTP). Both the
Maths and Science Focus Schools and the Schools of Specialisation have their roots in the
national Dinaledi Schools Programme, which started in 2001. Dinaledi schools were given
support and facilities, on condition that 60% of their Grade 10-12 learners were enrolled in
Mathematics. By 2015 there were 500 Dinaledi schools countrywide. According to David
Silman, former head of the Dinaledi Unit that oversaw the Dinaledi Programme, at this point
the programme was extended to include 300 technical high schools and 200 primary schools,

which diluted the programme (D. Silman, personal communication, December 9, 2019). The
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draft norms and standards for focus schools (Department of Basic Education, 2016) state that
Mathematics is a compulsory subject at both Mathematics and Science Focus Schools.

Several schools in the Western Cape call themselves Maths and Science Focus Schools,
including the Centre for Science and Technology (Lemmon, 2017), the Cape Academy of
Maths, Science and Technology (The Cape Academy of Maths, Science and Technology, 2019),
and Claremont High School (Claremont High School, 2019). The Gauteng Schools of
Specialisation include a variety of different vocational specialisations including STEM
(Mthethwa, 2019).

The LEAP schools are no-fee private schools funded by donors. There are currently six
LEAP schools, operating in Langa and Gugulethu/Crossroads in Cape Town; Alexandra,
Diepsloot, and Ga-Rankuwa in Gauteng, and lastly Jane Furse in Limpopo Province, the only
extension opportunity for mathematically-gifted learners in rural areas.

The three specialist school types have common attributes: Mathematics and Science are
compulsory, and the schools have lower learner:educator ratios than ordinary schools
(Claremont High School, 2019; LEAP Science and Maths Schools, 2019; Mthethwa, 2019; The
Cape Academy of Mathematics, 2019). The Western Cape schools and the LEAP schools also
have a longer school day. The learners at the Gauteng Schools of Specialisation are selected by
an entrance examination written at neighbouring government schools and teachers have been
chosen for their higher education levels (Mthethwa, 2019). The LEAP schools provide outreach
to nearby ordinary schools in the form of after-school centres and camps staffed by volunteers,
including refugees from other parts of Africa, local professionals, and senior learners from the
LEAP schools (LEAP Science and Maths Schools, 2019).

The Targeting Talent Programme (TTP), run by the University of the Witwatersrand (Wits)
and funded by Goldman Sachs and the Telkom Foundation, identifies learners with high
potential in Mathematics and Science before they choose their subjects for the FET phase
(Grade 10-12), gives enrichment in mathematics, science, and language, and supports learners
with various programmes from then until they are at university (University of Witwatersrand,
2019a).

There are many online opportunities for Mathematics extension, such as IXL, DragonBox,
Dreambox, Khan Academy, and The Art of Problem-Solving. Although 22.5 million South
Africans have Internet access via cell phones (Department of Basic Education, 2018b), the cost
of data is still a barrier to frequent use in the home: out of 230 nations worldwide, South Africa
was only the 134™ cheapest in terms of data prices per Gb (Howdle, 2019) so these

opportunities need to be offered to learners in schools to ensure take-up. Unfortunately,
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although progress has been made in ICT coverage at South African schools, by 2018 there were
still 15448 schools without a computer lab and 14682 schools without internet connectivity
(Business Tech, 2019).

Table 1: Summary of extension available to mathematically-gifted learners in South Africa

. School . Maths Longer | Small Number .
Extension Selection Outreach Province
type compulsory | day? | classes of schools
Fee-paying Top 10-12
Maths pull-out State Grade 3-7 Yes N/A Yes No 2 E/Cape
. Privat
Gifted pull-out ”SVtZtZ & Yes No N/A Yes No 4 Gauteng
. 1Q test,
Radford Private Q Yes No Yes No 1 Gauteng
assessment
Private & 2676 Gr.
IEB AP Maths State None Yes No Yes No 12 (2018) All
. . 60% of Grade
Dinaledi
State Entrance exam | 10-12 must do No No No 500 (2015) All
School
Maths
Maths and
Science Focus State Entrance exam Yes Yes Yes No 9+ (2019) WI/Cape
School
Yes
School of 6 Maths
L E N Y N
Specialisation State ntrance exam 0 es 0 (2018) Gauteng
No-fee WiCape
LEAP School rivate Entrance exam Yes Yes Yes Yes 6 (2019) Gauteng
P Limpopo
. No-fee
Oprah Winfrey . Entrance exam No No Yes Yes 1 Gauteng
private
African School L0\_N—fee Interview Yes Yes Yes Yes 1 Gauteng
for Excellence private
. 65% in Maths, W/Cape
Wits TTP .
! . State Science & Yes n/a Yes No 41 (2019) Gauteng
Extension . .
English Gr. 9 Limpopo
ACE (self- . 250+
P N N N Y N All
paced) rivate one 0 0 es 0 (2019)
Scholarships Private Entrance exam No No Yes No Unknown All
Online Internet None No No N/A N/A N/A All
programmes access
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2.5 PROBLEM-SOLVING SKILLS

2.5.1 The value of problem-solving skills

Problem-solving skills are higher-level, creative skills. These skills are beneficial at university
and in the workplace (Griesel & Parker, 2009). Matheson (2012) introduced a problem-solving
environment in a Grade 10 class. After only three weeks, the students were insisting that they
not just be told the answer but also how someone else got to the answer. The process of problem
solving, and full understanding of how and why a person got to a specific answer, was valued,
not just the end product. This example would, most likely, not work in the type of South African
schools (such as the vast majority of township and rural schools (Venkat & Spaull, 2015)) that
most urgently need mathematical intervention, as it was dependent on the skill of the teacher,
who had a Masters in mathematics, as even the Maths and Science Specialisation Schools

teachers have an Honours level education, not Masters.

2.5.2 Current level of problem-solving skills

According to Chirove and Mogari (2014), South African learners are lacking in problem-
solving strategies and skills, and mathematics textbooks used in South African schools use
routine rather than non-routine problems. The general level of problem-solving skills at school
level in South Africa is demonstrated in South Africa’s performance in the Trends in
International Mathematics and Science Study (TIMSS), which “assesses a range of problem-
solving situations within Mathematics, with about two-thirds of the items requiring students to
use applying and reasoning skills” (Grgnmo, Lindquist, Arora, & Mullis, 2015). South Africa
came second-last in Mathematics for Grade 4 and Grade 8, although Grade 5 learners wrote
the Grade 4 test and Grade 9 learners wrote the Grade 8 test (Business Tech, 2016). In contrast
to South Africa’s procedural-based curricula, countries that scored highly on the TIMSS focus
on concepts, connections, and problem solving (Mhlolo, 2011). Maree and Erasmus (2006)
stress the need for informal Mathematics learning to develop problem-solving skills. This is
hard to achieve in a country where parents work long hours and have low levels of mathematics
education themselves. Even South Africa’s best performers in the TIMSS did poorly in
problem solving (Long & Wendt, 2017).

According to Chirove and Mogari (2014), South African teachers cannot do non-routine
problems themselves. Govender (2014b) did a study where 14 second-year students studying
Mathematics education wrote the Grade 7 SA Mathematics Challenge first round paper. The
SA Mathematics Challenge is a Mathematics Olympiad for Grade 4 to 7 learners, which aims

“to promote problem solving in Mathematics education” and emphasises participation as an
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important way to develop such skills (Association for Mathematics Education of South Africa,
2018). Only one student in Govender’s study had participated in a Mathematics Olympiad as
a learner. Only 28.6% of the student teachers scored a high enough mark to qualify for the
second round of the Grade 7 Mathematics Challenge. After the intervention, which consisted
of assisting with marking 900 Grade 4-7 Mathematics Challenge papers, participating in a
discussion on the paper, and working in groups to categorise the types of questions, their
average score improved from 45.72% to 75.4%. These results show two things; firstly, that
South African teachers and learners find Mathematics Olympiad type problem-solving
questions unfamiliar and difficult, and secondly that relatively limited exposure to such

questions can radically improve problem-solving skills.

2.5.3 Current problem-solving programmes for mathematically-gifted learners

Good problem-solvers have meta-cognition developed through problem-solving experience
(Nieuwoudt, 2015). Mathematics competitions expose learners to problem solving
(Engelbrecht & Mwambakana, 2016). Various mathematics competitions are open to learners
in South Africa, including the Horizon Maths Challenge (Grades 5-7), University of Pretoria
(Grades 6-11), University of the Witwatersrand (Grade 6-university level), BRICS (Grades 1-
12), Nelson Mandela University (Grades 8-12), the UCT Mathematics Competition (Grades 8-
12), the South African Mathematics Foundation (SAMF) Mathematics Challenge (Grades 4-7)
and the SAMF Mathematics Olympiad (Grades 8-12). Most of these competitions are free, or
have free entry for learners from no-fee schools (South African Mathematics Foundation,
2020b; University of Cape Town, 2019; University of Pretoria, 2019; University of
Witwatersrand, 2019b). Conquesta, although widely referred to as an Olympiad, uses routine
questions such as learners would find in school mathematics textbooks, rather than non-routine
problems (Conquesta Olympiads, 2019), so | have excluded it from this list. There are also
several free Olympiad training programmes, provided by SAMF, namely the Siyanqoba
training and SAMF Olympiad training (Grade 7-12) (South African Mathematics Foundation,
2020a).

2.5.4 The SA Mathematics Challenge

The South African Mathematics Foundation (SAMF) is considered to be the premier
Mathematics Olympiad in South Africa (Long, Engelbrecht, Scherman, & Dunne, 2016), with
a path from Grade 4 to the International Mathematics Olympiad. The SA Mathematics
Challenge is the Grade 4-7 version of this Olympiad, with separate papers for each grade.
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Approximately 100 000 children take part in the SAMF Mathematics Olympiad for Grade 8-
12 learners annually and 80 000 in the SA Mathematics Challenge (South African Mathematics
Foundation, 2020b). This pre-eminence is one reason that | chose to utilise the SA Mathematics
Challenge in my study. The other reasons are Govender’s study on in-service teachers, and my
own experience as a teacher with the SAMF Olympiads. The SAMF Olympiads are well-
known, and are the only Olympiads recommended by name in the Mathematics Teaching and
Learning Framework (Department of Basic Education, 2018b). The learning framework,
developed by the Mathematics Ministerial Task Team, a group of mathematics educators from
schools and universities, details how educators should develop conceptual understanding in
learners, and includes many examples of non-standard problem-solving questions, in contrast
with earlier Department-provided workbooks, like Mathematics in English Grade 7
(Department of Basic Education, 2018a), which | used as the alternative intervention in my
study. Lastly, the SAMF Olympiad past papers and answer sheets for many years are available
easily online (South African Mathematics Foundation, 2018), which means that they are
available to teachers and learners across the country, as long as they have access to the internet
(and preferably a printer).

2.5.5 Assessment of problem-solving skills

There are a variety of tests of problem solving, but a dearth of those normed on South African
learners. The Study Orientation in Mathematics Questionnaire (SOM) (Maree et al., 2011) is
normed on South African Grade 7-12 learners with a variety of home languages, including
those from disadvantaged areas so is suitable for the schools in my study. The questionnaire as
administered to Grade 7 learners consists of 76 questions, answered with a Likert scale, which
are then assigned to one of five categories, namely Study Attitude (SA), Mathematics Anxiety
(MA), Study Habits in Mathematics (SH), Problem-Solving Behaviour in Mathematics (PSB)
and Study Milieu in Mathematics (SM). Study attitude measures the learner’s attitude to
mathematics and learning mathematics. Mathematics Anxiety measures the level of panic and
doubt a learner has about mathematics. Study Habits refers to the learner’s time management,
focus, and consistent Mathematics practice. Problem-Solving Behaviour measures the learner’s
level of metacognition in Mathematics, which as mentioned before is important in the
development of Mathematical problem-solving skills. Lastly, Study Milieu refers to the
learner’s home and school environment and barriers to learning Mathematics. This is
particularly relevant when studying disadvantaged learners. A composite score is also

calculated, which is considered to be ““a measure of a learner’s study orientation” (Maree, 2020).
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26 SUMMARY OF CHAPTER 2

In this chapter I discussed the four axes of contention when defining giftedness: cognitive vs.
multiple intelligences, aptitude vs. achievement, nature vs. nurture, and community vs. the
individual. I then looked at identification of the gifted in South Africa, the tests that are
available, and their pitfalls. This led to a description of my own conceptual framework of
giftedness, which is based on a unitary intelligence, from which potential can be developed,
assisted, and/or hindered by precocity and socio-emotional factors.

| looked at the education of gifted children in South Africa, both historically and
currently, and in particular the offerings for mathematically-gifted children, noting which
options were available for the cohort of my study, mathematically-gifted children in
disadvantaged areas. Lastly, | examined problem-solving skills, starting with the value of
problem solving for gifted disadvantaged learners and the community as a whole. | then
investigated the current level of problem-solving skills in South Africa and the problem-solving
programmes available to gifted disadvantaged children in South Africa, before looking at the
SA Mathematics Challenge in particular. 1 ended the chapter by describing the assessment of
problem-solving skills, and the Study Orientation in Mathematics, that | have chosen to use to
evaluate the development of problem-solving skills in the participants in my study. In the
following chapter | detail the research methodology for my study, and the accompanying

ethical considerations.
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CHAPTER 3 - RESEARCH METHODOLOGY

Chapter 3: Overview

In this chapter, | start by anchoring my study in my own epistemology, and then narrow my
focus to the particular methodology and design chosen for this study, explaining why they are
suitable for the study. Next, | discuss the selection of the participating schools and learners for
the study, and the rationale behind the selection. | then describe what I did in each session of
the study, to enable replication of the study. Lastly, I go into the ethical considerations of doing

such a study.
3.1 EPISTEMOLOGY OF THE STUDY

My chosen paradigm for this study is that of critical realism informed by pragmatism.
According to Cruickshank (2011), critical realism is a type of post-positivism. According to
Chilisa and Kaluwich (2012, p. 8) “post-positivists, like positivists, believe that there is a reality
independent of our thinking that can be studied”. However, critical realism “recognises that
knowledge is fallible and thus open to revision and replacement” (Cruickshank, 2011, p. 4).
Similarly to critical realism, pragmatism accepts the fallibility of knowledge, but in addition it
emphasises practicality (Ormerod, 2006; Reason, 2003; Sefotho, 2015).

| chose to view this study from the viewpoint of critical realism, firstly because it
resonates with my own worldview that reality exists as a concept, but it is not immutable, at
least not from the human perspective, where we are continually updating our views of reality
as research adds new viewpoints and value (Guba & Lincoln, 1994). In a multicultural society,
it would be inappropriate to think that only the beliefs and views that | grew up with are
valuable, and as | am exposed to new people, and their cultures, | am able to adapt and refine
my views. In a similar way, research in a multicultural society needs to adapt from a
Eurocentric view to see from multiple cultural stances (Stones, Maree, & Jordaan, 2021). The
advantage of the pragmatic prism to my lens is the emphasis on the practical: research does not
have to reach an ideal that might be unattainable to contribute to the body of knowledge on
gifted education in South Africa, or to benefit gifted disadvantaged children.

One potential disadvantage of using any post-positivist paradigm with social science is
that post-positivism is concerned with prediction (Guba & Lincoln, 1994) and prediction is
more difficult in social science as the latter involves people (Barnes et al., 2012). To mediate

this shortcoming of the paradigm, first, | made the research questions as simple as possible, to
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avoid confusion. Second, my extra perspective of pragmatism means that any shortcomings of
critical realism can be weighed against the benefits of the paradigm, as pragmatists take value
where they find it (Ormerod, 2006).

3.2 METHODOLOGICAL APPROACH

The methodological approach | chose was QUAN->qual. This means that it was primarily a
quantitative study, but with one qualitative methodological instrument used. The arrow
indicates that the phases of the research were carried out sequentially; first quantitative and
then qualitative (Johnson & Onwuegbuzie, 2004).

3.2.1 Quantitative methodology
Quantitative methodology is defined by Keele (2011, p. 35) as a “formal, objective, deductive

approach to problem solving”. The methods used include experimental, quasi-experimental,
correlational, and descriptive (Keele, 2011). It is usually evaluated using statistical analysis
(Barnes et al., 2012; Keele, 2011; Slevitch, 2011; Thomas, 2010).

Some might see the choice of quantitative research methodology as only suited for the
positivist or post-positivist paradigm, but there are others who eschew limiting methodology
choice very narrowly depending on the paradigm. Guba and Lincoln (1994, p. 105), say that
“both qualitative and quantitative methods may be used appropriately with any research
paradigm” and this is supported by other theorists (Knox, 2004).

The benefits of the quantitative methodology vest predominantly in the ability to make
predictions, and to generalise the findings to the wider community (Guba & Lincoln, 1994).
Prediction is important in education where there are hundreds of thousands of children who are
both gifted and disadvantaged in South Africa. The aim of my research is to, hopefully,
ultimately, have an impact on the lives of many other children, not just the ones who
participated in my study.

One criticism of quantitative research is that it ignores the uniqueness of individuals
and differences in their experience (Keele, 2011). To counter this, | employed both quantitative
and qualitative methods. First, using quantitative methodology, | involved a large sample size
and chose schools from the bottom two quintiles, to maximise the percentage of disadvantaged
children in my sample. Secondly, using qualitative methodology, after each session of the Study
Orientation in Mathematics (Maree et al., 2011), | conducted a focus group to examine the
learners’ experience of using this instrument. This was also important from the perspective of

ethics, and I will cover this in more detail later in this chapter. Another potential disadvantage
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of using a quantitative methodology is that it does not get to the why of the problem, only the

what (Thomas, 2010). | do not claim to have solved this issue in my study, but accept the

limitations of this type of research in favour of its strengths.

3.2.2 Qualitative methodology

Qualitative and quantitative methodologies can complement each other’s shortcomings

(Erasmos, 2013). The aim of qualitative methodology is to look from the perspective of the

participants of a study. It does not attempt generalisability or objectivity, and sample size is

unimportant (Slevitch, 2011). The advantage of qualitative research methods is that they can

delve deeper into the personal experience of participants. The pragmatic viewpoint of my

epistemology enabled me to use a focus group in a study that was largely quantitative, because

it was of practical benefit to my study and study participants.

3.3 RESEARCH DESIGN

The following table summarises my research methodology and design:

Table 2: Summary of Research Methodology for my Study

Epistemology

Approach
Design
Research
question

Secondary
research
questions

Null
hypotheses

Participant
schools

Participant
learners

Critical realism with pragmatism
QUAN->qual
Quasi-experimental

How valuable is participation in the SA Mathematics Challenge for developing problem-solving
skills in mathematically-gifted disadvantaged learners (MGDL)?

What is the SA
Mathematics
Challenge?

What are the essential
aspects of current
(group-based)
programmes aimed at
enhancing the problem-
solving skills of
MGDL?

There are no significant differences between
the pre-test and post-test mean scores for the
test group

School 1:
Quintile 2
Urban township

Grade 7 learners
Top 50 out of 355
(selected by Grade 6 Mathematics mark)

What is the impact of
three hour-long
facilitated sessions
doing SA
Mathematics
Challenge past papers
on MGDL’s study
orientation in
mathematics in
general?

What is the impact of
three hour-long
facilitated sessions
doing SA Mathematics
Challenge past papers
on MGDL’s problem-
solving skills in
particular?

There are no significant differences between the
post-intervention scores of the two groups

School 2:
Quintile 2
Urban township

Grade 7 learners
Top 50 out of 340
(selected by Grade 6 Mathematics mark)

Note. Adapted from https://repository.up.ac.za/handle/2263/28984. Copyright (2011) by J.J. Botha.
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3.3.1 Experimental design

Experimental design is known as the “gold standard” of quantitative research design, because
it “provides the most convincing evidence to support the value of a treatment” (Keele, 2011, p.
41). An experimental design has a control group that does not receive the treatment or
intervention, and sampling is randomised (Keele, 2011). According to Muijs (2011), an
experimental research design is best at determining a causal link between two variables. To
determine causality between two variables, one needs a relationship between the variables, time
order (which is controlled by the researcher in an experiment) and to eliminate confounding
variables (which is better controlled in experimental than non-experimental research). This is
very useful in educational research, where potential educational practices

are put to the test in advance of rolling them out in the classroom.

3.3.2 Quasi-experimental design

Educational research takes place in the real world, where it is hard to control all variables or
organise a truly randomised trial. In addition, it is unethical to withhold an intervention from a
control group. As a result, educational research often makes use of a quasi-experimental design
(Muijs, 2011). A quasi-experimental design is similar to an experimental design, but either
missing randomisation, or a control group (Keele, 2011). I used a quasi-experimental design,
without true randomisation. This is because of the logistical difficulties associated with
implementing true randomisation of the sample in a school environment where children are
grouped into classes, and the choice of the school itself is not truly random.

As with experimental designs, quasi-experimental designs facilitate prediction — albeit
to a limited extent only (Guba & Lincoln, 1994) and allow for findings to be generalised to the
population from which the sample was drawn (Keele, 2011). It may not be possible to
convincingly demonstrate a causal link between the treatment condition and
observed outcomes. My study aimed for generalisation of findings to gifted disadvantaged
learners across the region from where the learners in my sample came so this means a quasi-
experimental research design was appropriate for the study. A disadvantage of a quasi-
experimental design, compared to a true experimental design, is that the causal link is not
definitely proved, but rather inferred. This is due to the lack of randomisation (Keele, 2011). |
attempted to make the selection of participants as random as possible, as described in the next
section. Another problem with experimental and quasi-experimental designs is that a researcher
can introduce personal bias into the study, but “bias does not limit an ability to be reflective”

(Barnes et al., 2012). | attempted to overcome personal bias by recording what | expected to
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3.3.3 Non-equivalent comparison group design

A Experimental group Treatment (Maths
,«'/ Randomly \ (School 1) 4 (hallen;c
‘/’ assign \ / Pretest intervention)
! participating “
\ schools to J
\ experimental / Control Group Alternative
) or control / \ (School 2) intervention
i 2 Pretest

Figure 1: Non-equivalent Comparison Group Design.

Adapted from “The quantitative research process” by K. Maree and J. Pietersen, 2016, First steps in
research, p. 168. Copyright 2016 by K. Maree and J. Pietersen.

| used a Non-equivalent Comparison Group Design, which is a quasi-experimental version of
the Pretest-Posttest Comparison Group Design (Engel & Shutt, 2014). There are two groups in
a Comparison Group Design, one of which receives the treatment or intervention and one that
receives a different intervention. The disadvantage compared to using a traditional control
group is that both groups receive some sort of intervention, so it is a comparison of
interventions rather than comparing what would happen if there were no intervention. However,
it is generally accepted that it is only right and ethical to offer both groups some benefit in the
study. The word “non-equivalent” is included in the design name because the two groups are
not randomly assigned, it is not known whether the groups are truly equivalent (Engel & Shutt,

2014). | tried to approximate equivalence, as described below.

3.4 SAMPLING OF PARTICIPANTS
3.4.1 Selection of schools

| used a two-step approach to sampling. Firstly, | utilised convenience sampling, choosing
schools in my home province, and open to participating in the study. This means that the sample
was not truly random. The disadvantage of non-probable sampling is that the findings cannot
be generalised to the general population of school learners. However, from my literature study,
| have found that non-probable sampling is a common method in education research (Bickell,
2016; Du Plessis, 2015; Jenkins, 2004; Lombard & Grosser, 2008). | also attempted to
ameliorate the disadvantage of convenience sampling by using purposive sampling to choose

the two schools to participate in my study, aiming to match them as closely as possible to each
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other, since for practical reasons | would be administering the intervention at one school and
the alternative intervention at the other school, rather than assigning learners randomly to the
intervention and “control” group. I looked at the list of Gauteng schools (Department of Basic
Education, 2017a) and chose two large quintile 2 schools in the same township. Quintile 2
schools are in communities where the residents are in the bottom 40% of South Africa
economically. All schools in quintiles 1 to 3 are no-fee schools, so children attending them
would be considered to be disadvantaged. School 1, where | administered the intervention, had
355 learners in grade 6 at the end of 2018, and School 2, where | administered the alternative

intervention, had 340 learners in grade 6 at the end of 2018.

3.4.2 Selection of learners within the chosen schools

Giftedness and mathematical giftedness are defined in a variety of ways (Mhlolo, 2015;
Semakane, 1994; Zaram, 2016). | would have liked to have used the cut-off that the high-1Q
society, Mensa, uses for selection, which is the top 2% (Mensa South Africa, 2018). However,
this would either have meant that the sample from each school would have been only seven
learners, which would have been too small to make statistical inferences, or | would have had
to populate the experimental group from multiple schools, which would have introduced
logistical complications. | decided to choose 50 learners from each school, because “sample
size is critical in quantitative research. A large sample ensures better representativeness and
generalisability of findings as well as proper use of statistical tools” (Slevitch, 2011, p. 76).

| did not use an 1Q test for selection. Firstly, as discussed in Chapter 2, 1Q testing is a
highly contested subject in South Africa, due to norming difficulties in a multicultural and
multilingual environment (Bouwer, 2014; Erasmos, 2013; Knowles, 2008; Maree, 2018b,
2018a; Mawila, 2012; Zygmont, 2006). Even non-verbal tests such as a Raven’s Progressive
Matrices (RPM) and the Naglieri Nonverbal Ability Test (NNAT) have shortcomings for use
with English second-language speakers (Lohman, Korb, & Lakin, 2008). Secondly, 1Q testing
is costly and time-consuming. An alternative would have been teacher identification, but
giftedness is given little emphasis in teacher training in South Africa (Van der Westhuizen &
Maree, 2006). Parent identification of the gifted is generally better than teacher identification
(Daglioglu & Suveren, 2013; Gross, 1999) but contact with parents in a quantitative study with
large numbers of learners would have been impractical.

A requirement of my study was that the learners have a sufficient grasp of the basic
concepts of mathematics for their grade, as it is impossible to access higher-level learning such

as problem solving without a basic understanding of concepts (Johnson & Schmidt, 2006).
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Taking the issue of gifted identification together with the requirement for basic mastery of
mathematical concepts, I decided to use the learners’ mathematics marks to identify
mathematically-gifted learners. Therefore, for the purposes of this study, the definition of
mathematically gifted was the top 50 of the grade by mathematics marks at the end of Grade 6,
which worked out to the top 14.1% of the grade in School 1 and the top 14.7% of the grade in
School 2. I asked both schools to provide me with a list of the top 50 Mathematics learners in
Grade 6 in 2018. The Mathematics marks for the top 50 in School 1 ranged from 51% to 90%
and in School 2, the range was from 58% to 84%. Consent and assent forms were distributed
to the chosen learners by each school, and in the case of School 2, a parent information evening

was held by the deputy principal, to ensure buy-in by the parents and learners.

3.5 DESCRIPTION OF THE STUDY
3.5.1 The schools and the timetable of the study

Table 3: Timetable of the Study

School 1 School 2
Week | Date Activity Learners | Date Activity Learners

1 29Jan. 2019 SOM 45 11 Feb. 2019 SOM 44
Focus group 8 Focus group 10

2 5Feb. 2019  SA Maths 43 18 Feb. 2019 DBE 46
Challenge worksheets 1-3
2013

3 12 Feb. 2019  SA Maths 40 25 Feb. 2019 DBE 45
Challenge worksheets 4,5
2014

4 19 Feb. 2019 SA Maths 28 4 Mar. 2019 DBE 40
Challenge worksheet 6
2018

5 26 Feb. 2019 SOM 27 11 Mar. 2019 SOM 44
Focus group 8 Focus group 10

The study took place at two quintile 2 urban schools in Gauteng, in the first term of 2019, and
the participants were Grade 7 learners. Each session consisted of an hour after school. At
School 1, I had an initial meeting with the Head, then the Head of the Mathematics department
assisted me with selection of the participants, and thereafter one of the Mathematics teachers
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took me to the classroom before each session. At School 2, | spoke to the Deputy Head, who
organised a parent information evening, although | was only informed about this after it had
taken place. As a result of the parent information evening, | was requested to provide
participation certificates for the children who took part in the study, which | agreed to do, and
these were handed out at the end of the fifth and final session. Other requests were made that
could not be entertained, due to university policy. School 1 did not ask for participation
certificates, so | did not provide them. The differences of the parent information meeting and
participation certificates may have influenced attendance at the sessions, which you can see

from the above table, dropped off in the later sessions for School 1 but not for School 2.

