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In this paper I will explore the various ways in which progression in the 
learning and teaching of Mathematical Literacy from Grade 10 to Grade 12 
is described in the National Curriculum Statement (NCS) and the 2008 
Subject Assessment Guidelines (SAG) for Mathematical Literacy1. I argue 
that three indicators of progression are outlined in these documents, namely 
mathematical content, complexity of context and problem solving processes. 
I conclude by reflecting on how I believe these indicators will affect the 
design and structure of the matriculation examination for Mathematical 
Literacy. 
 


INTRODUCTION 
For the past three years I have worked as the examiner for Mathematical 
Literacy for the Independent Examinations Board (IEB). In my capacity as 
examiner I have been responsible for setting a Grade 10 exemplar 
examination, a Grade 11 national examination, and the Grade 12 national 
matriculation examination. Throughout the process of setting these 
examinations, there is one issue that has continued to challenge my thinking 
about the structure of these examinations. This challenge has centred on how 
a Mathematical Literacy examination in Grade 12 should be different from 
an examination in Grade 10 or Grade 11. Teachers are also encountering this 
challenge in the classroom and some teachers have expressed uncertainty 
about how their teaching and assessment in Grade 12 should differ from their 
teaching and assessment in Grades 10 and 11. 
In the traditional subject Mathematics and now in Core Mathematics, the 
issue of progression is clearly defined by the nature and difficulty of the 
mathematical content being dealt with at each grade. Not so in Mathematical 
Literacy. Rather than having a clearly defined list of content that must be 
taught, Mathematical Literacy teachers are faced with Assessment Standards 


                                           
1 All references in this paper to “Assessment Standards” refer to the Core Assessment Standards outlined in 
the 2008 Subject Assessment Guidelines. My reasoning for this lies in the fact that the matriculation 
examination at the end of this year is based on the content/skills outlined in the Core Assessment Standards 
in the SAG document and not the entire curriculum as outlined in the NCS. 
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that on appearance provide only vague and limited guidelines. A classic 
example of this is Assessment Standard 12.1.1: 


Correctly apply problem-solving and calculation skills to situations and problems dealt 
with.(DoE, 2008, p.17) 


Another issue that has caused uncertainly about progression is that fact that 
from Grade 10 to Grade 11 and especially from Grade 11 to Grade 12, the 
quantity of new content that must be taught is relatively small. For example, 
the content listed in Assessment Standards 11.3.1 and 12.3.1 (which deal 
with Perimeter, Surface Area and Volume) is identical. (DoE, 2008, p.21)    
This begs the question that if progression and, teaching and learning at 
different grades in Mathematical Literacy are not determined purely by 
mathematical content, what distinguishes a Grade 10 Mathematical Literacy 
student from a Grade 12 student? To answer this question, in the next section 
I will explore how the NCS describes progression and how progression is 
outlined through the Core Assessment Standards in the SAG document. 
 


PROGRESSION IN THE NCS 
In reference to progression, the NCS states the following: 


 For Mathematical Literacy, the Assessment Standards do indicate progression from 
grade to grade. However, this progression is not markedly evident in some of the 
Assessment Standards. The complexity of the situation to be addressed in context, 
through using the mathematical knowledge and ways of thought available to the 
learner, is where the extent of the progression needs to be ensured (DoE, 2003, p38). 


By analysing this description and the Assessment Standards in the NCS and 
SAG document, I argue that there are three primary indicators of progression 
in Mathematical Literacy: mathematical content, complexity of context and 
problem solving processes.  
Before discussing each of these indicators in details, it is important to note 
that the section of the NCS that outlines the Assessment Standards for 
Mathematical Literacy has been deliberately structured to provide an 
indication of progression from one grade to the next. As the NCS description 
of progression suggests, “… the Assessment Standards do indicate 
progression from grade to grade” (DoE, 2003, p.38). This is achieved 
through the use of a common numbering system, for example 10.2.1, 11.2.1 
and 12.2.12, which indicates advancement in content and skills from Grade 
10 to 12 (DoE, 2008, p19). 


 
2 The first number indicates Grade, the second number the Learning Outcome and the third number the 
Assessment Standard. 







 
 
 
 
 
 
 
 
 
 
However, in certain Assessment Standards the use of this common 
numbering system is not sufficient enough to provide a clear indication of 
progression. It is in these situations that the indicators of mathematical 
content, especially of complexity of context and problem solving process are 
necessary to determine what and how teachers should be teaching at each 
grade.   
 


INDICATORS OF PROGRESSION − MATHEMATICAL CONTENT, 
COMPLEXITY OF CONTEXT AND PROBLEM SOLVING 
PROCESSES 
 
Mathematical Content 
In certain Assessment Standards, it is very clear what mathematical content 
is expected to be taught at Grade 10, Grade 11 and Grade 12. Assessment 
Standards 10.2.1, 11.2.1 and 12.2.1 (given above) are clear examples of this. 
In Grade 10 students are expected to substitute and solve equations; in Grade 
11 they are expected to solve two equations simultaneously; and in Grade 12 
they are expected to work with multiple equations in solving planning 
problems (Linear Programming). Similarly with Assessment standards 
10.2.3, 11.2.3 and 12.2.3 (below) where in Grade 10 students are expected to 
interpret and read information from graphs on positive axes only; in Grade 
11 students are expected to estimate from graphs on positive axes; and in 
Grade 12, interpretation of multiple graphs and graphs with negative values 
on the axes is required (DoE, 2008, p.20). 
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In such situations where the Assessment Standards are very specific about 
the mathematical content that must be taught at Grade 10, 11 and 12, 
progression is obvious and is determined by the difficulty of the 
mathematical content that must be taught at each grade.  
 
Complexity of Context 
Consider Assessment Standards 11.3.1 and 12.3.1 below (DoE, 2008, p.21): 
 
 
 
 
 
 
 
 
 
There is clearly no indication of progression in terms of mathematical 
content in the Assessment Standards since the content in both Assessment 
Standards is identical. How then must progression take place from Grade 11 
to Grade 12 when dealing with this particular content? 
The NCS provides an answer to this question when it states that although 
most of the Assessment Standards do indicate progression from grade to 
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grade, there are certain Assessment Standards where progression is not as 
evident, and in such situations,  


The complexity of the situation to be addressed in context, … , is where the extent of 
the progression needs to be ensured. (DoE, 2003, p38) 


In other words, progression from Grade 10 to Grade 12 is also defined in 
terms of the nature and difficulty of the real-life contexts in which students 
are required to answer questions and solve problems. 
 
To illustrate how this could be achieved in the classroom, consider the topic 
Linear Functions.  


 In Grade 10 students could be presented with the problem: 
 
The cost of a trip in a yellow taxi cab is R7,50 per kilometre. 


Draw a graph to represent the relationship between the cost of a taxi trip and the distance 
travelled in the taxi. 


    
 In Grade 11 students could be presented with the problem: 


 


The table below shows the tariffs for electricity consumption in the Johannesburg 
Municipality. (Source: City Power Johannesburg, Tariffs and Charges 2004/2005, p.8) 


 


 


 


 


 


Draw a graph to show the monthly cost of electricity consumption on the Life-Line 
system. 


 
 In Grade 12 students could be presented with the problem: 
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The table below shows the AA rates for determining the running costs of a car. 


Engine Capacity (cc) Fuel Maintenance 


 Petrol Factor Service and Repair Costs (cents) Tyre Costs (cents) 


 A B C 


<1300 7.91 16.90 6.02 


1301 - 1500 8.12 16.74 7.40 


1501 - 1800 9.43 17.61 10.42 


1801 - 2000 9.56 26.47 14.80 


Average Running Costs (c/km) = (A × current petrol price) + B + C 


Draw a graph to show the relationship between the running costs of a 1 300 cc car and 
the distance travelled by the car. 


 
In each of the three problems, the mathematical content dealt with is 
identical and the solutions to the problems are identical in structure – all 
three questions deal with linear graphs and each graph is represented by an 
equations of the form y = m × x.  
The Grade 12 task, however, is considerably more difficult than the Grade 10 
task. This is because the real-life context of calculating the running costs of a 
car is significantly more complex than calculating the cost of driving in a 
taxi-cab. Not only are there more variables to consider and more information 
to interpret, but multi-step calculations are required to arrive at the final 
answer. 
In situations where the Assessment Standards are unclear about the 
mathematical content or competencies that must be taught or in the absence 
of new content being introduced, progression may be defined in terms of the 
complexity of the real-life context encountered.      
 
Problem Solving Processes 
The NCS provides the following definition of Mathematical Literacy. 


Mathematical Literacy provides learners with an awareness and understanding of the 
role that mathematics plays in the modern world. Mathematical Literacy is a subject 
driven by life-related applications of mathematics. It enables learners to develop the 
ability and confidence to think numerically and spatially in order to interpret and 
critically analyse everyday situations and to solve problems. (My emphasis) (DoE, 
2003, p.9) 


This definition suggests that one of the key characteristics of a 
mathematically literate individual and one of the primary aims of the subject 







Mathematical Literacy is to develop in students the ability to identity and 
apply appropriate mathematical content and skills needed to solve problems 
that they may encounter in their daily lives. This sentiment is echoed by 
Brombacher who states “I claim that the purpose of the mathematics we 
teach in the Mathematical Literacy classroom – the mathematical knowledge 
and skills (content) is to help us to solve problems” (2007, p.15) and by 
OECD-PISA: “The extent of a person’s mathematical literacy is seen in the 
way he or she uses mathematical knowledge and skills in solving problems” 
(2003, p.30). OECD-PISA then refers to this process of using mathematics to 
solve real-life problems as “mathematisation” (2003, p.38) and highlight five 
steps in the process – starting with a problem in reality; identifying the 
relevant mathematics within the problem; gradually separating the real-life 
components of the problem from the mathematical components; solving the 
mathematical problem; and finally, making sense of the mathematical 
solution in terms of the real-life situation (2003, p.38).  
This strong focus on problem solving and on developing within students the 
ability to mathematise is reflected in the NCS and SAG in such Assessment 
Standards as 12.1.1, 12.2.2 and 12.4.5 (DoE, 2008, p.17, 19, 25). 
 
 
 
 
 
 
 
It is important to note that in most instances the Assessment Standards that 
refer specifically to problem solving processes do so at a Grade 12 level. 
This suggests two things. Firstly, that one of the key distinctions between a 
Grade 12 Mathematical Literacy student and a Grade 10 or Grade 11 student 
is the extent to which the student is able to employ problem solving 
processes through the application of mathematical content and competencies. 
Secondly, there is recognition that the ability to problem solve is something 
that must be nurtured, developed and taught from Grade 10 to Grade 12 and 
is not something that students can simply learn how to do on their own.  
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IMPLICATIONS FOR TEACHING AND LEARNING 
MATHEMATICAL LITERACY  
 
This emphasis on the need for the development of problem solving processes 
has important implications for how I believe the subject should be taught at 
each grade.  
In Grade 12, primary focus in the classroom should be on exposing students 
to various real-life contexts in which the students are required to identify and 
utilise mathematical content and competencies from across the curriculum to 
solve problems in both familiar and unfamiliar contexts. For this to be 
possible, primary focus in Grades 10 and 11 must be on the learning, 
consolidation and development of key mathematical concepts and essential 
competencies. In order to facilitate the development of problem solving 
skills, though, it is also important that in Grade 10 and Grade 11 students are 
gradually exposed to tasks and lessons in which there is application of 
knowledge and competencies. 
I illustrate this suggested approach below3: 
 


Grade 10 


 
 
 
 
 
 
 
 
 
 
 


 


In Grade 10 primary focus is on teaching 
specific mathematical content and 
competencies, and the application of that 
content and competencies to a variety of 
different contexts. This will help students to 
develop an understanding of how a single 
skills or content can be used to solve 
problems in a variety of situations. 


 


Context 


Content/ 
skills Context


Context
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3 Graven and Venkat have identified four main pedagogic “agendas” that teachers are employing in the 
teaching of Mathematical Literacy − context driven, content and content driven, mainly content driven, and 
purely content driven. They also propose that “that the second agenda (content and context driven) is the 
one that should be predominantly pursued over the FET band” (2007, p.343). The suggested learning and 
teaching approach to Mathematical illustrated above is consistent with this proposal. 







 


Grade 11 


 


 


 


 


 


 


 
In Grade 11 there is a dual focus: 
Primary focus is still on learning and consolidation of essential 
mathematical content and competencies, and the application of content 
and use of skills in a variety of contexts. 
There is a secondary focus on the exposing students in a limited way to 
contexts in which they are required to utilise several strands of content or 
skills to solve problems. In other words, there is move towards teaching 
students how to combine knowledge and skills to problem solve.   


 


Grade 12 


 


 


 


 


 


 


In Grade 12 there is still a dual focus, but primary focus is now on 
exposing students to a variety of problem solving scenarios in which use 
of several content strands and competencies are needed to solve problems; 
secondary focus is on the learning of new and consolidation of old content 
and competencies.   


Conte
skills 


nt/


Context


Conte
skills 
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Content/
skills 


Context


Context


Context


+


Conte
skills 
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IMPLICATIONS FOR THE STRUCTURE OF THE 2008 
MATRICULATION EXAMINATION 
Given that progression from grade to grade in Mathematical Literacy is 
defined by mathematical content, complexity of context and problem solving 
processes, it is inevitable that the matriculation examination will include 
focus of these three components. As such, there will be questions in the 
examination that assess specific mathematical concepts, knowledge and 
competencies – for example, calculating percentages or working with 
equations. Many of these questions will fall in Paper 1 – the “Basic Skills” 
paper. There will also be questions in which primary focus will be on the 
students’ ability to interpret and work in (unfamiliar) real-life contexts, 
where, in keeping with the reality of solving problems in daily life, the 
“mathematics is subordinated to the goals and contexts of the everyday” 
(Christiansen, 2007, 96). Finally, and most importantly in meeting the goals 
and purpose of Mathematical Literacy, there will be questions that test the 
students’ ability to problem solve and to mathematise – to apply content 
knowledge and competencies from across the curriculum to solve problems 
in both familiar and unfamiliar contexts. Many of these questions will fall 
into Paper 2 – the “Applications” paper.  
 