3.5.2 Problem-solving skills assessment: Study Orientation for Mathematics (SOM)
| used the Study Orientation for Mathematics (SOM) (Maree et al., 2011), as the pre-test and

post-test. | scored the pre- and post-tests according to the Scoring Key, and recorded the results

in my spreadsheet.

3.5.2.1 Psychometric properties of the SOM
The SOM is designed for Grade 7-12 learners (Maree et al., 2011). Advantages of the SOM

include that it was normed on learners from different language and socio-economic groups in
South Africa (Maree, Van der Walt, & Ellis, 2009) and it is quick to administer, and does not
require a psychologist to administer (Maree, 2020). The overall aim of the instrument is to
identify learners with a negative study orientation in Mathematics, and to gain a greater
understanding of learners who are not achieving in the subject (Maree et al., 2011). To this end,
it is not an exact match with my study, which was targeting mathematically-gifted learners.
However, the fourth sub-test is in line with the requirements of my study, namely to assess
problem-solving behaviour in Mathematics.

The sub-tests of the SOM for Grade 7-9 learners consist of Study Attitude,
Mathematics Anxiety, Study Habits, Problem-Solving Behaviour and Study Milieu. Study
Attitude (14 questions), covers the feelings and attitudes that learners have towards
mathematics. Mathematics Anxiety (14 questions) covers the degree to which the learners
exhibit anxious behaviours such as sweating, nail-biting, and/or frequent trips to the toilet. Such
anxiety gets in the way of rational thought, and inhibits learners from asking questions and
taking risks, which in turn hampers success in Mathematics. Study Habits (17 questions) refers
to consistent study habits such as practising examples, learning theorems, and doing assigned

work diligently. Problem-Solving Behaviour (18 questions), which is the sub-test that most
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relates to my study, includes the “cognitive and meta-cognitive learning strategies in
Mathematics” (Maree et al., 2011, p. 11), or the act of self-reflection when approaching
problem solving in Mathematics. Study Milieu (13 questions) highlights the impact of socio-
economic situation and home language vs. language of learning on learners. Milieu issues
include whether learners have space, light, and facilities to do homework at night, and whether
the language of Mathematics is confusing to them. Information Processing (16 questions) is
only assessed in learners from Grade 10-12, and covers “general and specific learning,
summarising and reading strategies, critical thinking and understanding strategies (like the
optimum use of sketches, tables, diagrams)” (Maree et al., 2011, p. 12). In the following

sections, | will cover the standardisation, validity, and reliability of the SOM.

3.5.2.2 Standardisation of the SOM

The SOM was normed on 3013 Grade 8-11 learners at high schools across South Africa, with
the expectation that the norm table for Grades 8 and 9 could be used for Grade 7 learners, and
the norm table for Grades 10 and 11 could be used for Grade 12 learners. The samples in the
initial study by Maree et al. (2011) were chosen randomly on three levels: the education
department of the learner (which until only a few years previously had been racially segregated,
and so could be used as a proxy for race), language of instruction, and area (urban or rural).
This sampling resulted in a spread of race and language group reflecting the general high school
population, including black learners from disadvantaged urban schools such as the participants
in my study.

Maree et al. (2011) also analysed the results by language group, with the following
groups identified:

¢+ African language speakers completing the English questionnaire

X/

¢+ English speakers completing the English questionnaire (i.e. home language)

7

s Afrikaans speakers completing the Afrikaans questionnaire (i.e. home language).

The learners in my study all fell into the first category, with two possible exceptions, one of
whom wrote down both English and Zulu for home language, and the other of whom wrote
down English, Xhosa, and Zulu.

A comparison of the averages and standard deviations for boys and girls in the SOM
show statistical differences by gender for the Mathematics Anxiety and Study Milieu and for
the questionnaire as a whole in Grades 8 and 9, where girls are more anxious about

Mathematics, and their Study Milieu is less than that of boys. The situation is reversed in Grade
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10, when the study sample only includes learners who have chosen to do Mathematics as a
subject for their final three years of school. In Grades 10 and 11 girls outperformed boys on all

fields except Information Processing (Maree et al., 2011).

3.5.2.3 Validity of the SOM
i.  Content validity

The content validity of a test refers to whether the individual test items cover the correct content
(Mertens, 2015; Muijs, 2004). In the case of the SOM, this would mean analysing whether the
questions measure Study Attitude, Mathematics Anxiety, Study Habits, Problem-Solving
Behaviour, Study Milieu, and Information Processing. For example, a question about the
learners’ home environment would be appropriate to measure Study Milieu, but not to measure
Mathematics Anxiety. Content validity can be judged by a literature search, assessment by
experts in the fields, and even by asking people from the target group of the test (Muijs, 2004).
The authors of the SOM tried to ensure the content validity of the SOM by reviewing the
literature on the subject, getting experts to check the ordering and wording of questions,
checking the item field correlations, and checking with experts whether all the important
aspects of each item were included (Maree et al., 2011).

ii.  Construct validity

Construct validity refers to whether the instrument as a whole measures the theoretical
constructs that it purports to measure (Maree et al., 2011; Muijs, 2004). To determine construct
validity in the original study, Maree et al. (2011) examine the inter-correlations between the
test items. The five items assessed for Grade 7-9 learners are Study Attitude, Mathematics
Anxiety, Study Habits, Problem-Solving Behaviour, and Study Milieu. Low correlations would
be expected between the fields since they are considered to be discrete aspects of Study
Orientation. However, some fields have high correlations. Study Attitude correlates with Study
Habits; Study Attitude correlates with Problem-Solving Behaviour; Study Habits correlate with
Problem-Solving Behaviour, and Mathematics Anxiety correlates with Study Milieu (Maree et
al., 2011). Additionally, there is a low correlation between two distinct groupings of items.
Study Habits, Study Attitude, and Problem-Solving Behaviour combine to measure “academic
behaviour in Mathematics” and Mathematics Anxiety and Study Milieu combine to measure

“helplessness, anxiety and lack of control... in Mathematics” (Maree et al., 2011, p. 45).
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iii.  Criterion-related validity: Concurrent validity

Concurrent or simultaneous validity refers to the extent to which an instrument reflects current
behaviour (Mertens, 2015). To determine the concurrent validity of the SOM, it was compared
to two existing tests, the Diagnostic Tests in Mathematical Language (DTML) and the
Achievement Test in Mathematics (ATM). All the items except Problem-Solving Behaviour
correlated at the 1% level. Maree et al. (2011) speculate that the lack of correlation in this sub-
test is due to the questions in the DTML and the ATM not requiring problem-solving skills to
answer successfully, which, far from being a draw-back of the SOM, show its unique benefit.

iv.  Criterion-related validity: Predictive validity

Predictive validity refers to the extent to which a certain instrument can predict what a person
will do in the future (Mertens, 2015). A study of the SOM in relation to school mathematics
results in the Northern Cape found that for “both genders and across all three race groups, the
set of study orientation scales contributed significantly (at the 1% level) to the explanation of
variance in mathematics achievement for Grade 9 learners” (Moodaley, Grobler, & Lens, 2006,
p. 652), demonstrating clear predictive validity for the SOM, at least for white, black and so-

called “coloured” (mixed-race) learners in ex-model C schools.

3.5.2.4 Reliability of the SOM

A highly reliable test instrument has low measurement error. This is measured by comparing
test and retest scores and coming up with a correlation or reliability coefficient. A coefficient
of 0.7 is considered acceptable for research purposes (Muijs, 2004), such as the situation where
| used the SOM. In the original study by Maree et al. (2011), the reliability coefficients for the
different fields for African language learners who did the test in English (the same demographic
as the learners in my study) range from 0.67 to 0.77, with overall reliability of all the fields
together at 0.89. This is somewhat lower than for the learners who did the test in their home

language, as can be seen from Table 4.
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Table 4: Reliability coefficients for the different fields for Grades 8 and 9 by language group

Fields g];‘rgi]zzges English Afrikaans
(N=9s5)  (N=119)  (N=167)
1 0.73 0.86 0.80
2 0.72 0.84 0.87
3 0.77 0.88 0.87
4 0.67 0.82 0.82
5 0.69 0.74 0.83
SOMtotal  0.89 0.95 0.95

Note. Adapted from Manual for the Study Orientation Questionnaire in Mathematics (Maree et al.,
2011, p. 40).

3.5.3 Focus group

As the learners were at the younger end of the spectrum of the norming of the SOM, and doing
the assessment in English, rather than their mother tongues, | did all that I could to assist with
clear understanding of the vocabulary used in the instrument. At the beginning of each
administration of the instrument, | explained that if there were any words that they did not
understand, the learners should put up their hands to ask me for the meaning. Each time a
learner asked the meaning of a word, | thanked the learner for helping their classmates, and
wrote the word, and an easier equivalent, on the board, and gave a brief verbal explanation of
the word to the whole group. Such assistance with English vocabulary is allowed in the test
instructions, which state that testers “may answer questions on the instructions or meaning of
words, provided that they can do this without influencing learners’ answers” (Maree et al.,
2011, p. 17). The same words came up in all four sessions of the SOM, and several were also
mentioned in the focus groups. After each administration of the SOM I ran a focus group to
find out how the learners viewed their experience of taking part in the SOM, asking the

following questions:

1. Have you seen a questionnaire like the SOM before?

2. What did you think of the SOM?

3. Did you understand all the questions in the SOM? Which didn’t you
understand? What did you not understand about each?

Would you have preferred to answer the SOM in another language? Which?
Were there any questions you particularly liked answering? Why?

Were there any questions you didn’t like answering? Why?

Do you have anything else you would like to share with the group?

= 2
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3.5.4 Intervention

3.5.4.1 Summary of the intervention

Table 5: Summary of the intervention

The intervention consisted of three hour-long facilitated sessions where the learners worked
through past papers of the SA Mathematics Challenge for Grade 7. Learners from School 1
participated in the experimental intervention. The sessions took place once a week on a
Tuesday, straight after school so that learners did not miss regular classes. The learners were
seated in double desks, and were given one past paper to share between two learners at a desk.
There were enough desks that a few learners could sit alone. | encouraged the learners to work
in pairs, and to discuss their answers, but also said that they could work alone if they preferred.

Most learners chose to work in pairs.

Week 1 2 3
Activity SA Maths Challenge SA Maths Challenge SA Maths Challenge
2013 2014 2018
First round First round First round
Attendance 43 40 28

Working together ~ Learner choice — mostly pairs

or alone

Teacher input Minimal, tried to get learners to think through problems themselves

Homework Six learners took Six learners took Two learners took
worksheet home worksheet home worksheet home

Feedback on N/A Answer sheet and went  Answer sheet and went

previous week over commaon errors over commaon errors

At the first session, | gave the learners the Grade 7 SA Mathematics Challenge first round
paper for 2013; at the second session, they were given the first-round paper for 2014, and at
the final session they received the first-round paper for 2018. The first-round paper was chosen,
as it is easier than the second-round paper, which tends to have the later questions on a similar
level to the grade above.

After each session, | marked the past paper done by each learner, noting in my
spreadsheet how many questions were completed, and how many were correct. This was to
explore the possible effect of more or less practice. Learners were encouraged to take home the
past papers to complete at home. Six learners did this after each of the first two sessions, and

two after the last session. After seeing how poorly the learners did on the Olympiad type
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questions, | decided not to return papers with a mark on the top of the sheet, because 1 felt it
would be bad for morale and would also put an emphasis on scores rather than on the process
of learning through making mistakes and trying again. Instead, the following week I gave each
learner an answer sheet with answers to the SA Mathematics Challenge questions. These are
provided on the SA Mathematics Challenge website, and give both the correct answer and a
brief explanation. I also explained a selection of the answers to the learners, choosing questions

where many people had made the same type of mistake.

3.5.4.2 Example intervention questions

Below are examples of the type of question asked in the SA Mathematics Challenge (South
African Mathematics Foundation, 2018). All the papers used can be found in the annexures.

6. How many whole numbers between 1 and 1 000 are 6. Hoeveel heelgetalle tussen 1 en 1 000 is deelbaar deur 5
divisible by 5 and 6? en 6?
(A) 31 (B) 32 (C) 33 D) 34 (E) 35

7. The median of five numbers is 5 and the mode is 6. What 7. Die mediaan van vyf getalle is 5 en hul modus is 6. Wat

is the largest possible sum of the five numbers? is die grootste moontlike som van die vyf getalle?
(A) 24 B) 25 ©) 26 ) 27 (E) 28
8. In which column is the number 856 in this table? 8. Inwatter kolom is die getal 856 in hierdie tabel?
A B C D E F G
1 2 3 5 6 7
8 9 10 11 12 13 14
15 16 17 18 19 20 21
22 23 24 25 26 27 28
A)B ® C © D (D) E (E) F
9. In this rectangle, the top side has been divided into 9. Inhierdie reghoek is die boonste sy in derdes verdeel.
thirds. What fraction of the rectangle has been shaded? Watter breuk van die reghoek is verdonker?
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3.5.5 Alternative intervention

3.5.5.1 Summary of the alternative intervention

Table 6: Summary of the Alternative intervention

Week 1 2 3
Activity Maths in English Maths in English Maths in English
Book 1 Book 1 Book 1
Worksheets 1-3 Worksheets 4-5 Worksheet 6
Attendance 46 45 40

Working together  Learner choice — mostly alone

or alone

Teacher input Minimal, tried to get learners to think through problems themselves

Homework Five learners took Six learners took No learners took
worksheet home worksheet home worksheet home

Feedback on N/A Answer sheet & went Answer sheet & went

previous week over common errors over common errors

For the alternative intervention, | followed the same format as the intervention, so there were
also three weekly sessions, each lasting an hour, taking place straight after school. The
alternative intervention sessions ran on a Monday at School 2, whereas the intervention
sessions ran on a Tuesday at School 1. Both sets of sessions took place in the first term,
although School 1 started and finished two weeks earlier than School 2. My aim was to make
the only difference between the two schools be the worksheets that the learners were given. As
at School 1, the learners were seated in double desks, and were given one worksheet to share
between two learners at a desk. | encouraged the learners to work in pairs, and to discuss their
answers, but said that they could work alone if they preferred. In contrast to the intervention
group, most learners chose to work alone.

In the alternative intervention, the worksheets were taken from Mathematics in English
Book 1: Grade 7 book 1 terms 1 & 2 (Department of Basic Education, 2018a). In the first
session | gave them worksheet 1: Commutative property of addition and multiplication,
worksheet 2: Associative property of addition and multiplication, and worksheet 3:
Distributive property of multiplication over addition. In session 2 | gave them worksheet 4:
Zero as the identity of addition, one as the identity of multiplication and other properties of

numbers, and worksheet 5: Multiples, and in the third session | gave them worksheet 6:
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Divisibility and factors. As with the intervention, learners were encouraged to take worksheets
home to complete for homework. Five learners did this after the first session, and six after the
second session. One learner who completed not only worksheets 4 and 5 but also worksheet 6
for homework after the second session was given worksheet 14a: Square and cube numbers to
do during the third session.

After each session | marked the papers and recorded how many questions each learner
completed, and how many were correct. There were far more questions in the alternative
intervention than the SA Mathematics Challenge, because the questions were simple drill
questions, rather than complex problem-solving questions. As with the intervention, | gave
feedback at the start of the next session, in the form of an answer sheet and going over a few
common errors on the board. | drew up the answer sheets myself as | was not able to find
answer books for Mathematics in English Book 1: Grade 7 book 1 terms 1 & 2 (Department of
Basic Education, 2018a). Even though the marks were better than in the intervention, for the
purposes of uniformity, I did for School 2 as School 1 and | did not give learners back their

papers or give them their marks.

3.5.5.2 Example of alternative intervention questions

Below are examples of the type of question asked in the Mathematics in English Book 1:

1. Use zero as the identity of addition, or one as the identity of multiplication to write
a sum for the following:

Zero as the identity of addifion One as the identity of mulfiplication

a. 5 5§+0=5§ S§x1=§

b. 7

c. 9

d. 100

e. 34

i 25

g. 0.1

2. Use zero as the identity of addition, or one as the identity of multiplication to solve
the following:

- 7 [ ]

3. Choose the correct property of number o write and equivalent statement to
complete the equation.

Q. 4+5= b. 2(3+9) = c.3+(4+8)=
El TN | |
d. 5(9-8) = e 9+12= . (2%5) x 11 =

| || | | |
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3.6 DATA ANALYSIS

According to Maree (2016), post-positivist-orientated researchers favour a deductive data
analysis strategy, and interpretivists favour an inductive strategy. In line with the pragmatic
approach, which takes what is useful from any approach, data analysis in my study was

conducted both deductively and inductively.

3.6.2 Quantitative data analysis

As my study was mostly quantitative, the primary data analysis used statistical analysis. This
was done with the assistance of the Statistics department at the University of Pretoria and will

be covered in more detail in Chapter 4.

3.6.3 Qualitative data analysis

The amount of qualitative data generated was minimal, arising from the focus groups held after
the administration of the SOM. This was analysed thematically, both deductively and
inductively. The focus group questions were designed firstly to evaluate whether the experience
of participating in the SOM was in any way detrimental to the young participants, and secondly
to check on the effect of being assessed in English as opposed to their home languages. The
answers were also assessed to look for themes that | had not anticipated.

3.7 QUALITY ASSURANCE

Quality assurance can be defined as the process of evaluating to what extent results are both

consistent over time and reliable in comparison to real world experience (Maree, 2016).

3.7.1 Quantitative quality assurance

In quantitative research, validity and reliability need to be assessed to determine the quality of
the research (Mertens, 2015).

3.7.1.1 Internal validity of quantitative data

There are a number of threats to internal validity of quantitative data (Engel & Shutt, 2014;

Maree & Pietersen, 2016; Mertens, 2015), which are detailed in the following sections.
i.  History

History refers to the external events that take place during the time frame of the study but could
influence the participants in the study (Maree & Pietersen, 2016; Mertens, 2015). | attempted
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to counter this threat by running my intervention and alternative intervention as close to each
other as possible, and both on weekdays after school. In the end, they ran 13 days apart, but
still during the first term of the school year. One event that | was not able to anticipate was that
the organising teacher at School 2 arranged a parent-teacher meeting prior to the study, where
the parents requested participation certificates for the learners. This may have served to

artificially reduce attrition rates at School 2.
ii.  Maturation

Maturation refers to the natural growth of the participants in terms of skills and age during the
study (Mertens, 2015). This is unlikely to have influenced my study much, as it was only five

weeks in duration.
iii.  Instrumentation

Instrumentation is said to have been a problem if the pre- and post-tests differ (Mertens, 2015),
which they did not in my study, or the instrument used is not reliable itself. The SOM is highly
reliable (Maree et al., 2011).

Iv.  Testing

A definite threat to my study was that the pre- and post-tests were administered only four weeks
apart. This could result in learners remembering what they answered the previous time, and
answering in the same way in the post-test. A mitigating factor is that this effect would have
had the same influence on both the intervention and alternative intervention groups, as they
both wrote the pre- and post-test four weeks apart.

v.  Statistical regression

Statistical regression refers to the statistically noted effect that if a person gets an outlying result
in the first assessment with an instrument, subsequent scores tend to move towards the mean

(Maree & Pietersen, 2016). In Chapter 4 | will explore whether this happened.
vi.  Selection bias

Selection bias happens if the two groups being compared differ (Maree & Pietersen, 2016;
Mertens, 2015). The way to counter this is to use entirely random selection. Due to practicalities
| was not able to use randomisation, so | attempted to match the schools as closely as possible.
The range of Grade 6 Mathematics marks did differ between the two groups, with School 1’s
marks ranging from 51% to 90% and School 2’s marks from 58% to 84%. In Chapter 4 I will
examine whether the difference between these ranges is significant.
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vii.  Mortality

Mortality refers to changes in the groups during the study due to participants to leaving the
study for whatever reason (Maree & Pietersen, 2016; Mertens, 2015). In my study, more

participants dropped out of the intervention group than the alternative intervention group.
viii.  Contamination

Contamination is when there is contact between the control and experimental groups (Engel &
Shutt, 2014; Mertens, 2015). | guarded against this by never revealing to either school which
was the other school where the study was taking place. Although the schools were in the same
overall area, it is unlikely that learners from the two schools had contact with each other, as the

schools were approximately a twenty-minute drive apart.
iXx.  Treatment misidentification

Treatment misidentification is when the participants experience something other than what the
researcher intended (Engel & Shutt, 2014). Variations include compensatory equalisation of
treatment, where the researcher favours the control group, and the placebo effect. As a
researcher, | did feel that the alternative group were being short-changed in not getting the
intervention, but | resisted the temptation to deviate from how | had interacted with the
intervention group. The placebo effect was also a real risk, but it applied to both groups. The
participants, parents, and teachers expressed enthusiasm about the study and appeared to be

grateful that their school had been chosen for the study.

3.7.1.2 External validity of quantitative data
External validity refers to the extent to which a study can be generalised (Mertens, 2015).
According to Mertens (2015, p. 189) “tension always exists between internal and external
validity”, with the highest internal validity achieved in a laboratory, and the highest external
validity in the real world.

i. Time
Because a study takes place at a specific time, it cannot be generalised to other historical times

(Creswell, 2013). | have accepted that my study is anchored in the time that it was done, and

as time passes, the results could become less relevant.
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ii.  Selection

Selection validity refers to the degree to which the participants in a study represent the greater
population (Creswell, 2013). Because | selected only two schools for my study, from the same
area in Gauteng, it is not possible to generalise beyond this area, without replication of the

study in other disadvantaged areas of the country.

iii.  Setting
The characteristics of the setting of the experiment, such as the personal characteristics of the
researcher interacting with the participants, can affect the extent to which the study can be
generalised to other settings (Creswell, 2013). Only replication in other settings can truly

counter this threat to external validity, and it was not possible to do this in the time available

for my study.

3.7.1.3 Reliability of quantitative data

The reliability of quantitative data is the extent to which research findings or results from a test
instrument can be replicated (Maree & Pietersen, 2016). In my study two aspects could be
scrutinised for reliability: firstly the reliability of the SOM as an instrument, and secondly the
reliability of my own results. The reliability of the SOM has been covered earlier in this chapter,

and the reliability of my research findings will be covered in Chapter 4.

3.7.2 Qualitative quality assurance

Although the qualitative part of my study was small, and supporting the main quantitative study,
it was important to check both trustworthiness of the data generated from the focus group.
Trustworthiness can be divided into credibility, transferability, dependability, and
confirmability (Mertens, 2015; Nieuwenhuis, 2016)

3.7.2.1 Credibility of qualitative data

In qualitative research, various procedures are used to improve credibility or validity, including
crystallisation, member checks, long term observation, peer examination, collaborative
research, presenting discrepant information, and avoiding researcher bias (Creswell, 2013;

Maree, 2016). Below are listed the techniques that | used in my data analysis.
I.  Crystallisation

In analysing the focus group responses, | identified themes and looked for patterns.
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ii.  Discrepant information

Not all results fit into the identified themes, so | noted opinions expressed in the focus group

that ran counter to the majority view.
iii.  Long-term observation

Although my study was only five weeks long at each of the two schools, four separate focus

groups took place during the study, which enabled me to analyse more data.
Iv.  Researcher bias

| was aware of which group was the control group and which was the alternative intervention
group, so there could have been researcher bias at play. | tried to minimise this by self-reflection,

and by having the same set of questions for all four focus group events.

3.7.2.2 Transferability of qualitative data

Transferability parallels external validity in quantitative research, and is achieved by thick
description and multiple cases (Mertens, 2015). Because my focus group questions were
limited, and the learners gave short answers, the description that | wrote down could not be
described as “thick”. The transferability was somewhat increased by the number of separate

focus groups that took place, using the same questions (four in total).

3.7.2.3 Dependability of qualitative data

Dependability is considered to be the qualitative equivalent of reliability in quantitative
research (Mertens, 2015). However, unlike reliability, which aims for no change over time,
dependability assumes that there is change over time, but that it is documented. In the case of
my study, only four weeks passed between the first and second focus group at each school, so

it is not surprising that the children said very similar things in the two focus groups.

3.7.2.4 Confirmability of qualitative data

Confirmability refers to the degree of neutrality maintained by the researcher in qualitative
research (Nieuwenhuis, 2016). | ensured this by maintaining a professional distance between
the participants and myself as researcher. This was helped by the roles that we were playing in
the research, of teacher and learners, where there usually is a professional distance. Secondly,
documentation that can be perused by following researchers is important for confirmability

(Nieuwenhuis, 2016). All my research notes are available for future researchers.
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3.8 ETHICAL CONSIDERATIONS

In my study, my ethics were guided by the American Psychological Association (APA) General
Principles, which are A) beneficence and non-maleficence, B) fidelity and responsibility, C)
integrity, D) justice, and E) respect for people’s rights. Additionally, | was also guided by the
APA requirements for Research and Publication and Assessment (American Psychological
Association, 2017). Lastly, I was required to gain ethical clearance from the University of

Pretoria and the Department of Basic Education before embarking on my study.

3.8.1 APA General Principles
3.8.1.1 Beneficence and nonmaleficence

According to the APA General Principle of beneficence and nonmaleficence, participation in
a study should benefit and not harm participants, and be just in its extension of any services
offered to the participants (Elias & Theron, 2012). As a result, | administered an alternative

intervention to the “control” group.

3.8.1.2 Fidelity and responsibility
To keep to the APA principle of fidelity and responsibility (Elias & Theron, 2012), | remained

professional in all my dealings with schools, teachers, and learners throughout the study. This
was also important because | was representing the University of Pretoria, and the wider
research community. As a result, | dressed and conducted myself in a formal yet friendly
manner, was honest, and carefully documented all interactions. Additionally, | sought ethical
clearance from the University of Pretoria and the Department of Basic Education, which
included the study design, and all letters sent to schools. These letters can be seen in the
Appendices.

3.8.1.3 Integrity

The APA principle of integrity requires that psychologists are honest and “avoid unwise or
unclear commitments” (American Psychological Association, 2017, p. 4). To this end, | was
very careful not to promise improvement in mathematical, problem solving or other skills for

the participants in my study.

3.8.1.4 Respect for participants’ rights and dignity

Lastly I endeavoured to respect the participants’ rights and dignity (Elias & Theron, 2012). The
participants in my study would be considered “vulnerable” (World Health Organization, 2018)
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on two counts: firstly because they are minors, and secondly because they are disadvantaged.
Bearing this in mind, I ensured confidentiality of individual learners’ scores on the SOM and
on the worksheets they completed as part of the intervention or alternative intervention,
especially bearing in the mind that these tests could influence the way a teacher, or other

students interact with a child were the results to be made public.

3.8.2 Ethical standards in research and publication
3.8.2.1 Institutional approval

| gave accurate information to the university and the Department of Education when obtaining

ethical approval.

3.8.2.2 Informed consent to research

| obtained informed consent from the school principals of the two schools involved in my study,
and both consent from the parents of the participants and assent from the participants
themselves, as they were minors. | checked the language level of my parent and learner letters
with second-language and young learners to ensure that the level was appropriate for my

intended audience.

3.8.2.3 Informed consent to recording voices or images in research

No recordings or photographs of participants were made in my research. | did take photographs
of the board to assist with noting which words /questions the learners had found difficult in the
SOM.