CONCLUSION 
Progression of teaching and learning in Mathematical Literacy from one 
grade to the next is considerably more intricate than in Core Mathematics, 
where progression is defined largely by the nature and difficulty of the 
mathematical content being taught. In Mathematical Literacy, progression 
occurs on three different levels – through new mathematical content 
introduced at each grade, through contexts becoming more complex, and 
through the development of problem solving abilities. I have argued that 
these indicators will affect the structure and focus of the matriculation 
examination and have suggested a proposed approach to learning and 
teaching at each grade in order to prepare students to meet the goals of the 
subject and for the demands of the matriculation examination. 
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In making the transition from arithmetic to algebra students encounter 
continuities and discontinuities in the way in which the two branches of 
mathematics function. In this paper it is argued that how they adapt to this 
transition has implications for how they will learn pre calculus and calculus 
topics at tertiary level. Notions such as troublesome knowledge and 
threshold concepts are incorporated to uncover the area of transition which 
is most problematic. The suggestion is made that students require a 
psychological shift to make the transition to more abstract ways of thinking 
about mathematics more successful. It is argued that student comfort with 
arithmetic rules act both as an aid and as a barrier to learning algebra and 
that this disjuncture influences their ability and psychological preparedness 
to conceptualise and work with pre calculus and calculus topics.  
 


INTRODUCTION 
There are a number of factors which directly and indirectly impact on a 
student’s ability and willingness to enter the world of abstraction, which is 
much of what their mathematics experience consist of. These factors 
intertwine, making it hard to unravel the myriad of “errors”1 which are 
present in, say, a student’s examination or test script or in discussion in a 
class.  By making use of a textual analytic method2 which seeks to uncover 
patterns in the student’s mathematics profile3, that is, in the sum of 
mathematical achievement of the student to date, it becomes more possible to 
uncover some of these factors and reflect upon them.  
An obvious factor is the student’s mathematical achievement in arithmetic. It 
is shown in the analysis of the data that, in some cases, topics in arithmetic 
have not been completed, that the mathematical achievement in, say, 
fractions, have not gone far enough or deep enough, in so far as this is 


                                           
1 The use of “errors” is often used in a deficit model of the student. Though it is often unavoidable (an error 
is an error), within this kind of debate the use of  the term “error” can present a certain view and is best 
avoided in the paper. 
2 See Jacobs, MS (2007). 
3 ibid 



mailto:JacobsMS@cput.ac.za





revealed in the entry level setting4. Another factor is in the transition from 
arithmetic to algebra. There are factors to do with the psychological 
influence on student learning, such as the learning of new concepts, 
motivation to learn, retention and so on. For topics which build on school 
algebra, for example pre calculus topics, it is argued that student patterns of 
learning and adoption of safe methods to “arrive at answers” act as major 
barriers to learning these new topics and to growing in mathematical 
confidence and understanding. 
 
Background 
The three stages of algebra and threshold concepts 
The three stages through which algebra has passed are: rhetorical, 
syncopated and symbolic (Katz, (1993), Harper (1987) & Kieran (1991). In 
the rhetorical phase there is no use of symbols, only words to describe 
processes; in the syncopated phase of algebra letters are used to represent 
unknowns, that is the letters “stand for” some value or other, as in the 
equation: 
 
    where the unknown stands in place of the number 4. 117 =+x


The third phase of algebra introduced the use of letters which have “value” 
the same as number, but was not interchanged with numbers as, say, the “x” 
in the equation above.  The idea that a letter could have a value and was not 
“in place of” a number provided a shift in thinking which, it is claimed, 
influenced the development of algebra (Harper, 1987, p. 78).  
In making the transition from the rhetorical stage to the syncopated stage of 
algebra the context that is commonly assumed is the student’s familiarity 
with arithmetic. Thus, for example, we make use of the student’s familiarity 
with the equation  1174 =+   
to create a situation where 4 is unknown as shown above. This may start off 
with a “word” description but is soon replaced by a letter representing the 
unknown value. Thus the transition from stage one to two in algebra is dealt 
with over a fairly short period of time in school. In a sense, it is because of 
the correspondence between algebra and arithmetic, where this is applicable 
that this transition is reasonably easy. It is, however, because of certain rules 
of algebra which do not correspond with rules in arithmetic that the 
discontinuities arise (Kieran, 1991). For example, the equation sign does not 
necessarily announce a result; it could be part of an identity or express 


                                           


 
 


227
4 It could be argued that one’s mathematical achievement is never complete. 
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symmetry. Similarly, letters in algebra can have multiple meanings. The 
notion that students can “think aloud” when writing down steps in a 
procedure may be over looked in an arithmetic context but is detrimental in 
an algebra context5(ibid). Examples from student data below further 
illustrate thi
One of the central issues in making the shift from arithmetic to algebra 
appears to be willingness to risk, that is, it is argued that it is essentially a 
psychological issue. The challenge is to persuade the student that it is 
permissible to “let go” the comfort that the knowledge of working with 
arithmetic brings and to venture into unknown territory. The extent to which 
we as educators are prepared to persuade our students to let go is part of the 
dilemma. And part of the uncertainty that abound around this phase of 
mathematical development is because much of the transition from arithmetic 
to algebra seems to work well. There is no doubt, however, that there is a 
schism which develops during this transition and that for some students that 
schism is traumatic and few recover. Uneven developments accompany the 
student in her trajectory6. At the tertiary entry level one has the benefit of 
being able to look back over the school history of said student and ‘see’ the 
trajectory. 
It may be helpful to consider the work of Meyer and Land (2003), who 
introduced the notion of a threshold concept which sits at the cusp of 
troublesome knowledge as a way to explain this kind of transition. A key 
threshold concept for entry level mathematics students to grasp in calculus, 
for example, is the chain rule. In terms of  the trajectory of mathematical 
knowledge that has led to this rule we would have to look at functions, 
especially composite functions, and that often is preceded by algebraic 
equations, substitutions, and so on all the way back to the entry point of our 
discussion, the transition from arithmetic to algebra, especially to the third 
stage. It can be argued that the transition to the third stage has an importance 
beyond its immediate relevance in the school mathematics curriculum. Also, 
it can be argued that the adoption and acceptance of a way of thinking in 
mathematics which moves beyond numerical solutions to problems has 
implications for learning mathematics beyond algebra. Research shows that 
students find difficulty with algebra, especially when thinking about letters 
as abstract (Küchemann (1981), Booth, 1984), that moving beyond seeing 
the letter as an unknown is problematic. This conflict has been called 
troublesome knowledge elsewhere (Meyer and Land (2003) quoting Perkins 


 
5 Although I have argued elsewhere for a broader contextual approach to assessment as part of a 
developmental process to making students more aware of the need for discipline in writing their thoughts 
down in mathematical format.. (see Jacobs, 2007) 
6 Until they are corrected, if at all 
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(1999).  Troublesome knowledge can be thought of as that which appears 
‘counter-intuitive, alien (emanating from another culture or discourse), or 
incoherent.” (Meyer and Land, ibid, p. 5). Conceptually difficult knowledge, 
such as that encountered in mathematics is “encountered as troublesome” 
(ibid). It is within such a context (students encountering difficult knowledge) 
that the notion of a threshold concept takes hold: this is a concept which is 
like  


a portal, opening up a new and previously inaccessible way of thinking about 
something. It represents a transformed way of understanding, or interpreting, or 
viewing something without which the learner cannot progress (ibid, p. 1).  


That the learner cannot progress is not evident within our schooling system: 
in most school situations learners do progress through the school grades but 
in terms of making the intellectual shift which Meyer and Land talk about, 
this is more evident in the breach. School curricula and assessment practices 
allow for progression, especially if the emphasis in on the routine, rote 
learning approaches common of pre-outcomes based practices7, thus 
enabling the student to paper over conceptual “gaps”. Mismatches between 
aims and practices in mathematics have been well documented (see 
Romberg, 2003). So, too, teachers’ resistance to change their practices to 
create environments in which it is easier for students to engage more directly 
with conceptual challenges and changes have been described (Romberg, 
2003; Thompson, 1984). The characteristics of the “machine age” persists: 
routinisation of basic skills and standardized testing as part of a means of 
social control, under conditions which have as their central tenet the 
reduction, analysis and mechanism pillars (Romberg, 2003).  
The notion of a threshold concept, then, would be a concept which opens a 
door which allows the student to visualize and interpret and therefore 
understand a whole new body of mathematical knowledge in ways which 
have not been possible before. Meyer and Land make another important 
point: once the student has made this shift in thinking, there is no going back 
to how the student thought about things before. (Meyer and Land, 2003). 
One such a concept, in terms of how students maintain what I would argue is 
a psychological hold on knowledge learnt before and “won’t let go” is in the 
use of the distributive law, which begins in arithmetic, transfers reasonably 
comfortably to algebra but breaks down with functions, especially pre-
calculus topics such as trigonometry, logarithm and so on.. That to the 
mathematics person (teacher, peer, mathematician) who knows, this is 
obvious, but to the student this is not necessarily so. The fact that this 
breakdown can be “explained” in terms of didactics or “improved” with 


 
7 This article is silent on current practices  which have successfully overturned historical legacies of routine 
delivery of content and assessment.  
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better education (constructivism) does not belie its existence in the student’s 
mind, as evidenced on paper.  
 
In summary, at an early stage of the transition from arithmetic ways of doing 
and thinking about mathematics to algebraic ways of doing and thinking 
about mathematics, a barrier is encountered 8 which students struggle to 
cross. That arithmetic is both a bridge and an obstacle, as shown in the 
overview study by Kieran (1991). Difficulties students encounter in their 
development in mathematics can often be linked to this phase of their 
development.   
 


METHODOLOGY AND DATA 
The data are student produced scripts in tests and examinations and can be 
characterized as general sample data in that, for the purposes of the paper a 
method of textual analysis is demonstrated which is applicable to similar 
data elsewhere, without the strict need for uniform context.   The data is of 
individual students, each with a body of knowledge of mathematics (content 
and procedures) which reveal inconsistencies and examples of conceptual 
conflation, in which concepts are interchanged at random without regard for 
their meaning.  The source of these conflations can be traced in a parallel 
way to how psychologists “trace” the source of trauma in a patient’s history 
or an archeologist unearths a history of a place through a study of its 
deposits. The idea that one looks for evidence of cognitive development in 
output is supported elsewhere: 


 It is not possible to observe directly any of a subject’s schemas or their objects and 
processes. We can only infer them from our observations of individuals who may or 
may not bring them to bear on problems – situations in which the subject is seeking a 
solution or trying to understand a phenomenon. (Dubinsky, 1991) 


Because the dominant characteristic of the problems the students respond to 
is that they are routine and procedural, the description of their cognition is 
limited. Nonetheless, the methodology of textual analysis and the way in 
which problems are dissected provide a route into the cognitive patterns of 
the students’ thought.   


 
8 There are surely more than one barrier but I am concerned with the transition to the various stages in 
algebra.  







 
The data 


Task 1: The task is to simplify the expression
9loglog
9loglog


81
1
81
1


−
+ .  


In the first case (figure 1) the student uses the laws of log addition and 
subtraction properly (lines 1 -5), then “cancels” the “log” in the denominator 
and numerator (line 6).  
 
Discussion: The student does not appear to understand and appreciate the 
definition of a logarithm. It can be argued that the student has not 
internalised this concept, despite showing his understanding of the technique 
in using the addition and subtraction laws. Why cancel the letters: log? In 
terms of my argument in the paper, those three letters invoke rules about 
simplification in algebra, where the letters are objects. In the absence of 
meaning, techniques become the safe way. 


 


Line1 
 2 
 
3 
 
4 
 
5 
6 
 
7 


Figure 1 


figure 1 
In the second case (figure 2), the student has separated the two calculations, 
numerator and denominator, and determined the correct answers to both 


(lines 1 – 4). Note that her b involves the division  1


2


9
9log
−


 which she 


performed correctly.  Then she brought those two results together, dividing 
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the one by the other in correct order (line 5). Then, her knowledge of logs is 
challenged by the division in line 5. invoking the earlier division under b she 
ends up treating this division as if the terms are exponents (line 6) as the 
“log” in the numerator and denominator is temporarily ignored: 


231
3


1


99
9
9


== +−
−


−


. Then “log” (only one) is restored. In this sense the “logs” are 


treated as a common base would be when simplifying exponents. Or is this 
simply a case of using the subtraction rule of logs wrongly? From one 
perspective there would appear to be a conflation of concepts. Again it can 
be argued that the concept of logarithm has not been consolidated. What is 
interesting is the seemingly automatic referral to previous knowledge. This 
may be a feature of a routinised, drill form of learning.  
 
In the third case (figure 3) , recognition of a common term ( 81


1log ) in the 
numerator and denominator leads to cancellation of that term through 
division. What is the source for this action? In the student’s background 
there are arithmetic problems of the kind: =


+
−


35
25 ?  or 


3)25(
6)25(


−−
+− = ?  ; in 


algebra one can get : 
3
2


+
−


a
a  or even 


4)2(
6)2(


−−
+−


x
x  and so on. In none of these is 


cancellation of the common parts of the terms in the numerator and 
denominator allowed. One question must concern whether the student has 
consolidated this understanding. If so then one would have to look at the 
topic “logarithms” itself for explanation.9 
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9 I’m aware of the extent of speculation, but I am trying to keep such speculation within the bounds of the 
ideas expressed at the introduction. No doubt an interview will illuminate much – I comment on this in the 
conclusion section.  
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Task 2: the task is to determine )sin2cos( 3


21−  without the use of a calculator. 
In the example provided (figure 4) the student has given a very good 
solution, but has come unstuck at one of the identities of the cosine function, 
namely the double angle:  . The question that the student 
faced was what to do with  


θθθ 22 sincos2cos −=
θ4cos  knowing the rule for θ2cos . This kind of 


problem, namely how to vary a known identity or rule written in symbolic 
language, is what I would call a general category problem: it cuts across 
topics and even grades or levels. Perhaps it sits at the core of the essential 
problem that I have tried to uncover: the student’s preparedness to make the 
psychological shift to a new form of thinking. It is clear from the solution 
provided by the student in figure 4 that she understands quite a lot of what is 
required:  


a. she has substituted the inverse function with a symbol, θ  (line 2) 
b. she has correctly established the ratio for θsin  and constructed a 


triangle of values based on it (lines 2-5, right hand side) 
c. she has correctly inserted values for θsin  in her formula for the 


identity of  θ4cos  (line 5). 
d. she has correctly calculated her final answer based on her substitutions 