3.8.2.4 Client/Patient, student, and subordinate research participants

I chose schools with which | had no prior relationships, and none of the participants, teachers

or school management was previously known to me.

3.8.2.5 Dispensing with informed consent

| did not at any time dispense with informed consent.

3.8.2.6 Offering inducement for research participation

No inducement was offered to participants in the research. The parents and management of
School 2 did request participation certificates. After consultation with my supervisor, | agreed

to this request, although | was concerned that it could jeopardise the anonymity of the study.
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3.8.2.7 Deception in research

The APA ethical standard on deception in research requires that psychologists only use
deception if it is necessary, does not cause pain to participants, and that it is explained as soon
as possible (American Psychological Association, 2017). There was no deception involved in
my research, as the consent forms clearly stated which intervention the participants would be
participating in.

3.8.2.8 Debriefing

The APA requires psychologists to share appropriate information with participants about the
study (American Psychological Association, 2017). | will send copies of my published
dissertation to both schools involved in the study, and ask the schools to pass the information
along to the parents, whose children will have completed primary school by the time the study
is published.

3.8.2.9 Humane care and use of animals in research

No animals were used in my research.

3.8.2.10 Reporting research results

The APA ethics standards on reporting research results state that psychologists should not
invent data, and if they find significant errors in their data after publication, they will correct
them (American Psychological Association, 2017). I declare that my data is not fabricated, and

I have checked and rechecked my data in an effort to maintain accuracy in transcription.

3.8.2.11 Plagiarism

My study was entirely my own, and all references in my dissertation are acknowledged.

3.8.2.12 Publication credit

| take responsibility for this study as my own work.

3.8.2.13 Duplicate publication of data

None of the data in my study has been previously published.

3.8.2.14 Sharing research data for verification

I will make my research data available to later researchers who would like to verify my study.
To this end, | have included as much information in the body of this dissertation as is practical.
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3.8.3 Ethical standards in assessment

| used an assessment instrument in my study, namely the Study Orientation in Mathematics
(Maree et al., 2011). As a result, I consider myself bound by the APA ethical standards in

assessment (American Psychological Association, 2017).

3.8.3.1 Bases for assessments

The APA ethical standard on bases for assessment states that psychologists should base their
opinions on “information and techniques sufficient to substantiate their findings” (American
Psychological Association, 2017, p. 13). To this end, | used an existing instrument, and will

limit my findings to what can be substantiated.

3.8.3.2 Use of assessments

The SOM has been normed on Grade 8-11 South African learners, including disadvantaged
learners. The original norm sample consisted of 3013 learners. Schools were selected randomly
within three sub-populations, namely education department, medium of instruction at the
school (English or Afrikaans), and area (urban or rural). Twenty schools were chosen randomly,
and within each school thirty learners were chosen, also randomly. The Education Department
was a fairly good proxy for race group at the time of the original study. Of the 3013 learners
selected, 1741 were in grade 8 or 9, of which 1241 were chosen for the proportionate sample.
Out of this proportionate sample, 1004 learners (76.8%) were tested in a language that was not
their home language, and 995 had an African language as their home language, like the learners
in my study. The percentage of learners tested in not their home language correlates reasonably
well with the 79.8% of Grade 8 and 9 learners in South Africa who are educated in a language
that is not their home language (Maree et al., 2011).

Maree et al. (2011) extrapolated norms for Grade 7 and 12 learners, which enabled me
to use the SOM for my study’s participants, who were Grade 7 learners at schools in a
disadvantaged area. | used the English language version of the SOM, as English was the
language of learning and teaching in both participating schools. Although I was not able to
administer the SOM in the home languages of the participants, due to a large number of
different home languages, and my own language limitations, | tried to minimise the effects of
second-language administration by explaining meanings to any words the learners did not

understand.
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3.8.3.3 Informed consent in assessments

The SOM was mentioned in the informed consent and assent forms, so participants were aware
that it would be used. In addition, I included a focus group after each administration of the
SOM, to understand how the learners experienced the assessment. If any serious concerns had

arisen from the focus groups, | would have been able to address them timeously.

3.8.3.4 Release of test data

| chose not to routinely release test data to learners or their parents, due to practical issues with
large numbers of participants and a language barrier. However, | would release the information

to individuals who requested such information.

3.8.3.5 Test construction

| used an assessment that has been standardised by professionals, rather than creating my own

instrument.

3.8.3.6 Interpreting assessment results

In Chapter 4, | will bear in mind the APA ethical standard of interpreting test results, which is
the purpose of the assessment as well as the characteristics of the individual being assessed
(American Psychological Association, 2017).

3.8.3.7 Assessment by unqualified persons

The APA does not condone the administration of assessments by unqualified persons. As | am
not a psychologist, | chose an instrument that can be administered by a qualified Mathematics

teacher, which | am.

3.8.3.8 Obsolete tests and outdated test results

The instrument used in my study is not obsolete.

3.8.3.9 Test scoring and interpretation services

| scored the SOM myself so the ethical standard on test scoring and interpretation services is

not relevant.

3.8.3.10 Explaining assessment results

I did not release results to participants so I did not explain assessment results, except the group-

level explanation that will follow in Chapter 4 of this dissertation.
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3.8.3.11 Maintaining test security

| have kept the test materials safe from public scrutiny, as published materials and required by
the APA Standard 9.10 on maintaining test security (American Psychological Association,
2017).

3.9 SUMMARY OF CHAPTER 3

In Chapter 3, | started with the theoretical underpinnings of my study: the paradigm of critical
realism, tinged with pragmatism; then the QUAN -> Qual methodological approach and the
quasi-experimental research design. | then discussed my selection criteria for both schools and
learners within those schools. Next, | described the study in detail, covering the schools and
the timetable of the study; the assessment instrument used, the focus group, the intervention,
and the alternative intervention. Lastly, | situated my study ethically, taking into account the
APA general ethical principles, and the ethical standards for research and assessment. This

leads to the next chapter, where | describe the results of the study.
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CHAPTER 4 —- DATA ANALYSIS AND RESULTS

Chapter 4: Overview

In this chapter, | start by examining the internal reliability of the data. After that, | compare the
two schools that were used in the study, in terms of demographics, and then | compare the pre-
tests of the Study Orientation in Mathematics Questionnaire (SOM) (Maree et al., 2011). Lastly,
I discuss the results of the study. In this discussion | compare pre- and post-test differences for
both schools, firstly using the full sample, and then using a subset of the data, in case my initial

definition of mathematical giftedness was not rigorous enough.

4.1 QUANTITATIVE DATA ANALYSIS
4.1.1 Data reliability

The reliability of the SOM was discussed in Chapter 3. To check the internal consistency or
reliability of the dataset from my study, a Cronbach Alpha test was run on the pre-test dataset
(Tavakol & Dennick, 2011). This consisted of all the participants who completed both the pre-
and the post-test, which were 27 from School 1 (the intervention group®) and 40 from School
2 (the alternative intervention group?). In Table 7 | compare my study sample to the African
language learners in the original sample used for norming the SOM. The reliability of my
sample compared well with the original sample. The Problem-Solving Behaviour sub-test had
a reliability of 0.78, which is above the acceptable cut-off of 0.7 (Muijs, 2004).

Table 7: Reliability coefficients for the different fields for the pre-test

African languages My study

Fields
(N=955) (N=67)

1. Study Attitude 0.73 0.68
2. Maths Anxiety 0.72 0.65
3. Study Habits 0.77 0.73
4. Problem-Solving Behaviour  0.67 0.78
5. Study Milieu 0.69 0.72
SOM total 0.89 0.87

Note. Adapted from Manual for the Study Orientation Questionnaire in Mathematics (Maree et al.,
2011, p. 40)

! The intervention group answered SA Mathematics Challenge past papers in weeks 2 to 4 of the study.
2 The alternative intervention group completed worksheets from the Department of Basic Education in weeks 2 to 4 of the
study.
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4.1.2 Demographic comparison of the two schools

Secondly, I compared the demographics of the two schools, to see if my samples from the two
schools could be considered to be equivalent. This was necessary because | did not randomly
assign learners to the intervention and the alternative intervention, rather choosing to run the

intervention at School 1 and the alternative intervention at School 2.

4.1.2.1 Gender

The Pearson’s chi-square test on the cross-tabulation of gender by school showed that gender
distribution did not differ significantly between the two schools (p-value = 0.34). The Pearson’s
chi-squared test was chosen because both gender and school are categories, and do not imply
an order (Mat Roni, Merga, & Morris, 2020). In both schools, the number of girls far
outweighed the number of boys in the top 50 in the grade. See Table 8 for a breakdown of the
gender distribution of the groups.

Table 8: Gender comparison of intervention and alternative intervention groups

School 1 Sinen) 2
Gender . (Alternative Total
(Intervention) . .
intervention)
Female 24 (88.9%) 32 (80.0%) 56 (83.6%)
Male 3(11.1%) 8 (20.0%) 11 (16.4%)

4.1.2.2 Age

The age range was from 11 to 14 years in the intervention group, and 11 to 13 years in the
alternative intervention group. The median age for learners from both schools was 12.00 years,
and the mean for the intervention group is 12.30 years with a standard deviation of 10.9 months,
whereas the mean for the alternative intervention group was 12.08 years, with a standard
deviation of 7.4 months. Because age was not normally distributed, the non-parametric Mann-
Whitney U test was used to analyse the data (Mat Roni, Merga, & Morris, 2020; Pietersen &
Maree, 2016a). The p-value on these tests was 0.35, which means that there was no significant

difference between the two school samples in terms of age.

4.1.2.3 Home language

The number of home languages spoken by the participants was extensive, with all eleven
official languages, plus “other”, represented between the two schools. One participant did not

choose a home language on either the pre- or post-test. Two participants at each school listed
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more than one home language. There was some difference in terms of the spread of language
groups at the different schools. Table 9 shows that the intervention group was dominated by
Sotho-Tswana languages (Southern Sotho, Northern Sotho, and Tswana), and the alternative
intervention group dominated by Nguni languages (Xhosa, Zulu, Swati, and Ndebele) (Jordan,
2015). However, both groups could be described as African language speakers taking the SOM
in English. Two participants listed English as a home language, but alongside Xhosa, or Xhosa
and Zulu, as other home languages, so this could just indicate that the language of learning and
teaching at school was also used at home.

Table 9: Home language comparison of intervention and alternative intervention groups

L School 1 School 2 (Alternative
anguage grou
Rl (Intervention)  intervention)

English 0 2 (4.5%)
Sotho-Tswana languages 16 (55.2%) 10 (22.7%)
Nguni languages 6 (20.7%) 23 (52.3%)
Other languages 6 (20.7%) 9 (20.5%)
Not given 1 (3.4%) 0

4.1.2.4 Grade 6 Mathematics marks

The selection for learners from both schools was done according to their Mathematics marks
from the end of Grade 6 the previous year. School 1 had 355 Grade 6 learners in 2018, and
School 2 had 340 Grade 6 learners. In each case the top 50 learners were selected for my study.
| analysed the Grade 6 marks for the participants who completed the study, participating in
both the pre- and post-tests. The Mann-Whitney U test, which is a non-parametric test used in
place of an independent t-test for small or non-normal samples (Pietersen & Maree, 2016a) was
used to compare the Grade 6 marks for the two schools. The sample from School 1 had a much
broader range of marks (51% to 90%) than that of School 2 (58% to 84%), but the median of
School 1’s sample (72%) was considerably higher than School 2’s sample (65%). The mean
for School 1 was 71.26% with a SD of 10.97 and the mean for School 2 was 66.28%, with a
SD of 6.46. A p-value of 0.04 was obtained from the Independent Samples Mann-Whitney U
test which is below the 5% significance chosen for this study, so it can be said that the

distribution of grade 6 marks was not the same across schools.
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4.1.3 Comparison of pre-tests at the two schools

| compared the pre-test of the SOM at School 1 to the pre-test at School 2. For this comparison,
first descriptive statistics were computed across the two schools, and then a non-parametric test
(Mann-Whitney U) was performed. The aim of these tests was to find out if the schools could
be considered to be equivalent in terms of problem-solving skills prior to my interventions. As
shown in, p-values greater than 0.05 were obtained for all three tests, across all fields of the
SOM. This shows that prior to my intervention, the two groups can be considered to be on a

par in terms of all sub-tests of the SOM, and in terms of overall Mathematics study orientation.

Table 10: Significance of statistical tests comparing pre-tests at School 1 and School 2

Levene’s Test for  T-test for )
Mann-Whitney

Fields Equality of Equality of
Variances Means (2-tailed)

1. Study Attitude 0.33 0.97 0.81
2. Maths Anxiety 0.70 0.59 0.77
3. Study Habits 0.92 0.89 0.82
4. Problem-Solving Behaviour  0.47 0.72 0.52
5. Study Milieu 0.50 0.41 0.34
SOM total 1.00 0.79 0.75

4.2 QUALITATIVE DATA ANALYSIS
4.2.1 Focus groups

In addition to statistical analysis of the SOM, I also conducted a focus group each time after
the SOM was administered. This was to assess how participants viewed their experience of the
SOM, especially since they were at the younger end of the age spectrum of the norming of the
test, and nearly all of them were being assessed in a language that was not their home language.

The participants for the focus group were partially chosen by choosing learners from
the top, middle, and bottom of the group, based on their Grade 6 marks, and partially from
learners asking if they could join the group. School 1’s focus group consisted of six girls and
two boys. The two boys dropped out of the study before the second focus group session. At
School 2 the focus group consisted of seven girls and three boys, who were all present at both

focus group sessions.
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4.2.1.1 Focus group after the pre-test of the SOM

The first focus groups were held at each school straight after the first assessment with the SOM.

The questions were designed to gauge the experience of being assessed with the SOM.

1. Have you seen a questionnaire like the SOM before?

2. What did you think of the SOM?

3. Did you understand all the questions in the SOM? Which didn’t you understand?
What did you not understand about each?

Would you have preferred to answer the SOM in another language? Which?
Were there any questions you particularly liked answering? Why?

Were there any questions you didn’t like answering? Why?

= 2 @ &

Do you have anything else you would like to share with the group?

Answers to the pre-test questions were similar for both schools. Neither had ever seen anything
like the SOM before. Question 2 was greeted by an awkward silence by School 1. One
participant in School 2 said that the SOM was “easy” but no one else volunteered anything. I
then suggested several words, and half the participants chose “interesting” as the best word to
describe what they thought of the SOM. In answer to question 3, both groups listed some of the
words that they had asked me for meanings. At this point in both focus groups, the groups
warmed up a bit. The words that both groups listed as difficult to understand were “anxious”,
“convey”, “enthusiastically”, “theorems” and “perspire” (Maree et al., 2011). In addition, the
School 2 focus group mentioned “geometry” and “memorisation” (Maree et al., 2011). Most
of the School 1 group were happy doing the SOM in English, but one participant would have
preferred to do it in Sotho. School 2 was more enthusiastic about this question and listed Sepedi
(2 learners), Swati, Xhosa and Zulu as preferred languages to do the SOM.

Questions 5 and 6 elicited more passionate responses than the other questions,
especially question 6. As shown in Table 11, the most popular questions in the SOM were

positively phrased questions from the Study Attitude section.
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Table 11: Questions of the SOM which at least one participant liked answering

Question Subsection School
I enjoy solving Maths problems Study Attitude 1,2
| believe that | can do well in Maths Study Attitude 1,2

I believe it is important to use Maths to help make the Study Attitude 1
world a better place

I test myself in writing as well as orally on Maths that | Study Habits 2
learn
I keep my Maths homework up to date by completing Study Habits 2

every day’s work

I explain Maths to my friends, parents or other persons Problem-Solving 1
Behaviour

| found that participants interpreted the question “were there any questions you didn’t like
answering?” differently to my expectations. I thought they might choose questions that were
too personal, or that they had been embarrassed to answer in the affirmative. However, it seems
that as relatively young learners, they chose questions as “disliked” because they disagreed
with the statement made in the question. The question chosen by the most participants (two
from School 1 and one from School 2) was “I postpone my Maths homework”. Participants
responded to the question with wide eyes and open mouths, saying, “it’s not true!” They had a
similar response to four of the Study Milieu questions, for example “it is my parents’ or
teachers’ fault that I do not work in Maths”, which one participant said “didn’t feel right”.
Other Study Milieu questions that mentioned problems at home, and personal problems were
said to be “untrue for me” or “not true”. They also listed four Maths Anxiety questions in the
list of questions that they didn’t like answering, but it was more that the questions (such as “I
move my feet when my Maths teacher asks me a question” and “in the Maths class I find I have
to visit the toilet”) were outside their experience. Their responses were accompanied by
giggling and one reason given was “I’ve never done that in my life”. Considering that all the
participants were chosen as the top 50 in their grade in Mathematics, it is not surprising that
Maths Anxiety was outside of most of the participants’ experience. In addition, because I
allowed extra participants to join the focus groups over and above my initial selection of
participants with low, middle, and high marks, it is possible that the focus group sample was
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skewed to participants who were high-achieving and at lower risk of Maths Anxiety than the
overall study selection. Looking at the SOM results for focus group members, there were some
whose scores indicated Maths Anxiety, but they were in the minority, and perhaps were quiet
during discussion of those questions.

4.2.1.2  Focus group after the post-test of the SOM

The post-test focus group included questions about the experience of participating in the study,
as well as the experience of participating in the SOM for a second time, as can be seen from

the questions listed below:

What have you seen that was like the worksheets we did?

What did you think of the sums we did?

How do you feel about the level of difficulty (or easiness) of the sums?
What did you like about the sessions we had?

What didn’t you like about the sessions we had?

What did you learn from participating in this study?

What was it like answering the SOM again?

P & @ @ & @R

In which ways did you answer the same as the first time or different from the
first time?

9. What else would you like to share with the group?

10. Were there any questions you didn’t like answering? Why?

11. Do you have anything else you would like to share with the group?

The two groups answered question 1 differently, but that is to be expected, as the sums
they did were different. The SA Mathematics Challenge group mostly said that they had not
seen anything like that before, with one participant mentioning the Social Science Challenge.
The participants at School 2 all said they had seen sums like the Department of Basic Education
worksheets.

The attitude of the participants to their experience, as expressed by questions 2 to 6
was also different. The alternative intervention focus group gave shorter and more general
answers like “fine” and “easy”, whereas the intervention group balanced positive statements
with statements that acknowledged the effort involved. Positive statements included that the

sums were “almost equal to normal Maths”, “great because | was learning something new”,

“some sums were so challenging, but also so nice”. Even the answer to question 7 showed this
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difference with a participant from the intervention group saying “I think it was so we could
have a second chance”.

The only question that resulted in the same answer between the two groups was
question 8. In both groups one participant said that they answered the same as before, and the
others all said that they answered differently, and in one group, the participants were quite

disbelieving of the dissenting learner.
4.3 RESULTS

The main null hypotheses for my study were:

1. There is no significant difference between the pre-test and post-test mean scores for the

two groups.

2. There is no significant difference between the post-intervention scores of the two groups

(intervention and alternative intervention).

The alternative hypothesis was that there is a significant difference in the post-test mean scores
of the intervention and alternative intervention groups. To evaluate these hypotheses, |
examined the change in the Problem-Solving Behaviour sub-test of the SOM from the pre-test
to the post-test in both schools.

4.3.1 Comparing pre- to post-test: Intervention group

A Related-Samples Wilcoxon Signed Rank Test was chosen as a non-parametric test to
investigate whether there was a significant change from the pre- to the post-test in the
intervention group (Maree & Pietersen, 2016). | looked at the results for the Problem-Solving
Behaviour sub-test of the SOM in particular, as this was being used to assess whether the SA
Mathematics Challenge intervention had improved the participants’ problem-solving skills.
The null hypothesis investigated was “the median of differences between SOM PSB post-test
and SOM PSB pre-test equals 0”. The significance of this test was 0.21, which is above 0.05,
so the null hypothesis was not rejected; in other words, there was no significant improvement
to problem-solving skills from the SA Mathematics Challenge intervention, which was against

my expectations.

4.3.2 Comparing pre- to post-test: Alternative intervention

When investigating whether the alternative intervention had had any effect on the problem-

solving skills of the participants, | used the same null hypothesis as for School 1. My
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expectation was that the SA Mathematics Challenge group would have had an improvement to
their problem-solving skills, and that the alternative intervention group would have had a
smaller or no improvement in their problem-solving skills. The p-value of the Related-Samples
Wilcoxon Signed Rank Test on the alternative group was 0.07, which is above 0.05, so the null
hypothesis was also retained. In other words, as with the SA Mathematics Challenge group,
there was also no significant improvement to problem-solving skills from the alternative

(Department of Basic Education worksheets) intervention.
4.4 DISCUSSION OF RESULTS

There are multiple possible reasons for the lack of significant improvement in the problem-
solving skills of the intervention group. These relate to the pre-test results, the length of the
study, and whether the participants were actually gifted and had sufficient basic Mathematical
skills to cope with higher-level Mathematical thinking.

4.4.1 Pre-test equivalence

The first possibility is that the groups were not actually equivalent, as the participants were not
chosen randomly. However, this seems unlikely, as the demographics showed no significant
differences between the two samples in terms of gender balance, age demographics, or pre-test

scores. Only the Grade 6 marks showed a significant difference between the two groups.

4.4.2 Length of the study

The study was noticeably short, with only three hour-long sessions dedicated to the intervention,
especially considering that this was the first exposure that participants had to the SA
Mathematics Challenge or similar Olympiad-style mathematics problems. In contrast, the
course that | ran on the SA Mathematics Challenge and Mathematics Olympiad, which partly
inspired this study, consisted of ten sessions, which ran for over 1.5 hours for the majority of
sessions, and included overt teaching of skills and ways to approach such problems. The study
by Govender (2014b), which was the other inspiration for this study, was short, consisting of
two sessions, but did also include a step where the 14 in-training teachers marked 900 SA
Mathematics Challenge scripts and categorised the questions into types, which could have
conferred vicarious experience on how to answer such questions. The participants in that study
also were second-year education students, who had all done Mathematics to at least first year
university level, so the underlying Mathematical concepts required by the Grade 7 SA

Mathematics Challenge paper would have been well embedded. It is possible that repeating the
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study over a longer period, and perhaps developing or using lessons on the types of Olympiad-
type questions, such as provided by the South African Mathematics Foundation (SAMF), might
give different results.

4.4.3 Giftedness and basic mathematical skills of the participants

The third limitation of the study is the sampling. Selecting participants by their Grade 6
Mathematics marks was always only a proxy for identifying giftedness. In School 1, the top 50
was 14.1% of the Grade, and in School 2, the top 50 was 14.7% of the Grade. | was surprised
at how low the Mathematics marks went in the selected groups, down to 51% in the intervention
group, and 60% in the alternative intervention group. This might have resulted in a lack of
basic mathematical skills to tackle higher-level questions such as posed in the SA Mathematics

Challenge.

4.4.3.1 Dropout rate and relative difficulty of the interventions

The dropout rate was much higher in the intervention group, with 23 out of 50 participants
(46%) dropping out before the end of the study, compared to only 3 out of 44 participants (7%)
dropping out of the alternative intervention group. This is a significant difference, and it is
worth exploring the potential reasons for it.

The higher dropout rate at School 1 could be due to the intervention being more
difficult for the participants than the alternative intervention. An examination of the marks the
participants gained in the different worksheets shows that the intervention was considerably
more difficult for the participants than the alternative intervention. Although I decided not to
share marks with the participants, to emphasise growth and learning over getting sums correct,
participants were supplied with answer sheets after each session so they would have been aware
of how they were doing. On average, participants in the intervention group answered 42
questions, and only 21% of these were correct. In contrast, the questions in the alternative
intervention were much shorter, with participants answering on average 105 questions, and
getting 82% correct.

Another possible contributing reason for the differing dropout rates at the two schools
is the different way the two schools approached my study. The deputy head of School 2
arranged a meeting with the parents of the potential participants, but no such meeting was
arranged for School 1. I was only informed about the meeting after it had taken place, when
the deputy head made several requests in exchange for participation. Several of the requests
were not possible, but I did agree to provide the participants with participation certificates on
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completion of the study. It is possible that the knowledge that they would receive participation
certificates (and that their parents knew about the certificates) might have encouraged some

School 2 participants, who might otherwise have dropped out, to stay with the study to the end.

4.4.3.2  Selection of a subset of the participants

To investigate whether low mathematics skills were a limit to developing problem-solving
skills, I examined the top stratum of my study participants. To do this, | went back to the initial
sample, and selected the top 5% of the grade in each school. Definitions of giftedness range
from the top 2% to 5% of the population, and the sample size for 5% was still workable,
statistically. This resulted in a sample of 17 learners from each school. From there, | excluded
learners that did not complete both the sessions of the SOM. This resulted in a sample of 12
learners (2 boys and 10 girls) from School 1 and 14 learners (2 boys and 12 girls) from School
2. The lowest Grade 6 mark in this sample was 74% at School 1 and 68% at School 2. This
sample was less affected by the dropout rate at School 1 than the larger sample. At School 1,
five participants (30%) of the smaller sample dropped out, compared to 3 participants (18%)
at School 2.

45  DATA ANALYSIS OF THE 5% SAMPLE
45.1 Demographic comparison of the two schools

I compared the demographics of the 5% sample of each school in the same way that | had

compared the overall study groups.

45.1.1 Gender

As with the larger sample, the gender distribution was similar between the two groups. Girls
constituted 83.3% of the intervention group sample and 85.7% of the alternative intervention
sample. The p-value from the Pearson chi-squared test was 0.43 for the subset, compared to
0.17 for the larger groups, once again showing that the groups were comparable in gender

distribution. See Table 12 for the gender breakdown of the 5% sample at the two schools.

Table 12: Gender comparison of intervention and alternative intervention 5% sample

Intervention Alternative
Gender intervention 5% Total
5% sample
sample
Female 10 (83.3%) 12 (85.7%) 22 (84.6%)
Male 2 (16.7%) 2 (14.3%) 4 (15.4%)
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4512 Age

The age ranges for the two sub-groups were the same as for the full study group at each school:
11 to 14 years for the intervention sub-group, and 11 to 13 years for the alternative intervention
sub-group. The median was 12.00 years for both sub-groups. The mean for the intervention
sub-group was 12.25 years with a standard deviation of 11.6 months, and 12.00 years (SD=8.1
months) for the alternative intervention sub-group. Once again age was compared using a non-
parametric test, due to the small sample size (Mat Roni et al., 2020; Pietersen & Maree, 2016a).
The p-value for the Mann-Whitney U test was 0.53, compared to 0.35 on the larger group,
showing that there was no significant difference between the two 5% samples in terms of age.
Table 13 shows the age distribution of the 5% groups at both schools.

Table 13: Age comparison of intervention and intervention 5% sample

Intervention ATEEDE
Age intervention 5%  Total

5% sample

sample

11 3 (25.0%) 3 (21.4%) 6 (23.1%)
12 4 (33.3%) 8 (57.1%) 12 (46.2%)
13 4 (33.3%) 3 (21.4%) 7 (26.9%)
14 1 (8.3%) 0 1 (3.8%)
Total 12 14 26

4.5.1.3 Home language

As with the larger samples, both the sub-groups consisted mainly of participants whose home
language was not English. There was just one participant who listed English alongside Xhosa
and Zulu as home languages. As can be seen in Table 14, similar to the larger groups, the
intervention sub-group was dominated by Sotho-Tswana languages (69.2%) and the largest

language group in the alternative sub-group was Nguni (50.0%).