(lines 6 – 9) 
It is, however, in the variation of the identity from  θ2cos  to θ4cos  (lines 2 – 
4) that we can uncover other aspects of her mathematical achievement. There 
are possibly three conceptual areas being conflated, as well as the intention 
to “get to an answer”, which has been characterized as a discontinuity in the 
transition from arithmetic to algebra (Kieran, 1991, p. 98-100): 


a. The student applies the algebraic distributive law to )22(cos θθ +  
(implied in the process from line 3 to 4, where the identity for  θ2cos  
has already been applied. 


b. The student did  not apply the compound angle formula (given that the 
structure of )22(cos θθ +  invoked a distributive law reaction)  


c. The student did not interpret the identity for the cosine double angle as 
θ4 equals double θ2 but seemed stuck on θ2  as the double angle in the 


formula. This could be characterized as interpreting the letter as an 
object: the presence of the θ2  in the formula in the notes becomes 
fixed in the student’s interpretation of the cosine double angle; the 
student can only use that formula if the θ2  is present: the θ2  has 
become an object. Consequently the symbolic significance of using 
θ2  to signify double an angle (as opposed to an unknown angle 


interchanged by θ ) is lost on the student in this example.  
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CONCLUSION 
Students’ mathematical developments undergo transitions as they move 
through stages in school and tertiary level. One of these is the transition from 
arithmetic to algebra. In this paper it has been suggested that where these 
transitions are incomplete it can be shown through a process of textual 
analysis how a student’s trajectory has possibly glossed over aspects of a 
certain stage. It is argued that the transition to the symbolic stage in algebra 
is an example of a transition which creates troublesome knowledge and 
requires the understanding of certain threshold concepts, present in this 
phase to allow the student to progress to new levels.    
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FACILITATING THE TEACHING OF AREA IN PRIMARY 
SCHOOL MATHEMATICS: CREATING AN ECOLOGY FOR 


LEARNING 
 


Nirendran Naidoo & Dr R. Naidoo 
Durban University of Technology 


 
Mathematics in South African primary schools has come under increasing scrutiny 
due to poor results in higher education. The assertion is that learners are not being 
provided with a solid foundation in their formative years. The latter is attributed 
largely to the dearth of qualified mathematics educators. The researchers 
attempted to address this issue by making the teaching/learning of mathematics 
‘teacher and learner friendly’ through the utilization of technology enhanced 
learning within a Viable System Model. The use of innovative computer 
technology, by an unqualified Mathematics educator, to teach the concept of area 
in a grade four class proved to be more effective than conventional methods 
employed by the same educator in a different grade four class. 
 
BACKGROUND 
 
Poor results in Mathematics at South African higher education institutions have 
been at the centre of academic debate. Statistics reveal that of the 1.7 million 
learners enrolled in public schools for grade 1 in 1995 only 500 000 reached grade 
12 in 2006, and of those only 25 000 got mathematics exemptions (Hazelhurst, 
2007).  One of the results of a study on first year university students’ 
understanding of elementary calculus at the Durban University of Technology 
revealed that students did not have a basic understanding of the concepts of area, 
perimeter and volume (Naidoo, 1998). It has been asserted that learners who 
struggle with mathematics do not have an understanding of fundamental concepts 
that ought to have been in place at elementary level (Daniels, 2007). In addition, 
the 2006 Department of Education Systemic Evaluation Report revealed that 8 in 
10 children were not achieving in mathematics, with achieving, in this instance, 
referring to attaining 50% or more in a grade 6 assessment task (Pandor, 2006). 
This supports the theory that the reasons for the lack of performance at higher 
institutions lay in the poor foundations acquired at primary school level. This in 
turn has been attributed to the dire shortage of qualified mathematics educators and 
the phenomenon of mathematics being taught mostly by educators who are not 
qualified to teach it (Daniels, 2007).  Only 15% of mathematics educators are 
qualified and only one mathematics educator was produced by the University of 
Witwatersrand in 2005 (Hazelhurst, 2007). Exacerbating the situation is the 
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escalating need for mathematics educators and the fact that the number of qualified 
mathematics educators is nowhere near the goal set by the Department of 
Education (Newman, 2007). The aforementioned statements and statistics reveal 
that the solution to addressing the dire shortage of suitably qualified mathematics 
educators would entail a long term project conducted by the Department of 
Education and the various stakeholders in education. In order to address the 
problem in the short term the researcher attempted to devise a method of teaching 
mathematics designed to facilitate the task of unqualified/under qualified 
educators.  
 
The concept ‘area’ as a teaching/learning aspect was selected for a number of 
reasons. Firstly, educators often found that learners had difficulty with it. This may 
be attributed to misconceptions, confusing area with perimeter, or a total lack of 
knowledge of the concept (Leung, 2001). In addition, understanding how the 
concept of area is used in everyday life becomes difficult for learners to grasp 
(Hernandez, 2008). Thirdly, as mentioned in the first paragraph, a study on first 
year university students’ understanding of elementary calculus at the Durban 
University of Technology revealed that students did not have a basic understanding 
of the concept of area (Naidoo, 1998).  Finally, knowledge of shapes and their 
measurements plays an important role in determining the foundations of 
mathematical thinking in a child. Spatial thinking is integral to making sense of 
problems and in representing mathematics in different forms such as diagrams and 
graphs (Owens and Perry, 2007). 
 
The use of technology enhanced learning is an essential component of this study. 
The advantages of technology enhanced learning are well documented and there 
exists a plethora of research into the effectiveness of this learning medium and the 
manner that it can be implemented (Karuppan, 2001). However, in order to 
dovetail it into the significance of this study a few aspects require elaboration. 
Firstly, the hardware and software being utilized require minimal technical 
knowledge by the educator and learner thus contributing to ease of use and focus 
on the mathematical aspects of the lessons. Secondly, considering the financial 
state of public schools, the hardware requirements are relatively inexpensive and 
the software comprises freeware and programs available free of charge as part of 
the Microsoft Schools Agreement. Thirdly, the software, VNC Viewer 4 and 
AutoScreen Recorder, facilitate collaboration, lesson presentation and evaluation 
and assessment of learners’ work. Internet access to the researcher’s website 
enables learners to download templates and resources which in turn lessen the 
preparation for the educator (Naidoo, 2008). This is important for this study as it 
contributes to enhancing the ability of unqualified/under-qualified mathematics 
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educators to effectively teach their lessons. Furthermore, the utilization of 
technology in the context of the model employed in this study, addresses the issue 
of high learner numbers in classrooms which are a feature of South African 
schools.  Finally, the technology enhanced learning environment is an integral 
element of the adaptation of the Viable System Model proposed in this study. 
 