Table 14: Home language comparison of intervention and alternative intervention 5% groups

Intervention Alternative
Language group ) )
5% group intervention 5% group
English 0 1(6.3%)
Sotho-Tswana languages 9 (69.2%) 5 (31.3%)
Nguni languages 2 (15.4%) 8 (50.0%)
Other languages 2 (15.4%) 2 (12.5%)
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45.1.4 Grade 6 Mathematics marks

The Mann-Whitney U test was used to compare the Grade 6 marks for the two sub-groups. The
intervention sub-group ranged from 74% to 90%, with a mean of 81.17% and the alternative
intervention sub-group ranged from 68% to 84%, with a mean of 73.50%. A p-value of 0.04
was obtained, so like with the larger samples, the distribution of Grade 6 marks differed across
schools. See Table 15 for the comparison of the distribution of Grade 6 marks across the two

schools for both the 5% samples and the larger samples.

Table 15: Grade 6 marks: Comparison of intervention and alternative intervention 5% groups

Intervention Alternative Intervention Alternative intervention
group intervention group 5% sample 5% sample
(N=27) (N=39) (N=12) (N=14)

Minimum 51 58 74 68

Maximum 90 84 90 84

Mean 71.26 66.28 81.17 73.50

Median 72.00 65.00 80.00 72.50

Standard deviation 10.97 6.46 5.10 5.79

4.5.2 Comparison of pre-tests at the two schools

A Mann-Whitney U non-parametric test was used to compare the pre-test results between the
intervention sub-group and the alternative intervention sub-group. As can be seen from Table
16, like with the larger samples, the p-values obtained were all greater than 0.05, which means
that in all cases, the null hypothesis was not rejected. In other words, the two sub-groups can
be considered to be equivalent in terms of overall Study Orientation and all sub-tests of the
SOM prior to the interventions.

Table 16: Two-sided p-values of Mann-Whitney tests comparing pre-tests between schools

Fields Full sample 5% sample
1. Study Attitude 0.81 0.90
2. Maths Anxiety 0.77 0.16
3. Study Habits 0.82 0.49
4. Problem-Solving Behaviour 0.52 0.94
5. Study Milieu 0.34 0.30
SOM total 0.75 0.53
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Table 17: Pre and post-test results of the SOM for the 5% sample at both schools by grade 6 marks

Gr.6  Pre-test Post-test
Maths
School mark SA MA SH PSB SM Total SA MA SH PSB SM Total
1 90 48 35 38 36 45 202 52 40 41 38 42 213
1 87 40 42 42 51 37 212 48 28 52 47 30 205
1 86 50 42 54 55 44 245 52 39 59 57 40 247
1 85 45 37 55 51 30 218 40 36 43 36 37 192
1 84 55 43 51 50 42 241 53 42 55 62 48 260
1 81 47 49 50 26 41 213 34 32 37 28 46 177
1 79 51 38 52 65 39 245 53 43 56 46 44 242
1 78 43 38 43 31 37 192 43 45 43 45 40 216
1 77 54 46 54 46 49 249 44 28 35 50 31 188
1 77 46 48 45 49 34 222 52 37 53 50 44 236
1 76 43 32 48 48 36 207 35 40 37 43 37 192
1 74 36 28 38 41 34 177 33 42 33 32 35 175
2 84 49 49 45 46 37 226 43 43 51 34 44 215
2 84 48 45 42 26 42 203 42 50 48 40 46 226
2 78 50 43 55 47 40 235 A7 45 46 47 39 224
2 78 43 39 55 52 49 238 45 46 63 66 47 267
2 75 45 54 39 37 51 226 47 43 49 45 28 212
2 75 50 40 45 38 33 206 36 31 38 41 32 178
2 74 52 34 58 48 41 233 56 43 57 47 38 241
2 71 46 53 55 55 49 258 51 56 55 54 51 267
2 70 38 26 33 44 28 169 49 33 50 34 44 210
2 68 55 48 61 56 45 265 51 51 57 59 46 264
2 68 46 48 57 53 39 243 54 51 59 57 49 270
2 68 51 37 51 62 43 244 50 29 47 50 35 211
2 68 44 44 50 46 39 223 41 48 51 46 39 225
2 68 35 49 33 24 42 183 39 3 47 40 38 199
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4.6.1 Comparing pre- to post-test: intervention sub-group

As with the larger sample, a Related Samples Wilcoxon Signed Rank Test was used to analyse
the SOM Problem-Solving Behaviour sub-test scores, comparing pre- and post-test scores for
the intervention group. My hypothesis was that the participants in the 5% sample would have
benefited from the intervention, and improved their problem-solving skills. As can be seen in
Table 18, the one-sided p-value obtained was 0.36, which is greater than 0.05, so the
intervention did not result in a significant difference in problem-solving skills, even for the 5%
sample.

Table 18: One-sided p-values of Related Samples Wilcoxon Signed Rank test comparing
pre- and post-tests of 5% samples for both schools

Fields Intervention Alternative intervention
5% sample 5% sample
1. Study Attitude 0.22 0.49
2. Maths Anxiety 0.28 0.43
3. Study Habits 0.20 0.12
4. Problem-Solving Behaviour 0.36 0.17
5. Study Milieu 0.24 0.49
SOM total 0.23 0.28

4.6.2 Comparing pre- to post-test: Alternative intervention sub-group

As with the intervention 5% sample, a Related-Samples Wilcoxon Signed Rank Test was used
to compare the pre- and post-test results for the Problem-Solving Behaviour sub-test of the
SOM for the alternative group. The p-value obtained was 0.17 (see Table 18), which although
lower than the intervention group, was still above 0.05, meaning that there was no statistically
significant improvement to problem-solving skills after participation in the alternative

intervention.

4.7  DISCUSSION OF RESULTS FOR THE 5% SAMPLE
4.7.1 Pre-test equivalence

As with the larger sample, the demographics of the two 5% samples were equivalent in terms
of gender, age and pre-test SOM scores. As with the larger sample, the grade 6 marks showed
a significant difference between the two groups.
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4.7.2 Definitions of giftedness

The 5% sample was drawn specifically to address one limitation of the study groups, namely
that the top 50 samples at the two schools consisted of a rather broad percentage of the Grade
for a study of giftedness (14.1% of the grade at School 1 and 14.7% of the grade at School 2).
The top 5% is quite commonly used as a definition of giftedness (Lohman, 2013; Maree, 2018b;
Sternberg & Kaufman, 2018; Touron & Freeman, 2018; Yakavets, 2014), and the numbers in
my sample were not too small for statistical analysis.

Unfortunately, using the 5% sample did not solve the other disadvantage of sampling
that Grade 6 Mathematics marks were used as a proxy for giftedness and basic mathematical
skills. This is borne out by a study of the correlations between Grade 6 marks at the two schools,
and the sub-tests of the SOM pre-tests.

4.7.3 Correlation between Grade 6 marks and SOM pre-tests

Pearson correlation coefficients were calculated to examine the correlation between Grade 6
marks at the schools and the sub-test results on the SOM pre-test. The Pearson coefficient
measures the linear relationship between two variables (Pietersen & Maree, 2016a) and can be
used where both variables are continuous (Muijs, 2004), as was the case with Grade 6 tests and
the SOM pre-test scores. The Pearson correlation coefficient also represents the strength, or
effect size, of a relationship. A Pearson coefficient close to 1 indicates a strong positive
relationship between the variables, a coefficient close to -1 indicates a strong negative
relationship and a coefficient close to zero indicates a weak relationship between the two
variables.

As can be seen from Table 19, Grade 6 marks correlated weakly with the Problem-
Solving Behaviour pre-test at both schools. This was not surprising as true problem solving
such as found in the SA Mathematics Challenge is not routinely found in mathematics
textbooks in South Africa (Chirove & Mogari, 2014). However, it was problematic in that
Grade 6 marks were used as a proxy for giftedness when choosing the sample for my study. It
is possible that if | had used the pre-test score on the Problem-Solving Behaviour sub-test on
the SOM as a proxy for giftedness, or actual 1Q test results, I might have had different results.

This strategy is recommended for future studies on the topic.
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Table 19: Pearson correlation coefficients between Grade 6 marks and SOM pre-test

Pearson p Pearson p

correlation (r) N (2-tailed) correlation (r) N (2-tailed)
Intervention 5% sample
Study Attitude 0.12 27 0.54 0.24 12 0.45
Maths Anxiety 0.24 27 0.24 0.15 12 0.65
Study Habits -0.16 27 043 0.02 12 0.95
Problem-Solving Behaviour -0.20 27 0.33 0.06 12 0.85
Study Milieu 0.09 27  0.65 0.25 12 0.43
SOM total -0.02 27 094 0.19 12 0.55
Alternative intervention 5% sample
Study Attitude 0.19 40 0.24 0.21 14 0.46
Maths Anxiety 0.40* 40  0.01** 0.08 14 0.78
Study Habits -0.05 40 0.76 -0.11 14 0.71
Problem-Solving Behaviour -0.14 40 0.40 -0.34 14 0.24
Study Milieu 0.36* 40  0.02** 0.03 14 0.93
SOM total 0.17 40 0.29 -0.10 14 0.73

Note: *p significant at 5% level or less, **p significant at 1% level or less
*r>0.2 (small effect), **r>0.5 (medium effect), ***r>0.8 (large effect)

As can be seen from Table 19, there was no significant correlation between Grade 6 marks and
any of the sub-tests for the 5% sample. However, when looking at the larger group, there was
a correlation between grade 6 marks at the alternative intervention school and two sub-tests of
the SOM. For the alternative intervention group, the p-value for Grade 6 marks correlated to
Maths Anxiety was 0.01, and the p-value for Grade 6 marks correlated to Study Milieu was
0.02, and both sub-tests had a small effect size. This means that at School 2 (the alternative
intervention group), children with higher Grade 6 marks were less Maths anxious than children
with lower marks, but the same could not be said of the children at School 1 (the intervention
group). Similarly, at School 2 poor Grade 6 marks correlated with a poor study environment at
home, which is what one would expect, but at School 1, the correlation was not statistically
significant. This is in line with the finding that the distribution of grade 6 marks was not the

same across the two schools.
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4.7.4 Determining similarity of the sample groups prior to the intervention

Effect size is a way of measuring the strength of a relationship between two variables (Hoy &
Adams, 2016; Muijs, 2004). Statistical significance indicates whether an effect is likely to be
due to the intervention, or just due to chance, but effect size tells us the relative success of the
intervention and can be compared across studies (Muijs, 2004). Usually effect size is calculated
on statistically significant data, because even a large effect size could still be due to chance
(Pietersen & Maree, 2016b). However, it is sometimes useful to look at effect size where results
are not statistically significant, especially in the case of small samples (Muijs, 2004; Pietersen
& Maree, 2016b). I used Cohen’s d for the effect size, because it is well-known and easy to
compute (Muijs, 2011).

As mentioned earlier in this chapter, the Grade 6 marks of the two study groups were
found to be statistically different, both for the original sample and for the 5% sample. | looked
at the effect size, to see how large the difference was. As can be seen from Table 20, the effect
size when comparing the Grade 6 marks of the Intervention group with those of the Alternative
intervention group was 0.57, which is considered a medium effect size (Pietersen & Maree,
2016b). The effect size with the 5% sample was 1.41, which is large (Pietersen & Maree,
2016b).

Table 20 also shows that the 5% samples at the two schools were more different to each
other than the original samples at the two schools. In the original sample, most effect sizes
were minimal, with only Study Milieu showing a small effect size of 0.21. With the 5% sample,
Mathematics Anxiety had a medium effect size (0.52) and Study Milieu and overall Study
Orientation in Mathematics also showed a small effect size, as can be seen from Table 20.
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Table 20: Effect sizes of SOM pre-test results and Grade 6 marks between the intervention
group and alternative intervention group

Intervention  Alternative intervention Effect

mean (SD) mean (SD) size (d)
Full sample
Study Attitude 44.78 (7.88) 44.70 (7.29) 0.01
Maths Anxiety 38.48 (7.80) 39.53 (7.85) 0.13
Study Habits 47.85 (9.43) 47.53 (9.74) 0.03
Problem-Solving Behaviour 46.48 (12.70)  45.45 (10.66) 0.09
Study Milieu 38.74 (7.66)  37.13 (7.92) 0.21*
SOM total 216.33 (29.44) 214.33 (31.49) 0.07
Grade 6 marks 71.26 (10.97) 66.28 (6.46) 0.57**
5% sample
Study Attitude 46.50 (5.58) 46.57 (5.42) 0.01
Maths Anxiety 39.83 (6.38) 43.50 (7.72) 0.52**
Study Habits 47.50 (6.16) 48.50 (9.16) 0.13
Problem-Solving Behaviour 45.75 (10.75)  45.29 (10.93) 0.04
Study Milieu 39.00 (5.41) 41.29 (6.24) 0.39*
SOM total 218.58 (22.87) 225.14 (26.97) 0.26*
Grade 6 marks 81.17 (5.10) 73.50 (5.79) 1.41%**

Note: *d>0.2 (small effect), **d>0.5 (medium effect), ***d>0.8 (large effect)

Based on the smaller effect sizes for the pre-tests of the SOM and the grade marks, I
conclude that it would be better to look at the results from the full sample rather than the 5%

sample.

4.7.5 Mathematics Anxiety change after the intervention

Participants found the intervention questions considerably harder than the alternative
intervention questions, with only 21% of intervention questions answered correctly, compared
to 82% of the alternative intervention. Because of this, | explored Mathematics Anxiety on the
SOM post-test, to see if the SA Mathematics Challenge intervention increased Mathematics
Anxiety in participants. On the SOM, higher scores indicate a more positive Study Orientation
to Mathematics, so higher scores on the MA field indicate greater confidence, and lower scores
indicate more anxiety about Mathematics. As shown in Table 21, among the intervention group,

participants were slightly more anxious about Mathematics after the SA Mathematics
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Challenge intervention, but not significantly so. In contrast, learners were more confident in
their Mathematics ability after participation in the alternative intervention, but also not
significantly so. In both cases the effect size was negligible. From this, I can conclude that the
difference in difficulty of interventions did not increase Mathematics anxiety in the
intervention group.

Table 21: Paired t-test results showing differences between pre- and post-tests of the SOM
per group

Effect size

Pre-mean (SD) Post-mean (SD) t df p (d)

Intervention

Study Attitude 44.78 (7.88) 43.85 (7.88) -0.77 26  0.23 0.12
Maths Anxiety 38.48 (7.80) 38.00 (7.93) -0.25 26  0.40 0.06
Study Habits 47.85 (9.43) 46.85 (9.93) -0.73 26 024 0.10
Problem-Solving Behaviour 46.48 (12.70) 44.67 (11.28) -1.08 26 0.14 0.15
Study Milieu 38.74 (7.66) 38.14 (6.23) -047 26 0.32 0.08
SOM total 216.33 (29.44)  211.52(30.07) -1.12 26 0.14 0.16
Alternative intervention

Study Attitude 44.70 (7.29) 44.95 (6.68) 022 39 041 0.04
Maths Anxiety 39.53 (7.85) 40.92 (8.20) 1.09 39 014 0.17
Study Habits 47.53 (9.74) 50.25 (8.89) 208 39 0.02* 0.29*
Problem-Solving Behaviour 45.45 (10.66) 47.68 (10.15) 144 39 0.08 0.21*
Study Milieu 37.13 (7.92) 38.08 (7.51) 087 39 0.20 0.12
SOM total 21433 (31.49) 221.88(32.83) 1.70 39 0.05* 0.23*

Note: *p significant at the 5% level or less
*d>0.2 (small effect), **d>0.5 (medium effect), ***d>0.8 (large effect)

4.8  SYNOPSIS OF RESULTS

The main null hypotheses for my study were:

1. There is no significant difference between the pre-test and post-test mean scores for the

two groups.

2. There is no significant difference between the post-intervention scores of the two groups

(intervention and alternative intervention).
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The alternative hypothesis was that there is a significant difference in the post-test mean scores
of the intervention and alternative intervention groups. The null hypotheses were not rejected
in either of the instances. | will examine the possible reasons for these results when | discuss
my findings in Chapter 5.

49 SUMMARY OF CHAPTER 4

In Chapter 4, | analysed the quantitative data, looking at data reliability, then compared the
pre-test results of the two schools where | administered the intervention and the alternative
intervention, in terms of gender, age, home language, and Grade 6 Mathematics marks, and
lastly compared the SOM pre-test results of the two schools. Then | analysed the qualitative
data resulting from the focus groups that were held before each administration of the SOM. In
the Results section, | compared the pre- and post-test results of both schools. As part of my
discussion of the results, | examined possible reasons for no statistically significant
improvement in the intervention group’s problem-schooling skills, and examined the top 5%
of the grade at each school to check whether the definition of giftedness had been too broad.
The same statistical tests were done on the 5% sample as the larger group, and I discussed pre-
test equivalence of the two groups, definitions of giftedness, and correlations between the grade
6 Mathematics marks at the two schools and the sub-tests of the SOM. Lastly, | examined effect
sizes for some of the results and summarised the results.

In the following chapter, | relate my findings to the findings of others. In relating my
findings to current literature (evaluating the findings of other researchers), | focus on
objectively assessing and relating, first, the quantitative outcomes of my study and, second, the
qualitative findings by bearing in mind the following four questions:

(1) Do previous findings concur with the findings of my study?
(2) Which of the findings do not concur with previous findings?
(3) Are there findings in my study that have never been reported before?

(4) Did specific trends emerge from the findings of my study?
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CHAPTER 5 - DISCUSSION OF FINDINGS

Chapter 5: Overview

In this chapter, | start by discussing the purpose of research, and how new research fits into the
existing body of research. | then situate my own research findings within the existing body of
research, first considering the quantitative findings and then the qualitative findings. Lastly, |
consider my overall findings, situating them in the context of prior research into the education
of the gifted disadvantaged learner, both internationally and in South Africa in terms of

Mathematics education, problem solving, and Mathematics Olympiads.

5.1 WHAT IS RESEARCH?
5.1.1 Research as systematic enquiry

According to Mertens (2015, p. 50) research is a “process of systematic inquiry that is designed
to collect, analyse, interpret and use data ... to understand, describe, predict, or control an
educational or psychological phenomenon or to empower individuals”. This systematic
approach assists researchers in the pursuit of objectivity (Hoy & Adams, 2016). Journals that
publish scientific findings value this systematic approach (Editage Insights, 2013; Garg, Das,
& Jain, 2015; Public Library of Science, 2020).

5.1.2 The role of significance

What about significance? PLOS One lists its criteria for publication as “scientific validity,
strong methodology, and high ethical standards — not perceived significance” (Public Library
of Science, 2020, para. 2). The American Statistical Association’s ASA Statement on Statistical
Significance and P-values warns against misuse of the p-value (Wasserstein & Lazar, 2016, pp.
131-132) and lists the following six principles:

1. P-values can indicate how incompatible the data is with a specific statistical model.

2. P-values do not measure the probability that the studied hypothesis is true, or the
probability that the data was produced by random chance alone.

3. Scientific conclusions and business or policy decision should not be based only on whether
a p-value passes a specific threshold.

4. Proper inference requires full reporting and transparency.

5. A p-value, or statistical significance, does not measure the size of an effect or the

importance of a result.
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6. By itself, a p-value does not provide a good measure of evidence regarding a model or

hypothesis.

As the reader can see from the above principles, the ASA values the entire research process,
and encourages description of this process in papers, to show the nuances of research rather
than binary thinking that one side of the significance divide a finding is true, and on the other
side it is false. Similarly, studies of why journals reject articles for publications do not mention
significance as a criterion for acceptance (Celik, Gedik, Karaman, Demirel, & Goktas, 2014,
Editage Insights, 2013; Garg et al., 2015).

5.1.3 Whatis ‘good’ research?

Editage Insights (2013) mentions inadequate preparation, design flaws, poor writing, and a lack
of originality as reasons for rejection by journals. Garg et al. (2015) did a study of 1000
consecutive articles submitted to the Journal of Clinical and Diagnostic Research, of which
522 were rejected. The most frequent reason for rejection was “commonality” or lack of
originality, which accounted for 44.6% of rejections, followed by non-compliance (17.8%) and
plagiarism (11.1%). Celik et al. (2014) administered a questionnaire to 232 editors and referees
of Turkish education journals, and found that the most common mistake overall was
unoriginality, and the mistake most likely to result in rejection was the presence or suspicion
of ethical violations such as plagiarism or falsification. The section with the largest number of
mistakes, and consequently the greatest effect on rejection, was the discussion, conclusion, and
suggestions section. In this section, the most frequent mistake was “not discussing the topic
with reference to the relevant literature (parallel and opposing views) and/or the discussion is
not based on the research questions and findings” (Celik et al., 2014, p. 1850). This shows the
importance of situating a study within the research field as well as how it has grown the
understanding of the research community. To this end, throughout this chapter I will relate my

findings to other research, bearing in mind the following questions:

% Do previous findings concur with the findings of my study?
¢ Which of the findings do not concur with previous findings?
s Are there findings in my study that have never been reported before?

% Did specific trends emerge from the findings of my study?
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5.2 QUANTITATIVE FINDINGS

The quantitative data was generated by the pre- and post-tests using the Study Orientation in
Mathematics Questionnaire (SOM) (Maree et al., 2011), as well as by marking the answers of
the participants in both the SA Mathematics Challenge intervention and the alternative
intervention, which used worksheets from the workbook Mathematics in English: Grade 7
book 1 terms 1 & 2 (Department of Basic Education, 2018a).

5.2.1 The SOM

The SOM was designed to assess learners’ attitudes to Mathematics that could influence their
success in Mathematics. It was designed with various aims in mind, namely to be used as a
diagnostic test, to allow teachers to help learners to improve in Mathematics, to give study
guidelines, and for research in education (Maree et al., 2011). It acknowledges that ideally
learners will learn Mathematics through problem solving, and has a specific problem-solving
sub-test, which is why | chose it to assess problem solving before and after my intervention. It
has also been used in numerous studies on disadvantaged learners in South Africa (Jagals, 2013;
Maree, Pretorius, & Eiselen, 2003; Molepo, Owen, Ehlers, & Maree, 2005; Moodaley et al.,
2006).

5.2.2 SA Mathematics Challenge intervention

The intervention consisted of participants working through past papers of the SA Mathematics
Challenge for Grade 7 learners (South African Mathematics Foundation, 2018), based on
Govender’s (2014b) study of 14 pre-service teachers. The student teachers found the Olympiad
style questions difficult and only 28.6% of them would have qualified for the second round.
Given the poor performance of the average potential Mathematics teacher in their first attempt
at the Olympiad and their hugely improved scores after Govender’s intervention, I wanted to
explore whether mathematically-gifted Grade 7 learners in a disadvantaged school would be
able to teach themselves problem-solving skills by working through SA Mathematics

Challenge questions with minimal support.

5.2.2.1 Problem-solving behaviour

Learners at South African schools are generally poor at problem-solving behaviour. Long and
Wendt (2017) studied the top 24% of Grade 9 South African learners in the TIMSS and
compared them to similar samples in England and Australia. They found that although South

Africa’s mathematical high achievers were equivalent in many sections to the other countries,
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they lagged behind in problem solving. Similarly, Chirove and Mogari (2014) studied learners
at a school in Gauteng and found that 85.6% of learners performed poorly in a test of non-
routine mathematical problems. This is perhaps why the Department of Basic Education
Mathematics teaching and learning framework highlights problem solving as a desirable skill
and specifically mentions the SA Mathematics Challenge and the Mathematics Olympiad
(Department of Basic Education, 2018b).

Studies of problem solving in Mathematics vary in their approach on a continuum from
overtly teaching problem-solving strategies to pure experience of problem solving. On the overt
teaching end of the spectrum, Kima (2015) recommends teaching “various methods of
solutions and reasoning, as well as training in problem solving” as preparation for Mathematics
Olympiads. In contrast, Matheson (2012) studied a teacher who was implementing problem
solving in two high school classes. The learners worked in groups to solve problems, and
teaching was only done to consolidate concepts after learners had discovered them for
themselves. It was successful in changing the attitude of learners from waiting for input from
the teacher to taking responsibility for their own learning. Na, Han, Lee, and Song (2007) and
Chirinda (2013) combined experience of problem solving with self-reflection by learners,
similar to the categorisation used by Govender (2014b). In Chirinda’s study participants
improved in problem solving after the 10-week (45 hour) intervention. Yazgan (2015, p. 1807)
found that learners who use strategies such as “make a drawing, look for a pattern, guess and
check, make a systematic list, simplify the problem, and work backward” were more successful
in problem solving.

My study was on the experiential end of the spectrum, with no overt teaching of
strategies, and learners were not asked to formally categorise their problem-solving methods.
They received feedback in the form of the answer sheet, which not only gave the correct
answer, but also how it was reached, and when facilitating | would prompt learners to think if
they had come across similar problems in previous weeks. The results in the problem-solving
sub-test of the SOM showed a very slight decrease in problem-solving behaviour from the pre-
test to the post-test, with a negligible effect size. The participants also did not improve their
average marks from the first to the third session of the SA Mathematics Challenge past papers.
This is different to Govender’s result, where the in-service teachers improved their marks on
the SA Mathematics Challenge after his intervention (Govender, 2014b). The learners in my
SA Mathematics Challenge intervention completed on average 42 Olympiad style questions,

which was more than the 25 questions that the teachers were exposed to in Govender’s study,

Page 80

© University of Pretoria



&
i

ﬂ UNIVERSITEIT VAN PRETORIA
" UNIVERSITY OF PRETORIA
P ¥

UNIBESITHI YA PRETORIA

but they did not have to categorise the questions like the teachers did, and they had only
completed Grade 6, not first year university like the in-service teachers.

The results for the top 5% of the grade at the intervention school were similar to the
larger sample at that school. There was a slight decrease in problem-solving behaviour from
the pre- to the post-test, and once again a negligible effect size, so the greater selectivity of
sample did not make a difference to the results in terms of problem-solving skills. The pattern
of correct answers to the SA Mathematics Challenge questions was also similar to the larger
group, with most correct answers in the second session, although the percentage of correct
answers overall was slightly higher, 25% compared to 21% for the larger group. One factor
confounding analysis of the correct answers is that the SA Mathematics Challenge poses
multiple choice questions. Often learners did not show their reasoning. In the cases where they
did, I occasionally noticed faulty reasoning combined with a correct answer, which casts

aspersions on other correct answers given without reasoning.

5.2.2.2 Other sub-tests of the SOM

Although my study was centred on problem-solving skills, all sub-tests of the SOM were
administered, and the results analysed to see if any other aspects of study orientation in
Mathematics were affected by the interventions. Other studies have found a positive correlation
between each of the sub-tests of the SOM and success in Mathematics (Maree et al., 2003, 2011,
Moodaley et al., 2006).

i.  Study Attitude

The Study Attitude item on the SOM is designed to measure learners’ feelings and attitudes
towards Mathematics (Maree et al., 2011). As in the Problem-Solving Behaviour sub-test,
scores for the intervention group decreased slightly from a mean of 44.78 in the pre-test to
43.85 in the post-test, with a negligible effect size. The Study Attitude of the learners was still
high, with both the pre- and post-test mean of the group higher than the 80" percentile
compared to the Grade 8 and 9 learners in the norm group (Maree et al., 2011). Study Attitude
scores also decreased slightly for the 5% sample, from a mean of 46.50 in the pre-test to a mean
of 44.92 for the post-test, with a small effect size. My finding that the Grade 7 learners who
were above the 86™ percentile of their class by Mathematics achievement scored at the 80"
percentile in Study Attitude compared to Grade 8 and 9 learners can be considered to be in line
with the finding of Maree et al. (2011) that Study Attitude increases with age and the findings
that Study Attitude correlates positively with success in Mathematics (Maree et al., 2003, 2011,
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Moodaley et al., 2006). Additionally, the learners in my study who were in the top 5% of the
class scored higher in Study Attitude than those in the larger sample (top 14.1% of the class),
which is also in line with the finding that disadvantaged learners’ attitude to school correlates
positively with achievement at school (Palomar-Lever & Victorio-Estrada, 2017) and that
Study Attitude correlates positively with achievement in Mathematics (Maree et al., 2003, 2011;
Moodaley et al., 2006).

ii.  Mathematics Anxiety

According to Pajares (1996), people are more likely to persist with a task if they believe they
can succeed at it. Anxiety interferes with this self-belief. In the SOM, a high score in the
Mathematics Anxiety sub-test indicates a high confidence in Mathematical ability, or low
anxiety about Mathematics. The scores of the intervention group decreased slightly between
the pre- and post-test, indicating a slight increase in anxiety levels, with a negligible effect size.
The mean Mathematics Anxiety score for both the pre- and post-test was at the 60™ percentile,
which is quite low for learners who ranged from the 86" to 99" percentile in terms of
Mathematics achievement. The vast majority of the participants in both interventions were girls,
and the literature has shown that gifted girls to tend to underestimate their mathematical ability
(Pajares, 1996).

The results for the 5% sample were similar to the larger group, with the Mathematics
Anxiety score dropping from the pre- to the post-test, indicating a slight increase in anxiety.
The Mathematics Anxiety pre-test score of the 5% sample was slightly higher in the pre-test
than the larger group, and slightly lower than the larger group in the post-test, and the effect
size was small. Once again, the anxiety was more severe than would have been expected for
learners who were succeeding in Mathematics. The learners in the 5% sample were by
definition achieving in Mathematics at the 95" percentile or above in their grade, but their
confidence levels were around the 62" percentile in the pre-test and at the 55" percentile in the
post-test. This relatively high level of anxiety in high-performing students contradicts the
findings of Hart et al. (2016) and Lindskog, Winman, and Poom (2017), who found that
Mathematics anxiety is inversely related to success in Mathematics, but supports the findings
that educationally disadvantaged high school and university students in a rural area all

experienced Mathematics anxiety to some degree (Hlalele, 2012, 2019).
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iii.  Study Habits

Study habits have been correlated with academic success (Maree, 2015; Maree & Ebersohn,
2002; Moodaley et al., 2006; Sikhwari, 2016). Maree and Eberséhn (2002) describe an
interesting case of a high school learner in South Africa who was doing more subjects than
normal and obtaining A symbols in all but one subject, despite an 1Q of 84. Conversely, gifted
learners can underachieve, due to not learning study skills in earlier grades because up till then
the work has been easy for them (Gross & van Vliet, 2005; Hertzog, 2003).

The SA Mathematics Challenge intervention did not result in improved study habits for
the participants. Scores in Study Habits decreased slightly from the pre- to the post-test, with
a negligible effect size. For the 5% sample, there was also a small decrease, with a small effect
size. The test scores for Study Habits on the pre-test were just below the 75" percentile of the
norm group (Maree et al., 2011). This is lower than one would expect from groups selected by
achievement at the 86" and 95" percentile respectively, so would appear to contradict the
findings of Maree et al. (2011). However, the participants in my study were somewhat younger
than the norm group, and study habits increase with age (Maree et al., 2009). Taking the
younger age of the participants in my study into account, my findings could be said to agree
with the findings of Maree et al. (2011).

iv.  Study Milieu

Study Milieu refers to the learners’ environment. Maree et al. (2011, p. 12) mention “non-
stimulating learning and study environments”, language difficulties and not relating to the
social background depicted in word problems, and physical disability as potential Study Milieu
factors that could hinder children in their Mathematics achievement.

The participants in the SA Mathematics Challenge intervention attended a quintile 2
school, which means that the area from which the learners were drawn is at the 20" to 40"
percentile in terms of income in the country. The mean Study Milieu score for the study group
was at the 65" percentile compared to the norm group (Maree et al., 2011), which is higher
than the 20" to 40" percentile that one would expect taking into account the socio-economic
area that the school was situated. This contradicts the findings that poverty is directly related
to the standard of education (Nortje, 2017) and that there is a positive relationship between
both school resources and academic success (Lemmon, 2017; Letsoalo, Masha, & Maoto, 2019)
and family resources and academic success (Gaillard, 2019; Uleanya & Bunmi Omoniyi, 2019).
However, various factors have been shown to protect disadvantaged children from the poverty
trap, including being identified as gifted (Bolland, Besnoy, Tomek, & Bolland, 2019), good
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child rearing methods (Lipina, 2016), a positive relationship with a teacher and support from
family or the community (Williams, Bryan, Morrison, & Scott, 2017), a positive attitude to
school (Palomar-Lever & Victorio-Estrada, 2017), and having a goal on which to focus (Kotzé
& Niemann, 2013). The learners from my study had been identified as gifted by their selection
to the study, had above-average scores in Study Attitude, and may have had some of the other
protective factors despite the poverty of their community. Taking the protective factors into
account, my findings could be said to be in line with both the findings that there is a positive
relationship between school and home resources and academic success (Gaillard, 2019;
Lemmon, 2017; Letsoalo et al., 2019; Uleanya & Bunmi Omoniyi, 2019) and the findings on
protective factors mitigating the effects of poverty (Bolland et al., 2019; Palomar-Lever &
Victorio-Estrada, 2017).

I did not expect Study Milieu to change from the pre- to the post-test, and results for
the intervention group were in line with this expectation. There was a very slight decrease in
score for the larger group, and a very small increase for the 5% sample, both with negligible
effect size. The above-mentioned studies (Letsoalo et al., 2019; Uleanya & Bunmi Omoniyi,
2019) on study milieu examined differences in study milieu between groups of learners, rather
than changes in study milieu for individual learners, so | was unable to relate my findings in

regard to change in study milieu to their research.

5.2.2.3 Overall study orientation in Mathematics

Overall study orientation in Mathematics predicts success in Mathematics (Maree et al., 2011,
2009; Moodaley et al., 2006), Engineering (Maree et al., 2003), and Natural sciences (Maree,
2015). The SOM was specifically designed to have a “problem-centred approach to study
orientation” (Maree et al., 2011, p. 9), which fits with the aims of my study.

The SA Mathematics Challenge intervention did not improve overall study orientation
in the participants. There was a small decrease in Study Orientation from the pre- to the post-
test, with a small effect size, for both the larger group, and the 5% sample. The 5% sample had
a slightly higher mean score (218.58) compared to the larger group (216.33) on the pre-test,
but they had very similar scores on the post-test (211.92 for the 5% sample and 211.52 for the
larger sample). The above-mentioned studies on study orientation looked at the correlation
between study orientation and academic success, rather than improvement in study orientation
brought about by an intervention (Maree et al., 2003, 2011, 2009; Moodaley et al., 2006), so it

was not possible to relate my findings to the findings of these studies.
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5.2.3 Alternative intervention group

The alternative intervention was provided to fulfil the APA ethical requirement of justice,
which states that a study should be just in extension of services to participants (Elias & Theron,
2012). The alternative intervention consisted of worksheets from Mathematics in English Book
1: Grade 7 book 1 terms 1 & 2 (Department of Basic Education, 2018a), which are
straightforward mathematical questions, such as learners would have been exposed to in class,

rather than Olympiad type questions.

5.2.3.1 Problem-Solving Behaviour

Learners at South African schools perform poorly in Mathematics compared to other countries.
South Africa came 47" out of 48 countries in the TIMSS 2015 for Grade 4 learners, and 37"
out of 38 countries for Grade 8 learners, even though South Africa chose to assess Grade 5 and
Grade 9 learners due to syllabus alignment (Mullis, Martin, Foy, & Hooper, 2016).

Worksheets such as used in the alternative intervention have been categorised as “drill
and kill”, unsuited for gifted learners (Baldwin, 2006; Singer, Sheffield, Freiman, & Brandl,
2016; Treffinger & lsaksen, 2005). In contrast, Mhlolo (2014a, p. 1590), while a strong
advocate for Olympiad style problem solving for mathematically-gifted learners, warns against
dismissing practice worksheets, saying that “understanding of both procedural and conceptual
knowledge should be the ultimate goal and priority of all Mathematics learning as it refers to
an integrated and functional grasp of mathematical ideas”.

The methodology of the alternative intervention was essentially experiential like the
SA Mathematics Challenge intervention, in that | did not overtly teach the learners, just
provided worksheets, encouragement to keep trying, and (the following week) answers to the
worksheets. The one difference between the SA Mathematics Challenge intervention and the
alternative intervention was that the alternative intervention worksheets were routine questions
on topics from term 1 of Grade 7, so the participants had likely received overt instruction in
the concepts from their school Mathematics teachers. The results from the first two weeks of
the intervention were noticeably better than those from week 3. The mean percentage of correct
questions answered in the first week was 95%; in the second week it was 85%, and in the last
week 61%. It could be that the learners scored lower in the third week due to not having had
overt instruction in class on the last topic. However, if this were the case, the learners would
have been behind in the syllabus as it was the second last week of the term by the time they did
worksheet 6, and the workbook contains 16 revision worksheets and 29 worksheets for term 1.

This method of working with peers without a teacher was favoured by some of the gifted
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learners in a study by Diezmann and Watters (2002), although with more challenging questions
than contained in the alternative intervention worksheets.

Problem-solving behaviour improved slightly from the pre- to the post-test for both the
full alternative intervention group and the 5% sample, with a small effect size for the larger
group and a negligible effect size for the 5% sample. This slight improvement in skills in a
three hour intervention correlates positively with the findings by Reder, Gauly, and Lechner
(2020), Wang et al. (2017), and Gladwell (2008), who found that practice improves skills, but
practice needs to be long term to have a significant effect.

5.2.3.2 Other sub-tests of the SOM
i. Study Attitude

Study Attitude for the alternative intervention group was almost unchanged from the pre- to
the post-test, with a mean of 44.70 on the pre-test and 44.95 on the post-test for the larger group,
and a mean of 46.57 on the pre-test and 46.50 on the post-test for the 5% sample, with a
negligible effect size in both cases. The pre-test scores were very similar to those of the
intervention group, with a high Study Attitude compared to the norm group (Maree et al., 2011).
My findings of high Study Attitude scores in learners in the top 14.7% of the Grade, and even
higher scores for those in the top 5% of the Grade is in line with other research, which correlate
academic success positively with Study Attitude (Goodman et al., 2011; Heuser & Wang, 2017,
Maree et al., 2003, 2011; Moodaley et al., 2006; Palomar-Lever & Victorio-Estrada, 2017).

ii. Mathematics Anxiety

The literature shows a variety of origins for Mathematics anxiety. These include the influence
of adults who have Mathematics anxiety (Maloney, Ramirez, Gunderson, Levine, & Beilock,
2015), lower skills in Mathematics (Maree et al., 2011; Ramirez, Shaw, & Maloney, 2018),
gender stereotypes (Luttenberger, Wimmer, & Paechter, 2018; Ramirez et al., 2018) and
teaching method in the Mathematics classroom (Newstead, 1998).

The mean score on the Mathematics Anxiety sub-test of the SOM increased (i.e.
indicating an improvement in confidence in Mathematics) slightly from 39.53 in the pre-test to
40.92 in the post-test for the alternative intervention participants, with a negligible effect size.
This finding contrasts the finding by Newstead (1998) that discovery teaching methods result
in higher levels of Mathematics confidence. The worksheet content is traditional, and although

the way that it was presented to the learners with minimal input from a teacher could be
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described as experiential, it was less experiential than the SA Mathematics Challenge
intervention, as most learners chose to work alone.

For the 5% sample, the score decreased from 43.50 to 43.14, with a negligible effect
size. The levels of confidence in mathematics were relatively low for the top 14.7% and top 5%
of the grade. Even after the intervention, the mean score of the larger group was at the 65"
percentile of the norm (Maree et al., 2011), and the smaller group at the 82" percentile. This
finding that even high-achieving learners in a poverty setting exhibit Mathematics anxiety
concurs with the finding by Hlalele (2019) that rural university access program students all
exhibited Mathematics anxiety in an academic setting. Although the students in Hlalele’s study
were rural, and mine urban, both groups were disadvantaged and the top cohort of their grade,
as only the most successful learners even get into university from disadvantaged schools in
South Africa (Van der Berg, 2015).

iii. Study Habits

It is important for gifted learners to develop good study habits as they have been linked to
academic success (Maree, 2015; Maree & Ebersohn, 2002; Moodaley et al., 2006;
Onoshakpokaiye E, 2015; Sikhwari, 2016). There was a statistically significant improvement
in the Study Habits scores from the pre- to the post-test for the alternative intervention
participants, with a small effect size. There was also an increase in the Study Habits score for
the 5% sample, although it was not statistically significant, with a small effect size. The
mentioned studies (Maree, 2015; Maree & Ebersohn, 2002; Moodaley et al., 2006;
Onoshakpokaiye E, 2015; Sikhwari, 2016) try to show that better study habits result in success,
and | was not able to find other studies that showed that mathematical practice of routine
worksheets improved study habits, but it could possibly be part of the reason why practising
mathematical skills in a structured way improves academic success, as has been shown by the
Kumon method (Usmadi, Agita, & Ergusni, 2020). The other reason would be practising a

particular algorithm to develop automaticity (Department of Basic Education, 2018b).
iv. Study Milieu

Like the participants in the SA Mathematics Challenge intervention, the participants in the
alternative intervention were from a quintile 2 school, i.e. the 20" to 40™" percentile in terms of
income in the country. The Study Milieu pre-test score for the alternative intervention group
was only at the 60" percentile of the norm group, and the 5% sample was somewhat higher, at
the 75" percentile. This finding that the Study Milieu score was higher for higher achieving
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learners is in line with findings that Study Milieu relates directly to academic achievement
(Gaillard, 2019; Lemmon, 2017; Letsoalo et al., 2019; Lipina, 2016; Serrano Corkin, Coleman,
& Ekmekci, 2019; Uleanya & Bunmi Omoniyi, 2019) and to achievement in Mathematics in
particular (Maree & Erasmus, 2006; Maree et al., 2011).

| did not expect Study Milieu to change from the pre- to the post-test, and results for
the 5% group were in line with this expectation. There was a slight increase in score for the

larger group, both with negligible effect size.

5.2.3.3 Overall study orientation in Mathematics

The alternative intervention resulted in a statistically significant improvement in overall study
orientation, from 214.33 to 221.88, with a small effect size. The improvement in the 5% sample
was smaller (225.14 to 229.21) with a negligible effect size, though starting from a higher base.
The means of both groups were a little lower than the norms of the original norm group (Maree
etal., 2011), with the top 14.7% scoring just below the 80™" percentile on the pre-test and at the
85" percentile on the post-test, and the top 5% mean scores for the pre- and post-test both being
between the 85" and 90" percentile. As | said in the section about overall study orientation for
the SA Mathematics Challenge intervention, the available studies on study orientation did not
investigate improvement in study orientation brought about by an intervention, but my findings
did concur with the prior findings that a positive study orientation in Mathematics is correlated
with academic achievement (Goodman et al., 2011; Maree et al., 2003, 2011, 2009; Moodaley
et al., 2006; Palomar-Lever & Victorio-Estrada, 2017).

5.3 QUALITATIVE FINDINGS

5.3.1 Experience of the SOM

5.3.1.1 Newness of the experience

The SOM was a new experience for both the intervention group and the alternative intervention
group, and the participants found it hard to express their feelings about it. Participants would
have been exposed to mass testing in the form of school tests and exams, and the Annual
National Assessment (ANA), but had never experienced anything similar to the SOM. Other
studies that use the SOM (Erasmus, 2014; Festus & Seraphina, 2015; Jagals, 2013; Kotze, 2006;
Maree & Erasmus, 2006; Maree et al., 2003; Moodaley et al., 2006; van Schalkwyk, 2014) did
not report the participants’ experience of taking the SOM, so these findings are new.
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5.3.1.2 Language

The SOM was administered in English, which was the language of teaching and learning at
both schools, and not the exclusive home language of any of the participants (the only
participants who listed English as a home language also listed at least one African language in
addition to English). The participants were split on whether it was better to do the test in English
or their home language: at the intervention school only one participant wanted to do the SOM
in another language, but at the alternative intervention school there were many suggestions of
alternative languages. Even though SOM norms for Grade 8 and 9 learners can be used for
Grade 7 learners (Maree et al., 2011), many words used in the SOM were unfamiliar to the
participants. The words that the participants found difficult were largely the same at both
schools. This difficulty with doing the assessment in English was considered by the authors of
the SOM, who gave norms for learners doing the test in a second language (Maree et al., 2011).
This finding is also in line with the later development of a primary school version of the SOM,
the Study Orientation Questionnaire in Maths (Primary) (Maree, van der Walt, & Ellis, 2020)
for learners in Grades 4 to 7, with simplified vocabulary and the option of an isiZulu
questionnaire (Maree et al., 2009) and the development of a study orientation questionnaire for
Setswana-speaking learners in Grades 3 to 5, in English, but normed on learners with a home
language of Setswana and educated through the medium of English (Maree & Erasmus, 2006).
The finding that it is difficult as a second-language learner to do Mathematics and be assessed
in English is also in line with other more general research in Mathematics education (Erasmus,
2014; Mochesela, 2007; Pillay, 2010; Sepeng, 2013).

5.3.1.3 Popular and unpopular questions

The most popular questions for participants in the SOM were the positively phrased ones,
particularly from the Study Attitude and Study Habits items of the SOM. The most unpopular
question was a negatively phrased question from the Study Habits item “I postpone my
Mathematics homework”. Other disliked questions were Study Milieu and Mathematics
Anxiety items to which the participants in the focus group did not relate. This finding may have
been skewed by my selection for the focus groups, which started with me choosing two learners
from the top, middle, and bottom of the group by marks, but | ended up allowing other learners
who wanted to participate to join the groups. As no other studies have reported on the

experience of writing the SOM, these findings are new.
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5.3.2 Experience of the SA Mathematics Challenge
5.3.2.1 Newness of the experience

The participants in the intervention had never seen the SA Mathematics Challenge before,
despite entry to the SA Mathematics Challenge being free for the first 100 learners from no-
fee schools (South African Mathematics Foundation, 2020b), and past papers being available
on the internet (South African Mathematics Foundation, 2018). This lack of participation in
Mathematics Olympiads is in line with statistics on participation in the SA Mathematics
Challenge. In 2015 there were 3 852 957 senior primary learners in South Africa (South African
Market Insights, 2020), and only 110 000 of them (South African Mathematics Foundation,
2020b), or 3%, participated in the SA Mathematics Challenge. The participation percentage is
likely to be lower today, as approximately 80 000 learners participated in the 2019 SA
Mathematics Challenge (South African Mathematics Foundation, 2020b). Govender’s (2014a)
study of why learners participate in Mathematics Olympiads showed that successful
participants in Olympiads attended schools that had a long tradition of participating in multiple
Mathematics Olympiads, and learners generally started participating in Grade 3 or 4. My
finding that the SA Mathematics Challenge was new to learners in the disadvantaged schools
where my intervention took place concurs with the experience of Govender (20144, p. 2), who
observed that “learners who are successful in these competitions are usually from the more
affluent or advantaged schools” and with the findings from Govender’s (2014b) study on pre-
service Mathematics teachers, where only one out of the 14 student teachers in the study had
participated in a Mathematics Olympiad as a learner. The Zenex Foundation (2020) has called
for more research into the learners and schools that participate in the SA Mathematics

Challenge.

5.3.2.2 Difficulty level

The participants in the SA Mathematics Challenge intervention found the Olympiad-style
questions difficult. Unlike the alternative intervention group, the SA Mathematics Challenge
participants emphasised the newness of the experience, and balanced the effort involved against
the enjoyment with phrases such as “so challenging but also so nice” and contrasting the sums
to “normal maths”. These statements correlate positively with the experience of the in-service
teachers in Govender’s (2014b, p. 7) study, who also described the Grade 7 SA Mathematics
Challenge first round paper as “challenging” and “difficult” to do, even as trainee Mathematics

teachers. These observations are also in line with the research by Mochesela (2007) who used
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a problem-based approach with Grade 9 learners in a South African township school. She found
that learners often guessed answers because they did not understand the question, and 91.1%
of learners needed to be shown a method before knowing how to approach a problem. I did not
have questions about language in the focus group after the intervention, which might have been

illuminating, given the answers about language in the first focus group.

5.3.3 Experience of the alternative intervention
5.3.3.1 Newness of the experience

The alternative intervention was not intended to be a new Mathematics experience for the
participants. The qualitative results showed that the learners found the sums they did familiar,
with learners agreeing that they had seen problems like the ones they did in the worksheets
before. The answers to the questions about whether they liked the sums were also different to
the intervention group, who emphasised how different the sums were, and that they were
challenging. In contrast, the alternative intervention group just said that the sums were “fine”
and “easy” and “help us with other Maths”, recognising that they were practice of methods
they had learnt in class. The familiarity with the type of sum in the alternative intervention
worksheets correlates positively with findings that South African schools generally use routine
problems rather than problem solving in their classrooms (Chirove & Mogari, 2014,
Engelbrecht & Mwambakana, 2016; Mochesela, 2007), despite guidance from the Department
of Basic Education that “All learners, not only gifted learners, need to develop the thinking
skills needed to solve non-standard problems” (Department of Basic Education, 2018b, p. 18).
This finding that routine problems are more familiar to learners than problem-solving questions

also correlates positively with international findings (Schoevers & Kroesbergen, 2017).

5.3.3.2 Difficulty level

In contrast to the SA Mathematics Challenge intervention, the participants in the alternative
intervention did not find the worksheets difficult. The learners used the word “easy” to describe
the sums in both question 2 “What did you think of the sums we did?” and question 3 “How
do feel about the level of difficulty (or easiness) of the sums?” and unlike in the SA
Mathematics Challenge intervention focus group, the learners made no mention of effort or
challenge. This finding that the alternative intervention worksheets were easy for the
participants contrasts with findings on how South African learners in general struggle with
Mathematics (Modisaotsile, 2012; Mullis et al., 2016), but correlates with the participants’

success in class Mathematics, as evidenced by their selection for the study, which was on the
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basis of their Grade 6 Mathematics marks. A possible explanation for the difference can be
found in the gap between internal school assessments at disadvantaged schools in South Africa
and external assessments such as the Annual National Assessment (ANA), TIMSS, and
Southern Africa Consortium for Measuring Education Quality (SACMEQ) (Chetty, 2016).

5.4 INTEGRATION OF QUANTITATIVE AND QUALITATIVE FINDINGS

5.4.1 Success in traditional Mathematics

The participants in my study were chosen by their Mathematics marks at the end of Grade 6.
Mathematics is generally taught procedurally in South African schools (Engelbrecht &
Mwambakana, 2016), because teachers are unfamiliar with problem solving themselves
(Govender, 2014b) and generally have a poor level of Mathematics understanding (Venkat &
Spaull, 2015). The quantitative part of my study found a positive relationship between success
in traditional Mathematics (as defined by Mathematics marks) and Study Attitude, Study
Habits, and overall Study Orientation, which are in line with research on these aspects of study
orientation (Heuser & Wang, 2017; Maree, 2015; Maree & Eberséhn, 2002; Maree et al., 2003,
2011; Moodaley et al., 2006; Onoshakpokaiye E, 2015; Palomar-Lever & Victorio-Estrada,
2017; Sikhwari, 2016). The qualitative part of the study supported the quantitative findings,
with the most liked questions from the SOM being the positively-phrased questions from the
Study Attitude, and Study Habits items of the SOM.

5.4.2 The influence of poverty

By selection, the participants in my study can be considered to be disadvantaged, by their
attendance at quintile 2 schools, where parents are not required to pay school fees due to the
poverty of the surrounding area. My study found that the participants in the study were less
disadvantaged by the poverty of their surroundings than would be expected, scoring at the 65™
percentile in Study Milieu when their school was in a quintile 2 (20" to 40™ percentile) area in
terms of socio-economic status (SES). These Study Milieu scores contradict studies that show
a positive relationship between study milieu and success in Mathematics (Gaillard, 2019;
Lemmon, 2017; Letsoalo et al., 2019; Serrano Corkin et al., 2019; Uleanya & Bunmi Omoniyi,
2019; Van der Berg, 2015). However, these results are in line with studies that certain factors
protect against poverty, including being identified as gifted (Bolland et al., 2019), study attitude
(Palomar-Lever & Victorio-Estrada, 2017) and study habits (Kotzé & Niemann, 2013;
Williams et al., 2017).
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The interaction between disadvantage and success in Mathematics was also evident in
the Mathematics anxiety findings from my study. Studies have found that Mathematics anxiety
is negatively correlated with success in Mathematics (Maree et al., 2011), but the participants
in my study, who were chosen for their success in Mathematics, still presented with high
Mathematics anxiety. This finding of Mathematics anxiety in high-achieving disadvantaged
learners correlates positively with the study by Hlalele (Hlalele, 2012, 2019) who found that

Mathematics anxiety is high for disadvantaged learners, even gifted ones.

5.4.3 Problem solving

Both the quantitative and qualitative findings from my study showed that Olympiad type
questions were unfamiliar to the participants, and that the SA Mathematics Challenge
intervention was more difficult for the participants than the alternative intervention. The
finding that the SA Mathematics Challenge was new to the participants in my study was in line
with other research into problem solving in South Africa (Engelbrecht & Mwambakana, 2016;
Govender, 2014a; Mochesela, 2007) and abroad (Schoevers & Kroesbergen, 2017), and can be
linked to findings that teachers in South Africa are themselves unfamiliar with problem solving
and Olympiad type questions (Govender, 2014b). The 21% average score for the problem-
solving questions in the SA Mathematics Challenge intervention compared to the 82% average
score for the routine problems in the alternative intervention showed exactly how unfamiliar
and difficult the participants found the SA Mathematics Challenge intervention, despite the
participants’ past success in traditional school Mathematics. The qualitative findings
emphasised the newness and difficulty of the SA Mathematics Challenge questions for the
participants, and were in line with previous findings that even high-achieving South African
learners find problem-solving questions difficult (Chirove & Mogari, 2014; Long & Wendt,
2017).

The qualitative findings on the SOM showed that the participants in my study had
difficulty with English. Difficulties with problem solving can be exacerbated by language
difficulties (Mochesela, 2007; Sepeng, 2013; Sepeng & Webb, 2012; Tambychik & Meerah,
2010) so it would be worth investigating this angle of difficulty with problem solving in future

studies.
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5.5 SUMMARY OF CHAPTER 5

In this chapter, | started by discussing what research is, the role of significance and whether it
IS necessary, and what determines quality in research. | then discussed my quantitative findings
and how they relate to the findings of others, and my qualitative findings and how they relate
to other research. Lastly, | integrated my quantitative and qualitative findings, also placing
them in the context of other research. In my final chapter, | will take these findings and assess
them in the light of my research questions, draw conclusions and make recommendations for

future research.
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CHAPTER 6 — FINDINGS AND CONCLUSION

Chapter 6: Overview

| start this chapter with a summary of the previous chapters of this dissertation. Then I return
to the research questions, to answer them. Then | cover the strengths and limitations of the
study, pay attention to ethical considerations and finally end with recommendations for further

research.

6.1 SUMMARY OF CHAPTERS
6.1.1 Chapter 1: Introduction

| started Chapter 1 by explaining the rationale behind my study. | chose to study gifted
disadvantaged learners because they are South Africa’s future leaders, scientists and
researchers, and I chose to investigate problem-solving skills because they are important skills
that are valued in the workplace, and require overt instruction, even for the gifted. I chose to
use the SA Mathematics Challenge due to my personal experience with teaching gifted children
Mathematics.

In the rest of the Chapter | covered some common definitions used in my study, briefly
outlined my conceptual framework, paradigmatic perspective, research methodology and

touched on ethical considerations before summarising the coming chapters.