THEORETICAL FRAMEWORK 
 
This study proposes an adaptation of the Viable System Model postulated by 
Stafford Beer (Beer, 1981). Stafford Beer is one of the proponents of cybernetics 
which investigates the underlying laws which govern how organisms, machines 
and organizations maintain their identity, and accomplish their purposes within 
their environment. Cybernetics claims that there are underlying laws which apply 
equally to the manner in which the nervous system of an animal maintains control 
over its actions, to the way in which a species maintains itself within its ecosystem, 
and to how a corporation maintains its existence in its marketplace (Hilder, 1995). 
Effective organizations should maximize the freedom of their participants, within 
the practical constraints of the requirement for those organizations to fulfil their 
purpose. The Viable System Model expresses a model for a viable system, which is 
an abstracted cybernetic description that is applicable to any organisation that is a 
viable system (Figure 1).  
 


 
 


Figure 1: Viable System Model (Cwarel Isaf Institute, 2002) 
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Furthermore it is organised in such a way as to meet the demands of surviving in 
the changing environment. One of the prime features of systems that survive is that 
they are adaptable (Green, 2008). The adaptable nature of this model lends itself to 
being utilised in the teaching/learning of mathematics in a school environment. 
Furthermore this model recognises that environmental factors have an influence on 
performance. This is intrinsically linked to the belief that environmental factors 
affect the mathematical performance of learners (Papert, 1980). In addition, the 
Viable System Model is  
 


intended to act as an aid to the process of diagnosis of organizational 
problems, and the subsequent process of organizational re-design. The 
redesigning process should use technology, particularly information 
technology, to assist in providing organizations with a nervous system which 
supports their aims, without the burden of bureaucracy (Hilder, 1995: 2).   


 
The latter assertion augments the utilisation of technology enhanced learning 
within the constraints of the model. Of utmost importance is the organismic nature 
of the Viable System Model. The goal that is pursued is the boosting of 
intelligence. The contribution the individual makes is of major significance. 
Between the ‘base’ and the ‘apex’ there are systematic recursions to give a balance 
between the levels of the hierarchy. Instead of a command and censure hierarchy 
an ordered pattern to the supply of the information that is needed for effectiveness 
at all levels of an organization is formed. All the aspects of the world outside the 
organization and with which it interacts are integrated because they have an effect 
on what happens to the organization and what opportunities it has (Cwarel Isaf 
Institute, 2002).  
 
The table below compares the functional structure of the Ecology Learning Model 
which has been adapted from the Viable System Model for the purposes of this 
study, with Stafford Beer’s Viable System Model (Table 1). 
 
ECOLOGY LEARNING MODEL (ELM) VIABLE SYSTEM MODEL (VSM) 
Preparation Operations 
Co-ordination  Co-ordination 
Presentation Optimisation 
Development Development 
Evaluation and Assessment Valuation 


Table 1: Comparison of the Ecology Learning Model and the Viable System 
Model 


135 
 







 
A detailed explanation of the Ecology Learning Model and its application in the 
teaching and learning of mathematics through the medium of technology enhanced 
learning is depicted in the following illustration (Figure 2). Throughout the 
learning process continuous evaluation occurs. This is facilitated by variety 
amplifiers which increase the learners’ and educator’s influence over the 
environment by providing them with opportunities to filter out the relevant from 
the irrelevant through collaboration with each other (Hilder, 1995). 
 
 


Variety Amplifier  
Figure 2: Ecology Learning Model 


 
 
 
LITERATURE REVIEW 
 
The Viable System Model upon which the Ecology Learning Model in this study is 
based has been widely accepted for its adaptability to a variety of systems and 
organizations. However some theorists also believe that it has some shortcomings. 
This review will examine both points of view.  
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The Viable System Model has been touted as highly successful in a study 
conducted at elementary school level in The United States.  
 


The use of the model appears to have a positive impact on the use of 
technology among teachers – both in their technology skills and their 
teaching with technology. It is likely that this model would meet with 
success in other K-12 settings. The model employs a system, which is robust 
to the changing needs of teachers as they learn to integrate technology. This 
model systematically addresses the barriers that are unique to each given 
technology integration effort and designs teacher-oriented strategies for 
managing and overcoming the negative impact of those barriers. Such a 
model is a valuable tool for researchers, administrators, and teachers 
interested in using technology to improve the learning of students (Kopcha 
et al, 2007). 


 
Furthermore Hilder (1995) espouses the point that the Viable System Model 
provides a notation which can be applied by non-mathematicians to help them 
understand and apply the model. This is of value to this study and the South 
African schooling context in that the problem of unqualified/under-qualified 
mathematics educators is being addressed. 
 
Liber (2006), an expert in the study of the Viable System Model and Cybernetics 
postulates that the former challenges the education system to re-think its role, and 
to re-design its mechanisms to embrace the changes in the social use of 
technology. This is in line with the Ecology Learning Model which attempts to do 
this through the teaching of mathematics. 
 
In addition, various studies in Australia have espoused the system model due its 
integral relationship with information technology. They postulate that schools must 
be responsive to the new demands of technology, to match the needs of learners, 
and to look at learning in new ways (e.g. multidimensional and not linear 
approaches in learning). They further state that schools as institutions have primary 
responsibility for preparing students to succeed in this increasingly complex world 
(Australian Council of Deans of Education Inc., 2003; Queensland Government, 
2002; James, 2001; Kerry, 2000).  
 
An example of a theorist who finds shortcomings with the Viable System Model is 
Rivett (1977) who is of the opinion that Beer does not exactly show how to 
measure variety and how to operationalise the concept as to make it a useful 
measure. This goes along with critic voiced by others that Beer's work often does 
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lack scientific rigor.  Furthermore Harnden (1989) postulates that the Viable 
System Model as a cybernetic theory is so general that it will be hard to test it 
according to hypothetico-deductive logic (falsification), as it will always apply to a 
system if the observer tries to match observed system and the Viable System 
Model. Therefore he sees it as an interpretive framework. However for the 
purposes of this study the latter point is a strength of the model. In addition, 
although the 'muddyness' and 'fuzziness' of the typical diagrammatic convention of 
the Viable System Model is reportedly intended by Beer, others argue that a more 
formal specification and notation would help in applying the Viable System Model 
in practice (Anderton, 1989). 
 
The literature review is of particular significance to the Ecology Learning Model. 
The studies and theorists that postulate the advantages of the Viable System Model 
from which it is adapted, serve to confirm its suitability to the teaching of 
mathematics in the schooling system. Of significant interest is that the weaknesses 
espoused by detractors of the model actually serve as positive points for the 
Ecology Learning Model because of its interpretive and adaptive nature. 


 
METHODOLOGY 
 
Following is an indication of, and justification for the methodology used in this 
study. 
 
Research Approach 
 
This study utilized both qualitative and quantitative aspects. The qualitative 
approach enabled a better understanding of the experiences, opinions and 
perceptions of participants. This is qualified by the view that the qualitative 
research approach elicits participant reports of meaning, experiences or perceptions 
(McRoy, 1995 as cited by Fouche and Delport, 2002). In other words the key 
feature is to understand the phenomenon from the participant’s experience. The 
emphasis was on the interpretative paradigm. 
 