6.1.2 Chapter 2: Literature study and conceptual framework

Chapter 2 was a detailed literature study. | started with worldwide definitions of giftedness,
examining four debates in the field: one unitary gifted factor or g versus multiple intelligences;
aptitude vs. achievement; nature vs. nurture; and lastly, which is relevant in Africa, community
vs. the individual. Ithen examined identification of the gifted in South Africa, which is fraught
with difficulties due to South Africa being a multilingual and multicultural country, and a
paucity of tests in many home languages, as well as differences between the urban and rural
experience.

| then described my own UPPS conceptual framework, based on a unitary concept of
intelligence, based on CHC theory (Beaujean, 2015; Benson et al., 2018; Gross, 2006; Keith &
Reynolds, 2010; Lubinski, 2016; McGrew, 2009; Warne, 2016), but based on potential to grow
and learn rather than achievement, which is important when studying disadvantaged children.

The third aspect is precocity (Piirto, 2004), which gives a simple practical framework for
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teachers to approach gifted learners, by treating them as if they were older children, but it is
balanced with a socio-emotional component, which takes into account the emotional response
to the world of gifted children, as detailed by Dabrowski (Daniels & Piechowski, 2009).

| examined the opportunities available to mathematically-gifted learners in South
Africa, in terms of specialised schools, after-school programmes, scholarships, and online
programmes, before looking at problem-solving mathematical programmes, and the SA
Mathematics Challenge in particular. Lastly, I looked at how to assess problem-solving skills
in South African children, and the Study Orientation in Mathematics Questionnaire (SOM)

(Maree et al., 2011), which I chose to use for my pre- and post-testing.

6.1.3 Chapter 3: Research methodology

Chapter 3 placed my study in the context of my own epistemology, and then detailed the
research methodology used in the study. My paradigm for the study was critical realism with
pragmatism. My research methodology was QUAN-> Qual, as my study used a quasi-
experimental design with pre- and post-tests of the SOM, but I also held focus groups after each
administration of the SOM, to examine the participants’ experience of the SOM and the study.

| also explained my sampling method, how I selected the two quintile 2 schools in the
same township, and chose learners within those schools by their Grade 6 Mathematics marks
as a proxy for giftedness. | then described both the intervention and the alternative intervention
in detail, and showed why the SOM was a good instrument for assessing the participants. Lastly,
| explained how | had taken the APA general ethical principles into consideration in my study

design.

6.1.4 Chapter 4: Data analysis and results

Chapter 4 started with examining the internal reliability of the SOM as an instrument, before
assessing the quantitative data. | started with a demographic comparison of the two schools
where my study took place, as well as comparing the two schools in terms of Grade 6
Mathematics marks and pre-tests of the SOM. They were equivalent in terms of demographics
and the SOM pre-tests, but there was a statistically significant difference between the two
schools in terms of Grade 6 marks.

Secondly, | studied the qualitative data. The focus groups after the first administration
of the SOM showed similar results in both schools, but after the interventions the answers were
subtly different, with both groups giving positive answers, but the intervention group
acknowledging the effort involved in the intervention.
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The results of the pre- and post-tests of the Problem-Solving Behaviour sub-tests of the
SOM were not significant for either the intervention or the alternative group. In my discussion,
| conjectured that this could have been because my selection of participants was rather broad
for a gifted study, so I redid the statistical analysis on a sample of the top 5% of each school,
though still chosen by Grade 6 Mathematics marks. The 5% sample also did not have an
improvement in the pre- and post-test for either the intervention or the alternative intervention
group. | reverted to the larger sample for the rest of my analysis, because the difference between
the Grade 6 marks at the two schools was more marked with the 5% sample and there was less

correlation between grade 6 marks and pre-tests of the SOM than with the larger group.

6.1.5 Chapter 5: Discussion of findings

Chapter 5 started with a discussion of what constitutes good research, and how the research
process is more important than significant results. | then discussed the quantitative findings
from my study, exploring the results for the intervention group and the alternative intervention
group separately, examining the results in the various sub-tests of the SOM before and after the
interventions. In each case | noted where findings concurred with previous research, where
findings differed from previous research, and where my findings were new. Next, | discussed
the qualitative findings, recounting the participants’ experience of the SOM, and the experience
of the two interventions. Once again, | compared my findings to those of previous researchers,
noting where my findings concurred with previous findings, differed from previous findings,

and were entirely new.
6.2 ANSWERING THE RESEARCH QUESTIONS

The primary research question was “How valuable is participation in the SA Mathematics
Challenge for developing problem-solving skills in mathematically-gifted disadvantaged
learners?” 1 will first examine the secondary research questions before answering the main

research question.

6.2.1 What are the essential aspects of current (group-based) programmes aimed at
enhancing the problem-solving skills of mathematically-gifted learners in

disadvantaged schools

The opportunities available for mathematically-gifted learners in disadvantaged areas of South
Africa are limited. Table 1 in Chapter 2 details the options, such as entrance to Dinaledi, Maths

and Science Focus Schools, and Schools of Specialisation to learners who live near to such
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schools; no-fee or low-fee private schools such as LEAP Schools and Oprah Winfrey
Leadership Academy and African School for Excellence; and mentorship programmes such as
the Wits TTP Extension programme. Mathematics competitions such the SA Mathematics
Challenge, SAMF Mathematics Olympiad, and various university-run mathematics
competitions are open to poor schools for free (South African Mathematics Foundation, 2020b;
University of Cape Town, 2019; University of Pretoria, 2019; University of Witwatersrand,
2019b), but if you look at the learners who qualified for the third round of the SA Mathematics
Challenge, they were nearly all from fee-paying schools (South African Mathematics
Foundation, 2019). Lastly, there are two free Olympiad training programmes, provided by
SAMF, the Siyangoba regional training for high school learners, and the online SAMF
Olympiad training for Grades 7-12 (South African Mathematics Foundation, 2020a).

6.2.2 What is the impact of three hour-long facilitated sessions doing SA Mathematics
Challenge past papers on mathematically-gifted disadvantaged learners’ study

orientation in mathematics in general?

The participants in both the SA Mathematics Challenge intervention and the alternative
intervention groups started the study with a high level of study orientation in Mathematics,
showing a positive relationship between success in traditional Mathematics (which was the
selection criterion for the study) and Study Attitude, Study Habits and overall Study
Orientation. The qualitative findings supported the quantitative findings, with the most liked
questions from the SOM being the positively-phrased questions from the Study Attitude and
Study Habits items of the SOM, and both were in line with findings on the positive relationship
between academic success and Study Attitude, Study Habits and overall Study Orientation
(Heuser & Wang, 2017; Maree, 2015; Maree & Ebersohn, 2002; Maree et al., 2003, 2011;
Moodaley et al., 2006; Onoshakpokaiye E, 2015; Palomar-Lever & Victorio-Estrada, 2017,
Sikhwari, 2016).

The interaction between disadvantage and success in Mathematics on Study Orientation
was evident in the Study Milieu and Mathematics Anxiety scores on the SOM. The participants
in my study scored higher in Social Milieu than their surroundings predicted, and they were
more anxious about Mathematics than one would expect for participants chosen for their
success in Mathematics, which supports the findings of Hlalele (Hlalele, 2012, 2019) that even
high-achieving disadvantaged learners have high Mathematics anxiety.

The SA Mathematics Challenge intervention resulted in a small decrease in overall

Study Orientation from the pre- to the post-test, with a small effect size. This contrasted with
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the statistically significant improvement in Study Orientation, with a small effect size, for the
alternative intervention group. The key to this difference could lie in the relative familiarity
and difficulty of the two interventions, as evidenced by the average percentage of correct
answers in the two interventions (21% for the intervention versus 82% for the alternative
intervention), as well as the qualitative findings. The qualitative findings revealed how the
participants in the SA Mathematics Challenge intervention had never experienced anything
like that before, and although they were positive about learning something new, they also used
words indicating the effort involved. In contrast, the participants in the alternative intervention
saw it as practice of similar sums to those they had learnt in class. This practice led to a
statistically significant improvement in Study Habits for the alternative intervention group,

which did not happen for the SA Mathematics Challenge participants.

6.2.3 What is the impact of three hour-long facilitated sessions doing SA Mathematics
Challenge past papers on mathematically-gifted disadvantaged learners’

problem-solving skills in particular?

Previous studies show that South African learners are generally unfamiliar with problem-
solving questions (Govender, 2014a, 2014b) and consequently poor at problem solving
(Chirove & Mogari, 2014; Long & Wendt, 2017). The qualitative findings for the SA
Mathematics Challenge intervention were in line with previous findings, highlighting the
unfamiliarity of problem-solving type questions to the participants. Both the SA Mathematics
Challenge and the alternative intervention groups scored above the 80" percentile for problem
solving compared to the norm group (Maree et al., 2011) on the pre-test of the SOM, but this
is below the level that might be expected for learners in the top 14% or top 5% of the grade.
There was a slight decrease in Problem-Solving Behaviour from the pre-test to the post-
test for the SA Mathematics Challenge group, with a negligible effect size, compared to a slight
increase in Problem-Solving Behaviour with a small effect size for the alternative intervention
groups. The participants in both interventions experienced difficulty with the English language
in the administration of the SOM, so it is possible that the SA Mathematics Challenge group
also experienced language difficulties with the SA Mathematics Challenge intervention, where

the questions were more language-heavy than the alternative intervention.
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6.2.4 Main research question: how valuable is participation in the SA Mathematics
Challenge for developing problem-solving skills in mathematically-gifted

disadvantaged learners?

The quantitative data analysis showed that the SA Mathematics Challenge intervention did not
result in an improvement to problem-solving behaviour in participants. The qualitative findings
showed that the participants found the SA Mathematics Challenge problem-solving questions
unfamiliar and difficult. I will go into the possible reasons for these results when discussing

the limitations of the study.

6.3 STRENGTHS OF THE STUDY
6.3.1 Selection of schools

Choosing two schools matched by size and quintile in the same township resulted in schools
that were well matched in terms of demographics (gender, age, home language) as well as in

results on the pre-tests of the SOM.

6.3.2 Instrument for assessment

The SOM, used for assessment of problem-solving skills was designed for Grade 7-12 learners
from South Africa, and was normed on disadvantaged learners, and learners writing the English
version of the test in their home language. It is a valid and reliable scientific instrument, which
can be administered not only by psychometrists, but also by Mathematics teachers. It has also
been used in a number of studies in South Africa (Jagals, 2013; Molepo et al., 2005; Moodaley
et al., 2006).

6.3.3 Focus groups

The study was mainly a quantitative study, but the qualitative part of the study gave useful
insight into some of the quantitative results, such as the relative familiarity and difficulty of the

interventions.
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6.4 LIMITATIONS OF THE STUDY
There were various limitations to the study, which could have affected the results.

6.4.1 Sample size and area

Although the sample size was sufficient for statistical purposes, the sample size was not large
(27 learners at the intervention school and 40 learners at the alternative intervention completed
the study), and the two schools chosen were from the same township in Gauteng, so results

cannot be generalised beyond the area where the study took place.

6.4.2 Selection by Grade 6 marks

Due to the difficulties of using 1Q tests to assess disadvantaged learners and practical
considerations of time, expense, and personnel, | chose not to use an IQ test to assess the
learners for giftedness, and decided to use Grade 6 marks for selection. In conjunction with
this, also for practical reasons, | did the intervention at one school and the alternative
intervention at the other school, which meant that I could not randomly assign the learners to
the intervention or alternative intervention group. School marks at the end of Grade 6 should
be equivalent from one school to another, but there is no guarantee, as in-school assessments
are not standardised across schools at this educational stage. In the case of these two schools,
the marks were notably different. Secondly, Grade 6 marks did not correlate with the SOM pre-
test results, with the marks from the intervention group more different to the SOM pre-tests
than the marks from the alternative intervention group. This means that the SOM pre-test for
problem-solving behaviour, which was the main item being assessed, did not correlate with the
criterion for selection. 1 was not able to remedy this situation at the data collection stage by
analysing the top 5% by results in the Problem-solving behaviour sub-test of the SOM as I did
not administer the SOM to the entire grade at each school, only to those selected by grade 6

marks.

6.4.3 Length of study and lack of overt teaching

I chose to have five sessions for my study, as that would allow me to arrange with the schools
and complete the study in the same term. | was concerned that if | made the study too long, the
schools might not want to have the study at their school, or there might be significant attrition
from the groups. Because the administration of the SOM took two sessions, this left only three

hour-long sessions for the intervention, which was very limited in terms of practising a new
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skill. In contrast, the Maths Olympiad course | ran for gifted learners mentioned in Chapter 1
ran for 10 sessions, most of which ran for much longer than an hour.

Secondly, because | wanted the study to be replicable by teachers with limited skills in
Mathematics Olympiad type questions, such as evidenced by Govender’s study of trainee
teachers (Govender, 2014b), | chose to not teach problem-solving skills to the participants, but
just encouraged them to keep trying, and explained the answers to the previous week’s
questions on the board at the start of the next session, using the answer sheets provided by the
SAMF (South African Mathematics Foundation, 2018). Actual overt skills building such as
offered by the Siyangoba regional training for high school learners or the online SAMF
Olympiad training for Grades 7-12 (South African Mathematics Foundation, 2020a), in

conjunction with practice of past papers, might have resulted in better skills acquisition.

6.4.4 Relative difficulty of interventions

The intervention and the alternative intervention were not equivalent in terms of difficulty.
Participants in the intervention only got 21% of their answers correct, and some of those will
have been due to luck, as the SA Mathematics Challenge is multiple choice. In contrast,
participants in the alternative intervention were doing work that was very familiar to them, and
they got 82% of the questions correct. Even though | did not give the learners marks on papers,
| did give them answer sheets, and it would be hard for learners not to notice how they were
doing. The qualitative part of the study backs this up: participants in the alternative intervention
described the sums they did as “easy” and “fine”, whereas the participants from the intervention
qualified their positive statements with statements about overcoming difficulty.

The relative difficulty of the interventions is likely the major reason for the dropout rate
in the SA Mathematics Challenge intervention, but due to other confounding variables (the
greater involvement of parents at the alternative intervention school, and the promise of

participation certificates for staying to the end), one cannot be totally sure.
6.5 ETHICAL CONSIDERATIONS

My ethics were guided by the APA General Principles of beneficence and non-maleficence;
fidelity and responsibility; integrity; justice; and respect for people’s rights (Elias & Theron,
2012). 1 also conformed to the APA requirements for Research and Publication and Assessment
(American Psychological Association, 2017) as listed in Chapter 3. These requirements
included institutional approval from the Department of Basic Education, the University of

Pretoria and the schools concerned (see Annexure A for the school participation letter),
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informed consent and assent (see Annexure B), and use of an instrument that is reliable and

valid, and normed on learners similar to those in my study.

6.6 RECOMMENDATIONS
6.6.1 Improvements to this research project

If I were to repeat this study, | would recommend the following changes:

¢+ Selection by 1Q test, Grade 6 standardised Annual National Assessment (ANA) results,
or the Problem-Solving Behaviour sub-test of the SOM
¢+ 10 or more sessions of SA Mathematics Challenge practice rather than just three

¢+ Overt teaching on how to approach various types of Mathematics Olympiad questions.

6.6.2 Further research

| suggest the following further research to increase understanding of gifted disadvantaged
learners and Mathematics Olympiad participation:

% Olympiad preparation techniques used by no-fee schools that are successful in the SA
Mathematics Challenge or Mathematics Olympiad

¢ How successful are the SAMF Olympiad training programmes for gifted disadvantaged
learners?

s A comparative study of SOM problem-solving behaviour scores of learners at two
disadvantaged schools, one that is successful in the SA Mathematics Challenge, and

one that is not.
6.7 SUMMARY OF CHAPTER 6

Gifted disadvantaged learners are important to the future development of our country, and
should be nurtured (Lubinski & Benbow, 2006). The UPPS framework can be used as a
guideline on how to support gifted disadvantaged learners. A unitary concept of giftedness
acknowledges that gifted children are to be found in all socio-economic groups, while potential
acknowledges that even gifted learners need support to flourish, and is inclusive as it allows
twice-exceptional learners to be included in the definition of giftedness. Precocity gives a
simple and cheap option for handling gifted learners: acceleration, which was well used in the
schools that I studied, with several under-age learners in my study. Lastly, the socio-emotional
aspect of the UPPS framework reminds teachers to take into account the emotional dimension

when teaching gifted learners, nurturing passion rather than shutting it down.
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My study found a positive relationship between success in traditional Mathematics and
Study Attitude, Study Habits, and overall Study Orientation. Poverty and giftedness were
shown to interact: the gifted disadvantaged learners in my study were less disadvantaged by
their surrounding than one would expect, and conversely had higher Mathematics anxiety than
expected for their achievement level.

While | have listed the opportunities for mathematically-gifted learners in
disadvantaged areas of South Africa in Chapter 2, much more could be done. The participants
in my study found the problem-solving questions in the SA Mathematics Challenge unfamiliar
and difficult. Greater experience of Mathematics Olympiads, possibly coupled with teaching
problem-solving techniques, is recommended to help mathematically-gifted disadvantaged

learners live up to their potential as South Africa’s problem-solvers.
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ANNEXURE A: SCHOOL PARTICIPATION LETTER

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

REQUEST FOR PARTICIPATION AND INFORMED ASSENT/CONSENT
SCHOOL PRINCIPAL

Dear Sir/Madam

| am currently busy with my MEd in Educational Psychology at the University of
Pretoria on the following topic: “The value of Mathematics Olympiad participation for
developing problem-solving skills in gifted disadvantaged learners”. | would like to
ask your permission to conduct a part of this research at your school.

Mathematically-gifted learners in disadvantaged areas have potential but need
assistance in developing that potential into skills that are valuable to the economy.
Both universities and employers value problem-solving skills. The SA Mathematics
Challenge is a Mathematics Olympiad for primary school learners that aims to
enhance problem-solving skills. I will explore whether this claim is valid for
mathematically-gifted Grade 7 learners, by assessing their problem-solving skills

before and after an intervention.

| will need the school’s assistance in selecting the top 50 learners in Grade 7 by their
2018 mathematics year marks, and distributing informed assent/consent forms to the
selected learners and their parents. Only learners who have returned an
assent/consent form that is signed by both the learner and a parent/guardian may

take part in the study.
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The study will consist of five sessions of one hour, after school. In the first and last
session the learners will complete a questionnaire called the Study Orientation in
Mathematics, and some will take part in a focus group on this experience. The other
sessions will consist of mathematics problem-solving exercises, either from the SA
Mathematics Challenge, or from materials provided by the Department of Basic

Education. | will facilitate all the sessions.

Participation is voluntary and can be withdrawn at any time. Only my supervisor and
I will know which schools were used in the research. Pseudonyms will be used for
your school and learners during data collection, analysis and in the published
research. During the study only my supervisor and | will have access to the data
collected. After completion of the study, the material will be stored at the university’s

Educational Psychology Department according to the policy requirements.
If you agree to allow me to conduct this research in your school, please fill in the
consent form provided below. If you have any questions, do not hesitate to contact

my supervisor or me.

Thank you for your consideration of this request.

Mrs R.A. Stones Prof J.G. Maree (Supervisor)
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INFORMED CONSENT
SCHOOL PRINCIPAL

Title of research project: The value of Mathematics Olympiad participation for

developing problem-solving skills in gifted disadvantaged learners

| confirm that | have been informed about the nature of this research.

| understand that learners may withdraw from this study at any stage, without prejudice.

Signature: Date:

(School principal’s name)

Mrs R.A. Stones (Researcher) Signature: Date:

Contact number:
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ANNEXURE B: INFORMED CONSENT LETTER

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

REQUEST FOR PARTICIPATION AND INFORMED CONSENT
PARENT/GUARDIAN

Dear Grade 7 parent/guardian

Your child/ward is invited to participate in a study of mathematically-gifted children
from disadvantaged schools. The results of the study will be published. You may
request a copy of the study from me. No names of participants or schools will be

included in the final publication.

The study will consist of five sessions of one hour, after school. In the first and last
sessions your child will complete a questionnaire called the Study Orientation in
Mathematics and could talk about this experience in a small group. In the other
sessions your child/ward will do mathematics problem-solving with other Grade 7

learners. | will facilitate all the sessions.

Your child/ward may choose not to participate in the study and may stop participating
at any time without stating reasons. No information will be kept about participants
who choose to leave the study.

If you are willing for your child to participate in this study, please complete the form

below. Thank you for your consideration of this request.

Mrs R.A. Stones Prof J.G. Maree (Supervisor)
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UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

REQUEST FOR PARTICIPATION AND INFORMED ASSENT
LEARNER

Dear Grade 7 learner

You are invited to participate in a study of mathematically-gifted children from
disadvantaged schools. The results of the study will be published. You may request
a copy of the study from me. No names of participants or schools will be included in

the final publication.

The study will consist of five sessions of one hour, after school. In the first and last
sessions you will complete a questionnaire called the Study Orientation in
Mathematics and could talk about this experience in a small group. In the other
sessions you will do mathematics problem-solving with other Grade 7 learners. | will

facilitate all the sessions.

You may choose not to participate in the study and may stop participating at any
time without stating reasons. No information will be kept about participants who

choose to leave the study.

If you are willing to participate in this study, please complete the form below. Thank

you for your consideration of this request.

Mrs R.A. Stones Prof J.G. Maree (Supervisor)
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UNIVERSITY OF PRETORIA Fakulteit Opvoedkunde

YUNIBESITHI YA PRETORIA Lefapha la Thuto

INFORMED ASSENT/CONSENT
LEARNER AND PARENT/GUARDIAN

Title of research project: The value of Mathematics Olympiad participation for

developing problem-solving skills in gifted disadvantaged learners

| confirm that | have been informed about the nature of this research.

| understand that learners may withdraw from this study at any stage, without prejudice.

Signature: Date:
(Learner’s name)

Signature: Date:
(Parent/guardian’s name)
Mrs R.A. Stones (Researcher) Signature: Date:

Contact number:
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ANNEXURE C: PRE- AND POST-TEST RESULTS

Table 22: Pre- and post-test results of the SOM for the intervention group

Gr.6 Pre-test Post-test
Maths
mark | SA MA SH PSB SM Total| SA MA SH PSB SM Total
90 | 48 35 38 36 45 202 | 52 40 41 38 42 213
87| 40 42 42 51 37 212 | 48 28 52 47 30 205
86| 50 42 54 5 44 2451 52 39 59 57 40 247
85| 45 37 55 51 30 218 40 36 43 36 37 192
84| 55 43 51 50 42 241 | 53 42 55 62 48 260
81| 47 49 50 26 41 213 | 34 32 37 28 46 177
79| 51 38 52 65 39 245 53 43 56 46 44 242
78| 43 38 43 31 37 192 | 43 45 43 45 40 216
77| 54 46 54 46 49 249 | 44 28 35 50 31 188
77| 46 48 45 49 34 222 | 52 37 53 50 44 236
76 | 43 32 48 48 36 207 | 35 40 37 43 37 192
74| 36 28 38 41 34 177 | 33 42 33 32 35 175
72| 52 48 44 56 49 249 | 44 37 43 51 42 217
72| 37 36 44 29 41 187 39 35 44 34 30 182
72| 24 48 20 12 35 139| 29 48 24 20 41 162
71| 53 39 55 54 32 233 | 52 46 62 59 36 255
69| 40 38 38 38 40 194 36 39 45 41 39 200
68| 42 45 53 42 45 227 | 45 55 47 35 48 230
66 | 49 32 62 52 48 243 | 55 41 60 54 45 255
62| 49 30 61 64 44 248 | 48 46 55 54 38 241
61| 30 40 47 49 28 194 42 30 50 39 33 194
60 | 50 27 56 63 27 223 | 41 31 55 55 26 208
60 | 44 17 43 48 16 168 | 46 16 48 52 25 187
57 | 45 41 45 48 43 222 | 34 37 37 26 40 174
55| 53 30 64 62 45 2541 56 44 62 60 42 264
541 31 43 36 32 46 188 | 32 41 35 36 38 182
51| 52 47 54 57 39 249 | 46 28 54 56 33 217
SA: Study Attitude in Mathematics
MA: Mathematics Anxiety
SH: Study Habits in Mathematics
PSB: Problem-Solving Behaviour in Mathematics
SM: Study Milieu in Mathematics
Total: Overall Study Orientation in Mathematics
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Table 23: Pre- and post-test results of the SOM for the alternative intervention group

Gr. 6 Pre-test Post-test
Maths
mark| SA MA SH PSB SM Total| SA MA SH PSB sm Total
84| 49 49 45 46 37 226 | 43 43 51 34 44 215
84| 48 45 42 26 42 203 | 42 50 48 40 46 226
78| 50 43 55 47 40 235 | 47 45 46 47 39 224
78 43 39 55 52 49 238 | 45 46 63 66 47 267
751 45 54 39 37 b1 226 | 47 43 49 45 28 212
75| 50 40 45 38 33 206 | 36 31 38 41 32 178
741 52 34 58 48 41 233 | 56 43 57 47 38 241
71| 46 53 55 55 49 258 | 51 56 55 54 51 267
70| 38 26 33 44 28 169 | 49 33 50 34 44 210
68| 55 48 61 56 45 265| 51 51 57 59 46 264
68| 46 48 57 53 39 243 | 54 51 59 57 49 270
68 51 37 b1 62 43 244 | 50 29 47 50 35 211
68| 44 44 50 46 39 223 | 41 48 51 46 39 225
68| 35 49 33 24 42 183 | 39 35 47 40 38 199
67| 52 33 49 45 21 200 | 46 39 41 43 31 200
66| 42 48 33 44 50 217 | 47 42 41 42 45 217
66| 43 27 39 43 29 181 | 44 35 46 45 35 205
66| 24 28 25 30 32 139 | 38 37 22 40 28 165
65| 50 52 56 59 46 263 | 55 50 58 66 47 276
65| 47 48 42 41 46 224 | 54 48 54 52 51 259
65| 44 36 55 52 33 220 | 42 44 60 51 30 227
65| 46 36 48 34 29 193 | 37 43 48 38 28 194
65| 44 38 49 33 34 198 | 50 47 51 38 40 226
63| 50 45 46 49 44 234 | 47 46 47 38 44 222
63| 47 36 59 50 30 222 | 35 21 38 37 27 158
63| 44 38 54 40 43 219 | 48 52 61 57 47 265
62| 52 28 58 64 35 237 | 56 39 61 62 34 252
62| 52 43 52 53 39 239 | 55 42 54 60 39 250
62| 43 41 47 55 46 232 | 44 51 59 64 48 266
62| 45 39 55 43 35 217 | 52 36 49 54 32 223
62| 38 38 33 39 31 179 | 32 42 40 30 27 171
61| 54 47 59 46 42 248 | 55 43 61 55 42 256
61| 50 35 48 57 34 224 | 33 22 4 36 30 162
61| 47 27 59 61 26 220| 51 36 63 66 34 250
60| 42 36 53 64 30 225 | 38 28 62 49 30 207
60| 47 45 54 39 36 221 | 39 31 57 46 37 210
60| 45 34 47 41 23 190 | 45 44 52 60 40 241
60| 38 31 46 35 36 186 | 38 42 40 43 34 197
60| 17 30 19 22 24 112 | 36 40 46 38 37 197
581 39 29 44 41 30 183 | 43 32 40 36 26 177
Unknown | 46 38 51 52 44 231 | 43 44 57 48 42 234

SA: Study Attitude in Mathematics
SH: Study Habits in Mathematics
SM: Study Milieu in Mathematics

© University of Pretoria

MA: Mathematics Anxiety
PSB: Problem-Solving Behaviour in Mathematics
Total: Overall Study Orientation in Mathematics
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ANNEXURE D: FOCUS GROUP QUESTIONS

Focus group questions after the pre-test of the SOM

1. Have you seen a questionnaire like the SOM before?

2. What did you think of the SOM?

3. Did you understand all the questions in the SOM? Which didn’t you
understand? What did you not understand about each?

4. Would you have preferred to answer the SOM in another language? Which?

5. Were there any questions you particularly liked answering? Why?

6. Were there any questions you didn’t like answering? Why?

7. Do you have anything else you would like to share with the group?

Focus group questions after the post-test of the SOM

What have you seen that was like the worksheets we did?