The quantitative approach was used due to utilisation of certain statistical methods. 
These included frequency counts and the use of tables and graphs to illustrate 
averages, distribution of scores and difference. In the qualitative research design a 
case study methodology was used to gain in depth understanding of the perceptions 
and experiences of learners in their interaction with the Ecology Learning Model. 
Stake (1995), as cited by Creswell (2003) and Merriam (1998), provides more 
detail with regard to the use of case studies by suggesting that case studies allow 
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for in depth exploration of an event, an activity, a process, an individual or a group 
of individuals. At the same time a control group was established. The control group 
consisted of forty Grade four learners who were exposed to traditional teaching 
methods as far as the learning of area was concerned. The experimental group 
consisted of forty Grade four learners who also studied area, but they used the 
Ecology Learning Model. Using a control group allows the researcher to control 
for the effects of the experiment itself (Babbie, 1989: 215). In simple terms the 
control group also provides a yardstick to measure the success or failure of the 
experiment. In addition to the above, detailed information was collected through 
the use of a variety of procedures. Through the use of the data collection 
procedures which were the questionnaires, the activities on area and the recordings 
gleaned from the AutoScreen Recorder the researcher was able to increase validity 
of this research. What this means is that through the triangulation of these research 
strategies cross-validation was achieved. “Triangulation is part of data collection 
that cuts across two or more techniques or sources. Essentially, it is qualitative 
cross-validation” (Wiersma, 1991: 233). Furthermore the researcher was also able 
to gather further data on the actual thought processes used by learners through the 
use of a computer program called VNC Viewer 4 which enabled the researcher to 
remotely access the learners’ computers while they were doing their activities.  
 
Two questionnaires were used to collect data on participants’ perceptions and 
experiences. The first questionnaire was directed at the learners in the experimental 
group. The respondents for the second questionnaire were the learners in the 
control group.  The researcher opted for the use of the questionnaire because it has 
less bias possibilities. This is because the researcher is less likely to influence the 
responses of the subjects, for example by asking questions in a particular tone 
which may lead the respondent towards a particular line of thought. The 
questionnaires therefore ensured anonymity, were cost effective and permitted data 
collection from a large sample (Gay, 1992). In spite of the advantages of the 
questionnaire as outlined above, the researcher was aware of its inherent 
limitations which included the respondents being unable to clarify issues when 
completing the questionnaire. This was because the researcher could not, “face-to-
face”, probe the respondent to clarify issues. 
 
Sampling 
 
Purposive sampling was used to select the research site. This sampling method was 
used because the sample was likely to provide information-rich data about the 
phenomena being investigated (White, 2003). Due to the nature of the research the 
selected school had to meet certain criteria. These criteria were: 
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 A fully networked computer laboratory with at least 40 computers. 
 A server to handle the appropriate software. 
 Internet access. 


 
The participants were selected through a process of purposive sampling. The 
sample was composed of elements which contained the most characteristic and 
representative attributes of the learner population (McMillan and Schumacher, 
1997). Age was not a significant factor in the sampling process due to the 
participants being in the same Grade. It follows naturally that learners in Grade 
four would fall in the 9-10 year age group.  However the researcher had to ensure 
that there was fair representation as far as gender was concerned as studies have 
shown that there is a discrepancy in performance in mathematics between boys and 
girls (The Annual Report of Her Majesty's Chief Inspector of Schools, 2005). 
 
FINDINGS AND DISCUSSION 
 
The findings of this study are based on the analysis of the activities on area of 
rectangles, parallelograms and triangles, and the questionnaires. The experimental 
group used computer technology including the use of grids in Microsoft Word, 
while the control group used grid paper in a conventional classroom. The results 
are presented in 2 parts: A summary of the Activities and the Questionnaires in the 
form of a comparison between the experimental and control groups.  
 
Activities 
 
a.  Calculating the area of a rectangle: 
Thirty three (82.5%) learners in the experimental group and thirty four (85%) 
learners in the control group successfully calculated the area of rectangles. This is 
illustrated in graph 1. 
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Graph 1: Calculation of area of a rectangle 


 
Analysis shows that the control group fared marginally better than the 
experimental group in this activity. This reveals that the Ecology Learning Model 
has no apparent significant advantages in solving basic mathematical problems. 
 
b.  Calculating the area of a parallelogram: 
Thirty (75%) learners in the experimental group and eighteen (45%) were able to 
calculate the area of a parallelogram. This is of significance as this was a more 
complex activity. The learners in the experimental group were able to physically 
manipulate and overlap shapes on their screens. Furthermore they had access to 
specialized resources on the internet. The control group on the other hand, was 
paper bound. Furthermore the Ecology Learning Model afforded the learners 
greater collaboration opportunities. The results are depicted in graph 2. 
 


 
Graph 2: Calculation of area of a parallelogram 


141 
 







 
c.  Calculation of area of a triangle: 
Twenty seven (67%) learners in the experimental group and 4 (10%) learners in the 
control group calculated the area of a triangle successfully. This was a problem 
that required deeper levels of cognition. Therefore it may be concluded that the 
learning environment provided by the Ecology Learning Model is conducive to 
solving higher level problems. Graph 3 illustrates the statistics. 
 


 
Graph 3: Calculation of area of a triangle 


 
Questionnaires 
 
The responses to the questionnaires are tabulated into four broad categories and 
presented below (Table 2). 


 
CATEGORIES EXPERIMENTAL 


GROUP 
CONTROL 


GROUP 
Learning environment was stimulating 95% 70% 
Learning method was effective/ interesting 97.5% 65% 
Understood concepts 70% 35% 
Resources were adequate and beneficial 100% 50% 
Able to relate activities to real life 80% 35% 


Table 2: Responses to the questionnaires 
 


The responses displayed in Table 2 clearly indicate the chasm between the Ecology 
Learning Model and conventional teaching methods. The former presented a more 
stimulating learning environment through effective and readily available resources, 
the unqualified/under-qualified educator was able to produce an effective lesson 
where the majority of learners were able to grasp complex concepts and the 
learners were able to relate the abstract concept of area to everyday life situations. 
This is in direct contrast to the responses of the control group. 
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Conclusion 
 
While initial basic activities yielded similar results, learners exposed to technology 
enhanced learning through the medium of the Ecology Learning Model exhibited 
deeper levels of thinking in the more complex activities. The study as a whole 
demonstrated that unqualified mathematics educators may elicit better 
performances from learners via technology enhanced learning and the Ecology 
Learning Model. However the study and theory espoused within it was conducted 
at an exploratory level. Further research needs to be performed at a macrocosmic 
level. In addition other aspects of mathematics should be incorporated into the 
research, as well as other grades of learners. 
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In an effort to enhance the mathematical performance of grade 12 
learners, before enrolling at Higher Educational Institutions (HEI), 
various intervention initiatives were implemented by the Govan Mbeki 
Mathematics Development Programme (GMMDP)1 over a period of five 
years. During these interventions, various delivery models were utilized 
in order to optimize the impact of presentations to educators and to 
learners. In this paper we report on the DVD-driven model that was 
introduced during the past two years and which seemed to have been the 
most effective. 
 