What did you think of the sums we did?

How do you feel about the level of difficulty (or easiness) of the sums?
What did you like about the sessions we had?

What didn’t you like about the sessions we had?

What did you learn from participating in this study?

What was it like answering the SOM again?

F S @& @ & @ W

In which ways did you answer the same as the first time or different from the
first time?

9. What else would you like to share with the group?

10. Were there any questions you didn’t like answering? Why?

11. Do you have anything else you would like to share with the group?
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ANNEXURE E: INTERVENTION WORKSHEETS

SA Mathematics Challenge 2013

GRADE 7 FIRST ROUND

NOTE:

e Answer the questions according to the
instructions on the answer sheet.

e You may use a calculator.

e The questions test insight. Complex calculations
will therefore not be necessary.

e We hope you enjoy it!

SA Wiskunde-uitdaging 2013
Graad 7 Eerste Ronde

LET OP:

e Beantwoord die vrae volgens die instruksies op
die antwoordblad.

e Jy mag 'n sakrekenaar gebruik.

e Die vrae toets insig. Omslagtige berekeninge is
dus onnodig en tydrowend.

e Ons hoop jy geniet dit!

1. What number is exactly halfway between 5.6 and 5,65?

(A) 5,025 (B) 5,625 (C) 5.62

1. Watter getal is presies halfpad tussen 5,6 en 5,65?

(D) 5.605 (E) 5.635

2. Which one of these is not true?

(A) Ixl=lxl=1 (B) 2+2+2:2=2

(C) 3x3-3+3=3

2. Watter een hiervan is nie waar nie?

(D) (4-4):4+4=4 (E) 5+5x(5-5)=5

3. What is the 83™ number in the following pattern?

3. Watis die 83ste getal in die volgende patroon?

B e . 1:3: 55 75000
(A) 85 (B) 165 (©€) 62 (D) 97 (E) 102

4.  The sketch shows a 6 cm by 4 cm rectangle. 4. Die skets toon 'n 6 cm by 4 cm reghoek.

What area is shaded? Watter oppervlakte is verdonker?
(A) 12cm’ (B) 10cm’ (C) 9cm? (D) 8 cm’ (E) 7cem’

5. The sketch shows a 6 cm by 4 cm rectangle. 5. Die skets toon 'n 6 cm by 4 cm reghoek.

What area is shaded? Watter oppervlakte is verdonker?
(A) 12 em’ (B) 10cm’ (©) 9em’ (D) 8 cm’ (E) 7em’

6. The average of eleven numbers is 8. Ifa twelfth number 6. Die gemiddelde van elf getalle is 8. As 'n twaalfde getal
is added to these numbers, the average of all twelve by hierdie getalle getel word, is die gemiddelde van al
numbers is now 11. What is the twelfth number added? twaalf getalle nou 11. Wat is die twaalfde getal wat

bygetel is?
(A) 11 (B) 12 (C) 33 (D) 44 (E) 22
| N '
.. SasoL .
reaching new frontiers SA

3

SANVI Fim.

I The ion for i i

SOUTH AFRICAN MATHEMATICS FOUNDATION

of South Africa
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Grade 7 (First Round) Page 2 of 4

two digits (e.g. 6 and 8) you can form two numbers,
namely 68 and 86. How many different four-digit
numbers can be formed with four different digits?

(A) 8 (B) 10 (C) 16

7. Calculate the value of 7. Bereken die waarde van
1 1
1+ 1+
1 1
[ lA—
142 142
3 5 2 1 1
(A) Ig (B) 3 © 15 (D) 33 (E) 55
8. A small rectangular garden measuring 3,75 m by 8. ’n Klein reghoekige tuin met afimetings 3,75 m by 2,5 m
2.5 m s to be paved with equal square tiles so that the moet plavei word met ewe-groot vierkantige teéls sodat
area is covered exactly. Tiles may not be cut. What is die area presies bedek word. Teéls mag nie gesny word
the minimum number of square tiles that could be nie. Wat is die minimum getal vierkantige teéls wat
used? gebruik kan word?
(A) 12 (B) 10 (€) 8 (D) 6 (E) 4
9. The notation ¢ U b means “the remainder when « is 9. Die notasie a U b beteken “die res as « gedeel word deur
divided by . What is the value of 123 U (45 U 6)? b”. Wat is die waarde van 123 O (45 0 6)?
(A) 0 (B) 1 ©) 2 (D) 3 (E) 4
10. When a number is multiplied by itself, the result is a 10. As 'n getal met homself vermenigvuldig word, is die
square number. For example, 3 x 3 =9 and resultaat 'n volkome vierkant. Byvoorbeeld,
6 x 6 =36 are square numbers. How many square 3 x3=9en 6 x 6=36is vierkante. Hoeveel vierkante is
numbers are there from 1 to 1000? daar van 1 tot 1000?
(A) 31 (B) 961 (C) 20 (D) 21 (E) 22
11. In the pattern below, the diagram with two squares has 11. Indie patroon hieronder: Die diagram met twee vierkante
six triangles. If the pattern continues to grow, how many het ses drichoeke. As die patroon voortgesit word, hoeveel
drichoeke is daar in "n diagram met ses vierkante?
(A) 12 (B) 14 (D) 18 (E) 20
12. In question 11, how many triangles are there in a 12. Invraag 11: Hoeveel drichoeke is daar in 'n diagram met
diagram with 60 squares? 60 vierkante?
(A) 120 (B) 122 (C) 140 (D) 160 (E) 142
13. In question 11, how many squares are there in a diagram  13. In vraag | 1: Hoeveel vierkante is daar in *n diagram met
with 60 triangles? 60 drichoeke?
(A) 30 (B) 32 (C) 28 (D) 29 (E) 31
14. With one digit you can form one number, e.g. 9. With 14. Met een syfer kan jy een getal vorm, bv. 9. Met twee

syfers (bv 6 en 8) kan jy twee getalle vorm, nl. 68 en 86.
Hoeveel verskillende viersyfer-getalle kan met vier
verskillende syfers gevorm word?

(D) 24 (E) 32
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15. Three circles with radii 7 cm, 8 cm and 9 ¢m touch each 15. Drie sirkels met radiusse van 7 cm, 8 cm en 9 ¢cm raak
other externally without overlapping. What is the mekaar uitwendig. Wat is die omtrek van die drichoek
perimeter of the triangle formed by joining the three wat gevorm word deur die drie middelpunte van die
centres of the circles? sirkels te verbind?

(A) 30cm (B) 24 cm (C) 48 cm (D) 12cm (E) 7Tm+8n+9n

16. If the areas of rectangles A, B and C below are 12 cm?, 16. Die oppervlakte van reghoeke A, B en C hieronder is
21 em? and 20 cm? respectively. What is the area of onderskeidelik 12 em?, 21 cm? en 20 cm?. Wat is die
rectangle D? oppervlakte van reghoek D?

A (&
B D
(A) 32 cm? (B) 35cm? (C) 55cm? (D) 56 cm? (E) 88 cm?

17. The figure below shows a metal bar which is 4 cm high,  17. Die skets hieronder wys 'n metaalstaaf wat 4 cm hoog,
4 cm wide, 1 cm thick and 12 cm long. What is the 4 cm breed, 1 cm dik en 12 cm lank is. Wat is die
volume of the bar? volume van die staaf?

4cm
(A) 96 cm® (B) 7 cm? (€) 16 em’ (D) 192 cm® (E) 84cm’

18. How many two-digit numbers are there with both digits 18. Hoeveel tweesyfer-getalle is daar met beide syfers ewe?

even?
(A) 20 (B) 25 (C) 45 (D) 50 (E) 30
19. Numbers are arranged in the following pattern: 19. Getalle word in die volgende patroon rangskik:
1 2 3 4 5 6 row 1 1 2 3 4 5 6 ry 1
7 8 9 10 11 12 row 2 7 8 9 10 11 12 ry2
13 14 15 16 17 18 row 3 13 14 15 16 17 18 ry 3
row 4 ry 4
What will the third number in row 81 be? Wat sal die derde getal in ry 81 wees?
(A) 480 (B) 486 (C) 483 (D) 485 (E) 241
20. Tom, Fred and Rhoda put their apples into a bag. Tom 20. Tom, Fred en Rhoda sit hul appels in 'n sak. Tom en
and Fred together had 17 more apples than Rhoda. Tom Fred het saam 17 meer appels as Rhoda. Tom het 7
had 7 apples. Rhoda had 5 apples. How many apples did appels gehad. Rhoda het 5 appels gehad. Hoeveel appels
Fred have? het Fred gehad?
(A) 15 (B) 10 ©) 12 (D) 22 (E) 5
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21. a, b, c and d are four adjacent dates in a calendar as 21. a, b, c end is vier aangrensende datums in 'n kalender
shown. Which statement is NOT true for any calendar? soos hieronder. Watter bewering is NIE waar vir enige
kalender nie?
Mon | Tues | Wed | Thu | Fri | Sat | Sun
a b
C d
(A) c—a=d-b B) c=a+7 (C) d=a+8 (D) ate=b+d (E) a+td=c+b
22. In the above calendar,a+ b +c+d=152. 22. Indie kalender hierbois a+ b +c¢+d=52.
What is a + b? Watis a + b?
One cannot say
i B8 (B) 25 (©) 26 8) 4 (E) Mens kan nie sé nie
23. a, b, ¢ and d are any four consecutive numbers, for 23. a, b, c end is enige vier opeenvolgende getalle,
example 2,3, 4, 5 or 14, 15, 16, 17. Which statement is byvoorbeeld 2, 3,4, 5 of 14, 15, 16, 17. Watter bewering
NOT true for any such four numbers? is NIE waar vir enige sulke vier getalle nie?
(A) c—a=d-b (B) c=a+2 (C) d=a+3 (D) ate=b+d (E) atd=c+b
24. In the triangle three lines are drawn from two corners to ~ 24. In die driehoek word drie lyne vanaf twee hoeke na die
the opposite sides of the triangle. This divides the teenoorstaande sye van die drichoek getrek. Dit verdeel
triangle into 16 non-overlapping sections. If 10 lines die driehoek in 16 dele wat mekaar nie oorvleuel nie. As
from two corners are drawn in the same way, how many 10 lyne op dieselfde manier van twee hoeke getrek word,
non-overlapping sections will the triangle have? hoeveel nie-oorvleuelende dele sal daar wees?
(A) 100 (B) 121 (©) 20 (D) 107 (E) 54
25. Six pencils and four pens cost R62. However, four 25. Ses potlode en vier penne kos saam R62. Maar vier

pencils and six pens cost R84. How much do five pencils
and five pens cost?
(A) R31

(B) R73 (C) R56

potlode en ses penne kos R84. Hoeveel kos vyf potlode
en vyf penne?

(D) R96 (D) R62
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Answer the questions according to the
instructions on the answer sheet.

You may use a calculator.

The questions test insight. Complex calculations
will therefore not be necessary.
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SA Wiskunde-uitdaging 2014
Graad 7 Eerste Ronde

LET OP:

Beantwoord die vrae volgens die instruksies op
die antwoordblad.

Jy mag 'n sakrekenaar gebruik.

Die vrae toets insig. Omslagtige berekeninge is
dus onnodig en tydrowend.

e \We hope you enjoy it! e Ons hoop jy geniet dit!
1. Which statement is not true? 1. Watter bewering is nie waar nic?
A)1+1-1x1=1 A)1+1-1x1=1
B)1-1x1+1=1 B)1-1x1+1=1
©) 2=2%2+2=2 © 2—-2+2+2=2
(D) 3—3+4+3x3=9 (D) 3—3+3x3=9
(E) 4—4+4%x4=0 (E) 4—4+4%x4=0
(A) A (B) B < C (D) D (E) E
2. Part of a calendar is shown below. The sum of the 2. ’nDeel van 'n kalender word hieronder getoon. Die som
numbers in the first row (from Monday to Thursday) is van die getalle in die eerste ry (van Maandag tot
26. What is the date of the Monday in the first row? Donderdag) is 26. Wat is die datum van die Maandag in
die eerste ry?
Mon Tues Wed Thurs
(A) 23 (B) 26 (€) 10 (D) 8 (E) 5
3.  What is the angle between the hour hand and the 3. Watis die hoek tussen die uur- en minuutwysers op 'n
minute hand on an analogue clock at 08:00? analooghorlosie om 08:00?
(A) 20° (B) 120° (C) 130° (D) 150° (E) 200°
4. Numbers are arranged in a triangle as shown. There are 4. Getalle word in "n drichoek rangskik soos getoon. Daar
three numbers in Row 2 and five numbers in Row 3. If is drie getalle in Ry 2 en vyf getalle in Ry 3. As die
the pattern is continued, how many numbers are there in patroon voortgesit word, hoeveel getalle is in Ry 20?
Row 20?
A <— Row 1
LN /aN w4 Raw?2
579 <«— Row3
10N LAN3A4NS
(A) 19 (B) 21 (©) 33 (D) 39 (E) 41
N e
N SasoL .
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5. Refer to the previous question. What is the first (left)
number in Row 20?

(A) 362 (B) 400 (C) 401

Verwys na die vorige vraag. Wat is die eerste (linker)
getal in Ry 20?

(D) 324 (E) 200

6. How many different triangles (of all sizes) are in this

Hoeveel verskillende drichoeke (van alle groottes) is

figure? daar in hierdie figuur?
(A) 11 (B) 12 (©) 13 (D) 14 (E) 15
7. Calculate the value of 7. Bereken die waarde van
| 1
I+— L
1+— =
3 3
1 3 d 2 3
(A) 23 (B) 27 © 27 (D) 13 () 17
8. A caris travelling at 60 km/h. How many metres does 8. ’n Motor beweeg teen 60 km/h. Hoeveel meter beweeg
it cover in 12 seconds? dit in 12 sekondes?
(A) 200 (B) 240 (C) 720 (D) 500 (E) 600
9. Inthe figure below, there are four equal rectangles. The 9.  Die figuur hieronder bestaan uit vier ewe-groot
longer side of each rectangle is 9 cm long. What is the reghoeke. Die langste sy van elke reghoek is 9 cm lank.
perimeter of the figure? Wat is die omtrek van die figuur?
(A) 36cm (B) 42 cm (C) 45cm (D) 48 cm (E) 54cm
10. XS567Y is a five-digit number which is divisible by 3. 10. X567Y is 'n vyf-syfer getal wat deelbaar is deur 3. Wat

What is the largest possible value of Y?

(A) 3 (B) 6 ©) 7

is die grootste moontlike waarde van Y?

(D) 8 (E) 9

11. In a test consisting of 20 multiple choice questions, 6
points are awarded for each correct answer and 2 points
are deducted for each wrong answer. David answered all
the questions and scored 88. How many questions did
David answer correctly?

(A) 15 (B) 16 (C) 17

. In 'n toets bestaande uit 20 veelkeuse vrae, verdien elke

korrekte antwoord 6 punte, en vir elke verkeerde
antwoord word 2 punte afgetrek. David het al die vrae
beantwoord en 'n telling van 88 punte behaal. Hoeveel
vrae het David korrek beantwoord?

(D) 18 (E) 19
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12. To find the number in a box in the diagram below, we 12. Om die getal in ’n boks in die diagram hieronder te
apply the following rule to the two numbers immediately bereken, pas ons die volgende reél toe op die twee getalle
below the box: direk onder die boks:

“Multiply the number on the left by 3 and then “Vermenigvuldig die getal links onder met 3 en trek
subtract the number on the right”. dan die getal regs af”.
For example, A=3X5—-6=09. Byvoorbeeld, A=3Xx5—-6=09.
What is the value of X? Wat is die waarde van X?
177
25 A
X 5 6 y
2
(A) 10 (B) 20 (©) 15 (D) 70 (E) 65
13. Sipho uses dots to build patterns as shown below. 13. Sipho bou patrone met kolletjies soos hieronder.
How many dots will he use for Psg? Hoeveel kolletjies sal hy gebruik vir Psq?
00000
0000 00000
000 o000 00000
o0 000 0000 00000
P Py P Py
(A) 2601 (B) 1275 (C) 2550 (D) 2500 (E) 2600
14. When a bucket is half full of water, it has a mass of 14. Wanneer 'n emmer halfvol water is, het dit 'n massa van
12 kg. When the bucket is one-third full of water it 12 kg. Wanneer die emmer een-derde vol water is, het dit
has a mass of 10 kg. What is the mass of the empty ’n massa van 10 kg. Wat is die massa van die leé
bucket? emmer?
(A) 2kg (B) 5kg (C) 6kg (D) 4kg (E) 8kg

15. The average of five numbers is 60. If the smallest 15. Die gemiddelde van vyf getalle is 60. As die kleinste
number is replaced by 80, the average is 65. What getal vervang word met 80, is die gemiddelde 65. Watter
number was replaced? getal is vervang?

(A) 60 (B) 55 (C) 50 (D) 48 (E) 45
16. If3!=3x2x1and4! =4 x 3 x 2 X 1, what is the 16. As3!=3x2X1end4! =4x3x2x1,watisthe
20! 20!
value of — ? waarde van — ?
19! 19!
(A) 20 (B) 19 (C) 39 (D) 380 (E) 400
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17. All the counting numbers are arranged in columns as
shown below. In which column is 2014?

17. Al die natuurlike getalle word in kolomme rangskik soos

hieronder. In watter kolom is 2014?

A B C D E F G
1 2 3 4 5 6 7
8 9 |10 | 11 |12 | 13 | 14
15|16 | 17 | 18 | 19 | 20 | 21
(A) C (B) D €) E (D) F (E) G
18. Four chocolates and two cooldrinks cost R35, while two 18, Vier sjokolades en twee koeldranke kos saam R35,
chocolates and four cooldrinks cost R43. What does one terwyl twee sjokolades en vier koeldranke R43 kos.
chocolate and one cooldrink cost? Hoeveel kos een sjokolade en een koeldrank?
(A) RI10 (B) RI11 (C) RI12 (D) RI13 (E) RI16
19. Three dice with faces numbered | to 6 are stacked as 19. Drie dobbelstene met hul sye genommer van | tot 6

shown. Seven of the 18 faces are visible, and 11 faces
hidden (side, back, bottom, between). How many dots

are not visible?

(A) 21 (B) 22 (€) 31

word gepak soos getoon. Sewe van die 18 sye is sigbaar
en |1 sye is nie sigbaar nie (links, agter, onder, tussen).
Hoeveel kolletjies is altesaam nie sigbaar nie?

(D) 41 (E) 51

20. In avillage, in one month, one-tenth of the people are

sick and nine-tenths are well. In the next month,
seven-tenths of those who were sick are now well,
while three-tenths of the people who were well are
now sick. What fraction of the people is sick at the
end of the second month?

c 3
© 10

K B)
) ®)

20.

In "n dorpie is daar in "n sekere maand een-tiende van die
mense siek en nege-tiendes is gesond. In die volgende
maand is sewe-tiendes van die mense wat sick was nou
gesond, terwyl drie-tiendes van die mense wat gesond
was nou siek. Watter breuk van die mense is aan die
einde van die tweede maand siek?

DZ El
D) (E) 3
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e Answer the questions according to the
instructions on the answer sheet.
You may use a calculator.
The questions test insight. Complex
calculations will therefore not be necessary.
e We hope you enjoy it!

SA Wiskunde-uitdaging 2018
GRAAD 7 EERSTE RONDE

LET OP:

Beantwoord die vrae volgens die instruksies
op die antwoordblad.

Jy mag 'n sakrekenaar gebruik.

Die vrae toets insig. Omslagtige berekeninge
is dus onnodig en tydrowend.
Ons hoop jy geniet dit!

1. Which of the following statements is incorrect?

(A)2+0x1+8=10
B)2-0+1+8=11
(C)2x0+1+8=8
D) 2+0+1%x8=2
(E)2+0x1x8=16

Watter van hierdie bewerings is onwaar?

(A)2+0x1+8=10
(B)2-0+1+8=11
(C)2x0+1+8=8
D)2+0+1x8=2
(E)2+0x1x8=16

(A) A (B) B (C) C (D) D (E) E
2. What is the remainder when 123 456 789 is divided by 2. Watis die res as 123 456 789 gedeel word deur 100?
100?
(A) 9 (B) 89 (©) 11 (D) 19 (E) 189
3. Some numbers read the same when written forwards 3. Sommige getalle lees dieselfde van voor en van agter,
and backwards, for example 121. How many such byvoorbeeld 121. Hoeveel sulke getalle is daar tussen
numbers are there between 10 000 and 11 000? 10000 en 11 000?
(A) 1 (B) 25 (€) 10 (D) 9 (E) more than 25
4. In this diagram, the row and column totals are given in 4.  In hierdie diagram word die ry- en kolomtotale in die
the shaded blocks. What is the value of T? verdonkerde blokkies gegee. Wat is diec waarde van T?
b | 39
d c T
64 | 61
(A) 6l (B) 64 (C) 65 (D) 66 (E) 68
5. Ifall the whole numbers from 1 to 100 are written down, 5.  As al die heelgetalle van 1 tot 100 neergeskryf word,

how many times would the digit 4 be written?

(A) 10 (B) 11 ©) 19

hoeveel keer word die syfer 4 geskryf?
(D) 20 (E) 21

p
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6. How many whole numbers between 1 and 1 000 are 6. Hoeveel heelgetalle tussen 1 en 1 000 is deelbaar deur 5
divisible by 5 and 6? en 67
(A) 31 (B) 32 (©) 33 (D) 34 (E) 35
7. The median of five numbers is 5 and the mode is 6. What 7. Die mediaan van vyf getalle is 5 en hul modus is 6. Wat
is the largest possible sum of the five numbers? is die grootste moontlike som van die vyf getalle?
(A) 24 (B) 25 (C) 26 (D) 27 (E) 28
8. In which column is the number 856 in this table? 8. In watter kolom is die getal 856 in hierdie tabel?
A B C D E F G
1 2 3 - 5 6 7
8 9 10 11 12 13 14
15 16 17 18 19 20 21
22 23 24 25 26 21 28
(A) B (B) C (©) D (D) E (E) F
9. In this rectangle, the top side has been divided into 9. In hierdie reghoek is die boonste sy in derdes verdeel.
thirds. What fraction of the rectangle has been shaded? Watter breuk van die reghoek is verdonker?
2 1 2 1 7
GV~ (B) 7 © 3 D 3 ®
10. The number 2A36B is a five-digit odd number which is 10. Die getal 2A36B is 'n vyf-syfer onewe getal wat
divisible by 15. How many possible different values can deelbaar is deur 15. Hoeveel verskillende moontlike
A have? waardes kan A hé?
(A) 6 (B) 5 ©) 4 (D) 3 (E) 2
1 1
11. Which number lies on the number line 3 of the way 11. Watter getal 1€ op die getallelyn 2 van die afstand van
from = to3? > par=t
8 4 8 4
1 3 5 7 5
A 3 B) T (€ 12 ®) <5 E) =
12. What is the value of 12. Wat is die waarde van
1-2+4+3-44+5-6+--4+99? 1-24+3-44+5-6+::4+99?
(A) 99 (B) 100 (©) 49 (D) 36 (E) 50
13. Which of these numbers is divisible by 3? 13. Watter van hierdie getalle is deelbaar deur 3?
(A) 102018 + 3 (B) 107018 + 4 (C) 10?018 + 5 (D) 10%°8+6  (E) 10?18 4+7
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14. In a hockey match, the final score was 2—1. How many
different half-time scores were possible?

(A) 6 (B) 5 ©) 4

14. In ’n hokkiewedstryd was die eindtelling 2—1. Hoeveel
verskillende rustydtellings was moontlik?

(D) 3 (E) 2

15. Four candidates are standing for election as School
President. 1f 999 votes are cast, what is the smallest
number of votes that any candidate could obtain and still
win the election?

(A) 251 (B) 250 (C) 249

15. Vier kandidate neem deel aan "n verkiesing vir
skoolpresident. As 999 stemme uitgebring word, wat is
die minste getal stemme wat enige kandidaat kon trek en
steeds die verkiesing wen?

(D) 500 (E) 499

16. In each triangle below, the same calculation is performed
with the three numbers at the vertices to get the number
inside the triangle. What is the value of X?

3 4

4 5 5 6

(A) 33 (B) 34 (C) 32

16. In elke drichoek hieronder word dieselfde berekening
uitgevoer met die drie getalle by die hoekpunte om die
getal binne die drichoek te gee. Wat is die waarde van
X?

6 6

(D) 35 (E) 36

17. Figures are made with black and white tiles as below.
How many black tiles are there in Figure 10?

17. Figure word met swart en wit te¢ls gemaak, soos
hieronder. Hoeveel swart teéls is daar in Figuur 10?

Figure 1

Figure 2

(A) 96 (B) 98 (€) 100

Figure 3

(D) 102 (E) 104

18. A bag contains 4 blue, 5 green and 11 red marbles. How
many green marbles must be added to the bag so that 75
percent of the marbles are green?

(A) 10 (B) 20 (©) 30

18. ’n Sak bevat 4 blou, 5 groen en 11 rooi albasters.
Hoeveel groen albasters moet by die sak bygevoeg word
sodat 75 persent van die albasters groen is?

(D) 40 (E) 50

19. If 6 chickens lay 36 eggs in 4 days, how many eggs
would 8 chickens lay in 2 days, laying at the same rate?

(A) 24 (B) 18 (C) 12

19. As 6 hoenders 36 eiers in 4 dae 1€, hoeveel eiers sal
8 hoenders in 2 dae 1€, as hulle teen dieselfde pas eiers
18?

(D) 30 (E) 42

20. Michael correctly adds the lengths of three sides of a
rectangle, and gets 70 cm. Bianca also adds together the
lengths of three sides of the same rectangle and correctly
gets 59 ecm. What is the perimeter of the rectangle?

(A) 129 cm

(B) 86 cm (C) 80 cm

20. Michael bepaal die som van die lengtes van drie sye van
n reghoek korrek as 70 cm. Bianca bepaal die som van
die lengtes van drie sye van dieselfde reghoek korrek as
59 cm. Wat is die omtrek van die reghoek?

(D) 90 cm (E) 96 cm
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2. 3x3-343=9-3+3=6+3=9
3. nth number =2xn— 1, so 83" number= 2 x 83 — 1 =165
4. & 5.
6. We know: M =8, 50 Sum of numbers =11 x 8 = 88
If the new number is x, then 88+x =11. Sox=12x11-88=44
7. 1+ 1 . :1+%:1+%
1+3 3
8. First fit the tiles in the width: If one tile is used in the width, it has a side of 2,5 m, and cannot cover the length
exactly. If 2 tiles are used in the width the tiles have a length of 1,25 m, and then 3 of them can fit into the length. So
2x3 = 6 tiles are the minimum number of tiles.
9. 4506:45+6="Tres3,dusis450 6 =3.Danvir 1230 3: 123+-3=41res 0, dusis 12303 =0
10. The largest, by guess-and-improvement is 31 x 31 =961. So there are 31 squares smaller than 1000
11. # Triangles = 2xsquares + 2, or 2x(squares + 1). So Triangles (6) =2x6 +2 =14 4 8
12. Triangles (60) = 2x60 + 2 =122 P 4
13. 2xx +2 =60, so x =29 s
14. Make a list, varying the numbers systematically. If the digits are a, b, ¢ and d: 4
abced, abdc, acbd, acdb, adbc, adcb and similarly if the first digitis b, ¢, and d. So 6 x 4 =24 8 4
15. 2x(7+8+9)=2x24
16. c d Using a representation like this, AreaD=b x d
a 12 20 Weknow axc=12,bxc=21,axd=20
Multiply them all together: a® x ¢ x bxd= 12 x 20 x 21
b 21 D But axc = 12, so a’xc? = 144, so bxd = 12x20x 21 + 144 = 35
17. Volume = area of base x length =7 cm® x 12 cm = 84 cm® gl
Or think of cutting out a rectangular prism:
Volume =4x4 x 12 —3x3 x12=7x 12 T
18. The first digit can be 2, 4, 6 or 8. The second digit can be R ‘;‘,‘
0,2, 4, 6 or 8, which gives 4 x 5 =20 possible combinations %j
19. The 6™ column are multiples of 6, with formula 6 x row . MV//
So the last number in row 80 is 6 x 80 = 480. Then row 81 is 481, 482, 483, ... aem
20. T+F =R+17
So 7+F=5+17
So F=15
21. Fill in numbers in the calendar, and test each statement with the numbers.
22. Test specific cases, e.g. if a =5, then b =6, ¢ = 12 and d = 13, the a+b+c+d = 36, which is not correct. Choose a
better value for a ...
Or: Weknowa+td=c+b,soa+ b tctd=a+d +c+b=2x(a+d)=52.
Soa+d=26,s0a+(a+8)=26,s0a=9
23. Choose different consecutive numbers, and test each statement with the numbers.
24. 3 lines from two corners divide the triangle in 4 x 4 sections
10 lines from two corners will divide the triangle in 11 x 11 sections = 121
25. 6 pencils and 4 pens cost R62
4 pencils and 6 pens cost R84
Add them:
10 pencils and 10 pens cost R146
Divide by 2:
5 pencils and 5 pens cost R73
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GRADE 7(1)

l. €2-2+24+2=2—-14+2=3

2 E. Sum of 4 consecutive numbers is 26, i.e. 5+6+7+8. Therefore, Mon is the §'

3. B. Each hour is equivalent to 30, thus the four hours between 08:00 and 12:00 is equivalent to 4 = 30"
4, D. Investigate the structure by finding a pattern in special cases:

Row number | 2 3|4 ]
Number of numbers I 3 517 2%n— |
Therefore, there will be 2x20 — 1=39 numbers in Row 20
5. A, The last number in each Row is the sequence 1, 4. 9, 16, ......... n*

The last number in Row 19 is 19=19. So the first number in Row 20 1s 19x19 + | =362

ALK ALK A A
3
7. E. , = 7 + -=1-
1+3 5 4
Z 60km _ 60000m _ 600m _ 200m
: 1h  3600sec  36sec  12sec
9. B. 9cm
3em 3cm
9cm Scm

3em 3cm 3cm

10. . X567Y is a multiple of 3, and 5+6+7 = 18 is a multiple of 3, so X+Y must be a multiple of 3, So the largest value
of Yis 9, e.g 349, 6+9, 949,
1. B. Use trial and improvement:
20x6—0x2=120+%88 He did not have all correct
19%x6—1%2=112+#88 He did not have 19 correct
17%x6-3=2=96+£88 Hedid not have 17 correct
16 x6—-4x2=88 He had 16 correct!
12, A.3x—5=25,s0x=10
13. C. Structure!

Pi | Po | Pa| Py | s | Py
1x2 | 2x3 | 3x4 | 4x§ i

14. C, Difference in mass of water when half full and one third full:
1

;—1= 12 —-10kg.so l= 2kg

Thus, when half full, the walcr will be 6 kg, which means that the bucket has a mass of 6 kg.

15. B. The sum of the five numbersisa+b+c+d+e=60x5=300
The new sumis 80 ~b+c+d+e=65x5=325
So 80 —a=25s0oa=>55
20! 20x19x%18x

: v |
16. A.H- 19X18X.,....... ®x1 =20

17. (. Note that the numbers is column G are multiples of 7, in column F are all one less than a multiple of 7, ete.
2014 is 2 less than a multiple of 7 (2014 = 287 x 7 + 2), so 2014 will be in column E, which are all 2 less than a
multiple of 7 (5. 12, 19...)
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I8, D. 4 choc + 2 cool = R35
2 choc + 4 cool = R43
6 choc + 6 cool = R78
| choc + | cool = RI3
19. D, The total number of dots that are not visible = total dots — visible dots
The total of the numbers on one die = 1+2+3+4+5+6 = 21, so the total on the three dice is 63,
Numbers 1, 1, 2, 3,4, §, 6 are visible, and these total 22,
So the total dots not visible = 63 — 22 = 41
20. €. Suppose there are 100 people
Sick Well
Month | 10 90
Month 2 3+27=30 | 7+63=70

30 i
So - of the people is sick

GRADE 7(1

I E 240%x1x8=2+4+0=2

2 B

3. (& 10001, 10101, 10201, 10301, 10401, 10501, 10601, 10701, 10801, 10901

4 D Column totals must be the same as the row totals, ie, 59 + T =64 + 61

S. D 4, 14,24, 34,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 54, 64, 74, 84, 94

6 C Multiples of 30: 30, 60, 90, ..., 990 (33 x30)

7 A The five numbers are 3, 4, 5, 6, 6

8. A The remainder when 856 is divided by 7 is 2, which is true for all the numbers in column B
9 €

10. D If a number is divisible by 15 it is divisible by 3 and 5, which means that B is 5 (it is odd).
Thus, 2 + A +3+6+5=A+ 16 must be a multiple of 3, which means that A could be 2 or 5

or8
11. E Thegapfrom% toiis %.Sothenumberis%-&- %x%: 332
12. E 1-2)+@B-4)+B-6)+--(97—-98)+99 = (—1) x 49+ 99
13. C 102918 + 5 = 10000 ... 5, - the sum of the digits is 6
14. A The possible scores are 0-0, 0-1, 1-0, 1-1, 2-0, 2-1
15 A The votes could be 251, 250, 249, 249
16. A The calculationis 6 X 7 —9
17 C The black tiles are 1x1, 2x2, 3x3,4x4, ..., 10x10
18. D Use the answers to test. Total number of marbles is 20. Add 40 to number of green and total.

Thus, there will be 45 green marbles and a total of 60.
19. A 6C,36E,4D — 1C,6E, 4D — 8C,48E,4D - 8C, 24E, 2D
20. B 2L+B=70and 4+ 2B =59,503L+3B=129->L+B=43-> 2L+ 2B =86
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ANNEXURE G: ALTERNATIVE INTERVENTION WORKSHEETS

7 Cemmuleliive preperty ef adeliton ene
| mulitioliceiiien

Commutative property of addition and multiplication

Are the following true or false?
*3+4=4+3

*3x4=4x3

«20+5=5+20
*+20x5=5x20

What do you notice?

1. Use the commutative property of addition or multiplication to make the equations

true.
Example: 5+ 1 =1+ 5 (addition) and 5 x 1 =1 x 5 (multiplication)
a. 13+2= b. 62+31 =
| 13+2=2+13 | | |
c. 4x5= d 7x9=
e.  =8x9 f, =15x% 12 ©

g. Make your own equations using the commutative property of addition and
multiplication.

| | |

2. Use the commutative property of addition or multiplication to make the equations
true.

Example: f+ e =e + f(addition) and f'x e = e x f (multiplication)

a.a+b= b. exd=
| | |
C.mxn= d. =g+h
| || |
e. =px2 f. sxi=

g. Make your own equations using the commutative property of addition and

multiplication.
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. Show that the given equation are equal when you substitute
a=2,b=5andc=3.

Example: a+b=b+a (addition) axb=bxa (multiplication)
a+b=2+5 and b+a=5+2 axbhb=2x5 and bxa=5x2
:7 — =]O =]0
a+b=b+a axb=bxa
alcHla=cta b.cxa=cxa
C. bxa=axb d. b+a=a+b
e. bxc=cxb f.b+c=c+b

4. Write an equation to show how each diagram illusirates the commutative property
@ of multiplication.

a. o000 b. HENNEY Gaaaa
T sigees sasas
WMuuey 33338
c 99 200000 &
ee 333333 A 449494
e 4
v s
e A

Problem solving

If a=20 and b = 15, write an associative property of addition and multiplication statement and
solve it.
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9 preperty of acdifen cne
muifolicaiien

Are the following frue or false? i
5+(3+2)=(5+3)+2

9x(2x3)=(2x3)x9
(12+14) +13=12+ (14+13)
(11 x2) x4=11x(2x4)
What do you notice?

~

tet b p e

1. Use the associative property of addition or multiplication to make the statements
true.

Example: (5+ 1) +3 =5+ (1+ 3) (addition)
(5x1) x3=5x(1x3) (multiplication)

a. (6+2)+4= Solveit: b. (7+3)+1=
6+ +a=6+2+4|12=12 | | I |
c. 8x(10x4)= d. 4x(5x2)=
| | . ] |
e. (11 x3)x2= f. (12x2) x4= ®
| | | | |
2, :Jse the associative property of addition or multiplication to make the statements
rue.
Example: [+ (g+h) = (f+g) + h (addition)
% (g=h)=(f=g)*x h (multiplication)
a. ([a+b)+c= b. (m+n)+c= c. (gxh) xi=
la+(b+e | | o |
d. ([exd)xf= e (kxz)xd= f. (a+d) +v=
| | | ] |
g. (axc)xd= h. (kxl)xm= i. (v+e)+r=
| | | o |
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3. Solveifa =2, b =4 and ¢ = 3. Show that the associative
properties hold and calculate the answers.

Examples: a+ (b+c¢)=(a+b)+c ax(bxc)=(axb)xc
2+ (4+3)=(2+4)+3 2% (4x3)=(2%x4)x3
2+7=6+3 2x12=8x3
2%=89 24 =24
at(b+c)=(a+bh)+c ax(bxc)=(axb)xc

a. (c+a)+b=c+ (a+b) b. (bxa)xc=ax(bxc)

c. bx(cxa)=cx(bxa) d. b+ (c+ta)=(b+c)+ta

4. lfm=1,n=7 and ¢ =2, show that the expressions are equal.
a. (g+m)+n=qg+ (m+n) b. (nxm)xg=mx (nxgq)

C. nx(gxm)=qx (nxm) d. n+(g+m)=(n+q)+m

Problem solving

If @ =25, b= 30 and ¢ = 10, write an associative property of addition and multiplication statement and
solve it.
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8 Disiriouitve preperty of mulifoliceiieon
cdditicn

| 2(3) | | 3(9) | |4[100]|

[0 ] [ ]

What do the brackets mean?
Look at this statement:
2(3+2).

How do you think | will
calculate thise

1. Use the distributive property to write a sum for each diagram so that you can
calculate the total number of blocks in each drawing.

Example: a.
3 5
B I FH B
| |
R e 1
2(3+5)
[ 2x3+2x5 | | |

| 2(3+5) | <
> R
| |

d. Draw a diagram for:
i.5(2+3) i. 6(1+4)
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A

2. Use the distributive property of multiplication to make these statements true.
Example: 4(5+9)=4x5+4x9 (4x5)+(4x%x9)

a. 3(4+2) = | | Calculate it: 3
b. 10(2+3) = | | LT ]

+ =
c.5(3+1)= | | :I;

3. Use the distributive property of multiplication to make these statements true.

Example: 4 x5+ 4x3=(4x5)+ (4x3)=4(5+3)

a. 3x2+3x 5= | |Calcula’reif: 321 5]
6 + 15 =2

b. 6x1+6x4= | | L [T 1
=

c.3x2-3x1= | | :I;

4. Ifa=3, b=2and c =4, calculate the following:
Example: «a(b+c)=axb+axc
3(2+4)=3x2+3x%x4
3(6)=6+12
18=18

a. bla+c) b. ¢(b+a) c. alc+b)

Problem solving

Ifa=5,b=9andc =11, write a distributive property statement and calculate the answer.
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2eyre s iihe idenifly of acditen,
4l as ihe idenitly of mullfolicalien, cihe
| olher preperites of nunbers

What do you notice?
3+0= 5+0= 100+0= 3Ix1= 5x1= 100% 1=
0+16= 0+250= 72+0= 1x16= 1x250= 1x72 =

1. Use zero as the identity of addition, or one as the identity of multiplication to write
a sum for the following:

Zero as the identity of addition One as the identity of multiplication
5 5+0=5 5x1=5
7

9
100
34

25 @®

g. 0.1

~[o|a|o|o|e

2. Use zero as the identity of addition, or one as the identity of multiplication to solve
the following:

o pvo =] b ax—=g o exid |
bx1 =|;| d+l;|=d e+ 0=|;’
| | | | | |

3. Choose the correct property of number to write and equivalent statement to
complete the equation.

a. 4+5= b. 2(3+9) = c. 3+ (4+8)=
[as=sea ]| | |
d. 5(9-8) = e 9+12= f.(2x5)%x11=
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A

4. Say whether the following are true or false. If it is false, explain why it is false.
(o}, WA= Phn ) b. 5-4=4-5 C. 42+1)=4x2+4x1

d. 3+0=3 6. 8-(3-2)=(8-3)-2 f. 2(5-4)=2x5-2x4

5. Ifa=2,b=35, c =8, solve the following:

Example: b+ta=a+b
5+2=2+5
7=7

a.a+c=c+a b. b+ (c+ta)=(b+c)+a c.a+0=

| | I
d. bla+¢) e. alc-b) f. bx1=

6. Match column A with column B

Column A Column B

Associative property of numbers axl=a
Commutative property of numbers (a+b)+c=a+(b+c)
Distributive property of numbers at0=a

Zero as the identity of addition atb=b+a

One as the identity of multiplication alb+c)=axb+axc

Problem solving

What should | add to a number so that the answer will be the same as the number?
By what should | multiply a number so that the answer will be the same as the number?
Write five statements that are true using the properties of number.

Write five statements that are false using the properties of number. Explain your answer.
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How fast can you give me the first 12
multiples of 2s, 3s, 4s, 5s, 6s, 7, 8s, 95,
and 10s2

10

ol w| w
ES
3]
~
@
o

o

12 (15| 18| 21| 24| 27 | 30
12| 16 | 20 | 24 | 28 | 32 | 36 | 40
151 20| 25| 30| 35| 40 [ 45| 50

14| 21| 28| 35| 42 49 | 56 | 63 | 70
16 | 24 | 32| 40 | 48 | 56 | 64 | 72 | 80
18| 27| 36| 45| 54| 63| 72| 81 | 90

of o Nl | o] a| wf | = x
V|l N[O bW N~ —
=)

10| 10| 20| 30| 40| SO 60| 70 | 80 | 90 | 100
1. Use the number board to complete the following:
Example: The multiples of 6 are 6, 12, 18, ... 72, or
We can write it as: multiples of 6: {6,12,18, 24, 30, 36, 42, 48, 54, 60, 66, 72}
a. Multiples of 4: { }
b. Multiples of 7: { } ®
c. Multiples of 5: { }
d. Multiples of 8: { }
e. Multiples of 2: { }
f. Multiples of 9: { }

2. Write down the first 12 multiples of the numbers below. Circle all the common
multiples and identify the lowest common multiple (LCM).

Example: Multiples of 2: 2, (4,) 6, (8) 10, (2) 14, 18, (20) 22
Multiples of 4: @ 28, 32, 36, 40, 44, 48

The LCM is 4.
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a. Multiples of 5: {
Multiples of 10: {
LCM?

b. Multiples of 5: {
Multiples of 6: {
LCM?2

c. Multiples of 90: {
Multiples of 20: {
LCM?2

3. What is the LCM for the following?

Example: Multiples of 4 and multiples of 7
Mulfiples of 4: { 4, 8, 12, 16, 20, 24,
Multiples of 7: {7, 14, 21(28)}

& a. Mulfiples of 2 and multiples of 8 b. Multiples of 3 and multiples of é

c. Mulliples of 5 and multiples of 3 d. Mulfiples of 4 and multiples of 8

f. Multiples of 100 and multiples

e. Multiples of 70 and multiples of 60 of 125

Problem solving

In our homes there are various things that come in multiples. Give five examples of multiples from your
home.
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Your little brother messed up your notes. Find the missing information,

A number is divisible b# if the number formed by the last three digits is divisible by 8.
A number is divisible by 3 if the sum of the digits is divisible by 3.

A number is divisible by 10 if the last digit i#

A number is divisible by#if the last digit is either 0 or 5.

A number is divisible by 4 if the number formed by the last two digits is divisible by*
A number is divisible by 9 if the sum of the digits is divisible by 9.

A number is divisible b\‘*if the last digit is 0, 2, 4, é or 8.

A number is divisible by é if it is divisible by 2 and it is divisible by 3.

1. Tick whether the numbers are divisible by 2, 3, 4, 5 or 10. You can have more
than one answer.

2 3 4 5 10
a. 376 v
b. 7232
c. 9050
d. 6312
e. 2355

2. The following numbers are divisible by?
Example: 4 is divisible by 1, 2, 3 and é.
a. 12 b. 36 C. 42 d. 24 e. 64

3. Which two numbers, when multiplied, give you this number?
Example: 6=2x3,6=1x6
a. 12 b. 36 c. 42 d. 24 e. 64

4. What do you notice if you compare the answers to questions 2 and 37

© University of Pretoria
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i) All the possible multiplication sums using only two numbers i
that will give you this number. (i) All the numbers used in these multiplicatio
sums, in ascending order (but do not repeat a number). (i) Complete the

sentence: “These are the factors of " (iv) Complete the sentence:
“Factors of ={ F
Example: i. 12: 1x12,2x6,3 x4
iiv 1,:2,:3,4, 6,12
ii. These are the factors of 12.
iv. Factorsof 12={1,2, 3, 4, 6, 12}
a. b. ct
i.18: 125: i. 36:
ii. ii. ii.
iii. iii. iii.
iv. Factors of __={ }oliv.F_ = { b | [ivals

6. Complete the following, using the example to guide you.

Example: i. Factors of 12 ore4, nd 12
Factors of 30 arg 1(23) 5,6.)10, 15 and 30

ii. The common factorsare: 1, 2,3, 6
ii. The highest common factoris é.

a. Factors of 8: {....}

Factors of 16:{....}

(1)

(il

(i)

b. Factors of 3: {....}
Factorsiof 12:{....}

(1)

(il

(i)

(i)
(ii)
(i)

c. Factors of 3: {...}
Factors of 9: {....}

7. Complete the table.

Words Factors

1,2 4,
1,2,4,8

Common factors HFC

Factors of 4 and

a.4.and 8 Factors of 8

1,2 4,

o

. 9and 12
. 4and 28
. 12and 36

0

o

Find out!

When in everyday life do we use HCF?
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ANNEXURE H: ALTERNATIVE INTERVENTION ANSWER

SHEETS
Worksheet 1
1. True, true, true, true
b) 62+31=31+62
c) 4x5=5x4 d) 7x9=9x7
e) 9x8=8x9 f) 12x15=15x12

2. a) a+b=b+a
c) mxn=nxm
e) 2xp=px2

3. a) c+a=c+a
3+2=3+2
5=5

c) bxa=axb
5x2=2x5
10=10

e) bxc=cxb
5x3=3x5
15=15

4, a) 3x4=4x3
C) 2x6=6x2

Worksheet 2

1. True, true, true, true
b) (7+3)+1 = 7+(3+1)
10+1=7+4
11=11

c) 8x(10x4) = (8x10)x4
8x40 = 80x4
320 =320

e) (11x3)x2 = 11x(3x2)
33x2 =11x6
66 = 66

b) cxd=dxc
d) h+g=g+h
f) sxt=txs

b) cxa=cxa
3x2=3x2

d) b+a=a+b
5+2=245
7=7

f) b+c=c+b
5+3=345
8=8

b) 6x6=6x6
d) 1x4=4x1

d) 4x(5x2) = (4x5)x2
4x10=20x2
40=140

f) (12x2)x4 = 12x(2x4)
24x4 = 12x8
96 =96
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2 b) (m+n)+c = m+(n+c) c) (gxh)xi = gx(hxi)
d) (exd)xf = cx(dxf) e) (kxz)xd = kx(zxd)
f) (a+d)+v = a+(d+v) g) (axc)xd = ax(cxd)
h) (kxl)xm = kx(Ixm) i) (v+c)+r = v+(c+r)
3. a) (c+a)+b = c+(a+b) b) (bxa)xc = ax(bxc)
(3+2)+4 = 3+(2+4) (4x2)x3 = 2x(4x3)
5+4 = 3+6 8x3 =2x12
9=9 24 =24
c¢) bx(cxa) = cx(bxa) d) b+(c+a) = (b+c)+a
4x(3x2) = 3x(4x2) 4+(3+2) = (4+3)+2
4x6 =3x8 4+5=7+2
24 =24 9=9
4, a) (g+m)+n = g+(m+n) b) (nxm)xg = mx(nxq)
(2+1)+7 = 2+(1+7) (7x1)x2 = 1x(7x2)
3+7 =
2+8
7 x2 =1x14
10 =10
14
c) nx(gxm) =
gx(nxm) d) n+(g+m) = (n+q)+m
7x(2x1) = 2x(7x1) 7+(2+1) = (7+42)+1
7+3=9+1
14=14 10=10
Worksheet 3
1. a) 3x3+3x9 b) 2x4+2x6 c) 4x2+4x8
3(3+9) 2(4+6) 4(2+8)
d)i. ii.
2. a) 3(4+2) = 3x4+3x2 = (3x4)+(3x2) =12+ 6 =18
b) 10(2+3) = 10x2+10x3 = (10x2)+(10x3) = 20 + 30 = 50
c) 5(3+1) = 5x3+5x1 = (5x3)+(5x1) =15+ 5 =20
3. a) 3x2+3x5 = (3x2)+(3x5) = 3(2+5) =6+ 15=21

b) 6x1+6x4 = (6x1)+(6x4) = 6(1+4) =6 + 24 = 30
c) 3x2-3x1 = (3x2)-(3x1) =3(2-1)=6-3=3

© University of Pretoria
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4, a) b(a+c) = bxa+bxc b) c(b+a) = cxb+cxa

2(3+4) = 2x3+2x4 4(2+3) = 4x2+4x3

2(7) =6+8 4(5) = 8+12

14 =14 20 =20

c) a(c+b) = axc+axb

3(4+2) = 3x4+3x2

3(6) =12+6

18 =18
Worksheet 4
3+0=3 5+0=5 100+0=100 3x1=3 5x1=5 100x1=100
0+16=16 0+250=250 72+0=72 1x16=16 1x250=250 1x72=72

Anything + 0 = the same number
Anything x 1 = the same number

1. a) 5+0=5 5x1=5
b) 7+0=7 7x1=7
c) 9+0=9 9x1=9
d) 100+0=100 100x1=100
e) 34+0=34 34x1=34
f) 2,540=2,5 2,5x1=2,5
g) 0,1+0=0,1 0,1x1=0,1
2. a) b+0=b bx1=b b+0=bx1
b) dx1=d d+0=d dx1=d+0
c) exl=e e+0=e exl=e+0
3. b) 2(3+9) = c) 3+(4+8) =
2x3+2x9 (3+4)+8
d) 5(9-8) = e)9+12 = f) (2x5)x11 =
5x9-5x8 12+9 2x(5x11)
4, a) true
b) false because 5-4=1 and 4-5=-1
c) true
d) true
e) false because 8-(3-2) =8-1 =7 and (8-3)-2=5-2=3
f) true
5. a)a+c=c+a b)b+(c+a)=(b+c)+a c) a+0
2+8 = 8+2 5+(8+2)=(5+8)+2 =a
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10=10 5410 =13+2 =2
15=15
d) b(a+c) e) a(c-b) f) bx1
= bxa+bxc = axc-axb =
= 5x2+5x8 = 2x8-2x5 =
=10+40 =16-10
=50 =6
6.
Associative property of numbers (a+b)+c=a+(b+c)
Commutative property of numbers a+b=b+a
Distributive property of numbers a(b+c)=axb+axc
Zero as the identity of addition a+0=a

One as the identity of multiplication ax1=a
Worksheet 5

1. a) 4,8,12,16,20,24,28,32,36,40,44,48
b) 7,14,21,28,35,42,49,56,63,70,77,84
c) 5,10,15,20,25,30,35,40,45,50,55,60
d) 8,16,32,40,48,56,64,72,80,88,96
e) 2,4,6,8,10,12,14,16,18,20,22,24
f) 9,18,27,36,45,54,63,72,81,90,99,108

2. a) 5,10,15,20,25,30,35,40,45,50,55,60
10,20,30,40,50,60,70,80,90,100,110,120
LCM =10

b) 5,10,15,20,25,30,35,40,45,50,55,60
6,12,18,24,30,36,42,48,54,60,66,72
LCM =30

c) 90,180,270,360,450,540,630,720,810,900,990,1080
20,40,60,80,100,120,140,160,180,200,220,240

LCM = 180
3. a)2,4,6,8 b) 6,12,18
8 3,6

LCM=8 LCM=6
c) 3,9,12,15 d) 4,8
5,10,15 8
LCM=15 LCM=8

e) 70,140,210,280,350,420
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60, 120,180,240,300,360,420
LCM=420

f) 100,200,300,400,500

125,250,375,500
LCM=500
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Worksheet 6

A number is:

divisible by 8 if the number formed by the last three digits is divisible by 8
divisible by 3 if the sum of the digits is divisible by 3

divisible by 10 if the last digitis 0

divisible by 5 if the last digit is either 0 or 5

divisible by 4 the number formed by the last three digits is divisible by 4
divisible by 2 if the last digit is 0,2,4,6 or 8

divisible by 6 if it is divisible by 2 and it is divisible by 3

1.
2 3 4 10
a) 376 a i
b) 7232 i i
) 9050 0 0
d) 6312 0 a I
e) 2355 I

2. a) 12 is divisible by 1,2,3,4,6 and 12
b) 36 is divisible by 1,2,3,4,6,9,12 and 36
c) 42 is divisible by 1,2,3,6,7,14,21 and 42
d) 24 is divisible by 1,2,3,4,6,8,12 and 24
e) 64 is divisible by 1,2,4,8,16,32 and 64

3. a) 12 =1x12, 12=2x6, 12=3x4
b) 36 = 1x36, 36=2x18, 36=3x12, 36=4x9, 36=6x6
c) 42 = 1x42, 42=2x21 42=3x14 42=6x7
d) 24 = 1x24, 24=2x12 24=3x8, 24=4x6
e) 64 = 1x64, 64=2x32 64=4x16 64=8x8

4. The biggest factor times the smallest factor makes the number, the second biggest factor

times the second smallest factor makes the number and so on.

5. a) b)
i) 18: 1x18, 2x9, 3x6 i) 25: 1x25, 5x5
ii) 1,2,3,6,9,18 ii) 1,5,25

iii) these are the factors of 18 iii) these are the factors of 25

iv) Factors of 18 ={1,2,3,6,9} iv) Factors of 18 = {1,5,25}

c) i) 36: 1x36, 2x18, 3x12, 4x9, 6x6

ii) 1,2,3,4,6,9,12,18,36

iii) these are the factors of 36

iv) Factors of 36 ={1,2,3,4,6,9,12,18,36}

6. a) i) Factors of 8 are 1,2,4 and 8

Factors of 16 are 1,2,4,8 and 16
ii) The common factors are: 1,2,4 and 8
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iii) The highest common factor is 8

b) i) Factors of 3 are 1,3
Factors of 12 are 1,2,3,4 and 12
ii) The common factors are: 1 and 3
iii) The highest common factor is 3
c) i) Factors of 3 are 1,3
Factors of 9 are 1,3 and 9
ii) The common factors are: 1 and 3
iii) The highest common factor is 3
Common
Words Factors factors HCF
factors of 9 and
b) 9 and 12 factors of 12 1,3,9 1,3 3
1,2,3,4,6,12
factors of 4 and
c)4 and 28 factors of 28 1,2,4 1,2,4 4
1,2,4,7,14,28
factors of 12 and
d) 12 and 36 factors of 36 1,2,3,4,6,12 1,2,3,4,6,12 12
1,2,3,4,6,9,12,
18,36
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