Introduction 
In the first part of this paper the focus will be on some background details 
about the various phases of incubator school projects for grade 12 
learners together with reasons for these interventions. In the second part 
the focus will be on an innovative DVD-model for Mathematics 
instruction and in the third part the impact of this DVD-driven 
instructional model will be discussed.  In the conclusion there will be a 
reflection on the impact that Mathematics DVD’s could possibly have on 
the teaching and learning of mathematics within the framework of 
blended learning (Singh, 2003). 
 
Background to interventions 
Various reports have indicated that there is a National Crisis in 
mathematics and science education in South Africa (CDE Report, 2004). 
Large numbers of learners with potential to succeed in mathematics and 
science are deprived of opportunities. Poor mathematics and science 
teaching is cited as one of the main reasons for the underperformance of 
learners - particularly from the previously disadvantaged communities. 
The growing number of under-prepared learners impact negatively on the 


                                                 
1 GMMDP is a Mathematics Development Programme that is housed in the Department of 
Mathematics and Applied Mathematics at the Nelson Mandela Metropolitan University 
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quality of students enrolling at Higher Educational Institutions (HEI’s) in 
South Africa (Kok & Merz, 2004). 
The interventions by GMMDP that will be reported on in this paper were  
in the form of Incubator Schools for prospective Science Engineering and 
Technology (SET) students. These interventions went through various 
phases: 
 
Pilot Phase (2004): One group of 50 grade 12 learners from previously 
disadvantaged schools in the Nelson Mandela Metropolis (NMM) 
received lectures on 16 problematic topics over a period of 16 
consecutive Saturday mornings. Lessons were designed by the lecturer of 
the day. The lecturer was assisted by two facilitators. The role of 
facilitators was to mark homework from previous week and to facilitate a 
tutorial session. Learners wrote tests based on previous week’s lesson. 
Learners received additional support in the form of main point summaries 
for each lessons; copies of homework and tutorial solutions and a Study 
Master resource textbook. 
 
Phase Two (2005): Delivery extended to two groups of grade 12 learners 
(Port Elizabeth and George) and a group of grade 11 learners (Port 
Elizabeth). Over a period of 8 alternate Saturdays grade 11 and 12 
learners were lectured separately on 16 key topics (2 topics per morning). 
Learners wrote tests at the beginning of each Saturday session, receive 
homework which was evaluated and received tutorial support during two 
sessions per Saturday. All lessons were pre-designed and tutorials and 
tests were used at both the grade 12 delivery sites. Additional support was 
the same as during 2004. Although lessons were pre-designed, the 
deliveries were at the discretion of the lecturer. This turned out to be 
problematic in that the quality of deliveries became a function of the 
lecturer. Hence the quality varied widely from group to group and, in 
some cases, from topic to topic. 
 
Phase Three (2006): The delivery of lessons was standardized this year 
by introducing pre-designed animated PowerPoint lessons. Delivery 
extended to five groups of 50 grade 12 learners over a period of 9 
Saturday morning sessions of four hours each.  Two of the 18 key topics 
were facilitated by two facilitators per Saturday. Both lessons and 
tutorials were pre-designed in animated PowerPoint format. Lessons were 
facilitated by means of a laptop and data projector (Note: The role of 
lecturer changed to that of facilitator). Additional support was similar to 
that of the 2005 intervention.  New problem that has emerged during 
deliveries was that facilitators did not spend enough time to familiarize 
themselves with the animation of the PowerPoint-designed lessons. The 
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decision was made at the end of the 2006 delivery period to record 
animated PowerPoint lessons with voice-over in DVD format. 
 
Phase Four (2007): Delivery to six groups of 50 grade 12 learners over a 
period of 10 Saturday morning sessions. A series of 20 animated 
PowerPoint lessons on selected key topics were recorded in DVD format 
with voice-over. Interactive presentation sessions were facilitated by 
means of a DVD player and data projector. Tutorials with suggested 
solutions were incorporated as part of the DVD lessons. Each 
participating learner and participating school received copies of the DVD 
series which covered the NATED 550 Curriculum2. 
 
Phase Five (2008): Delivery to 250 grade 12 learners over a period of 14 
four-hour Saturday morning sessions. A series of 28 DVD’s as well as 
two additional DVD’s (Revision) was designed and utilized in deliveries 
to incubator school learners. The selected topics are in line with the 
newly introduced NCS3 mathematics curriculum for grades 11 and 12. 
 
DVD Delivery Model 
Four important phases in the development and utilization of the DVD-
model were identified. These phases can be classified as development, 
implementation, assessment and examination preparation. 
 
Development phase: In the production of instructional Mathematics 
DVD’s four stages can be identified. 
• Stage 1: Identification of relevant topics and the design of a lesson 


plan for each topic are the key steps connected to this stage. 
Mathematics experts were involved with both components connected 
to this stage. Relevant topics from the NATED 550 curriculum that 
were utilized in the 2007 DVD’s are indicated in the next table. 


                                                 
2 Old national curriculum for Grades 10-12 that was phased out recently 
3 http://curriculum.pgwc.gov.za/site/46/res/view 
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Twenty topics utilized in the design of the 2007-DVD series  


(NATED 550 curriculum) 
1. Basic Algebra 2. Remainder and Factor Theorem 
3. Quadratic Equations and Nature of Roots 4. Solving Non-Linear Inequalities 
5. Basic Graphs 6. Applications of Basic Graphs 
7. Indices, Surds and Logarithms 8. Absolute Value Function 
9. Analytical Geometry I 10. Analytical Geometry II 
11. Introduction to Differential Calculus 12. Application of Differential Calculus
13. Solving Exponential and Log Equations 14.Trigonometry I 
15. Trigonometry II 16. Trigonometry III 
17. Circle Geometry 18. Proportion and Similarity 
19. Arithmetic Series and Sequences 20. Geometric Series and Sequences 
 
Topics in the 2007-DVD series were selected from the then grade 12 
higher grade mathematics curriculum. The new NCS Mathematics 
curriculum was implemented in grade 11 and grade 12 during 2007 and 
2008 respectively. Grade 12 learners will at the end of 2008 be examined 
on both the grade 11 and 12 curriculum. In the design of the 2008-DVD 
series 14 grade 11 and 14 grade 12 related topics together with 2 revision 
topics (from 2007) were incorporated. This can be seen in the next table. 
 


Thirty topics utilized in the design of the 2008-DVD series 
DVD Grade 11 Topics DVD Grade 12 Topics 


1. Revision: Basic Algebra 2. Revision: Factor and Remainder Theorem 
3. Number Patterns 4. Arithmetic Sequences 
5. Exponents and Surds 6. Geometric Sequences 
7. Simple and Compound Decay 8. Logarithms: Growth and Decay 
9. Quadratic Equations 10. Annuities and Finance 


11. Functions 12. Inverse Functions 
13. Trigonometric Graphs 14. Calculus 
15. Trigonometric Equations 16. Cubic Functions 
17. Surface Area and Volume 18. Optimization Problems 
19. Line: Coordinate Geometry 20. Circle: Coordinate Geometry 
21. Transformation Geometry 22. Transformation Geometry 
23. Trigonometric Identities 24 Compound Angles 
25. Sine, Cosine and Area Formulae 26. Problems in 2D and 3D 
27. Linear Programming 28 Linear Programming 
29. Data Handling 30. Data Handling 


 
• Stage 2: Development of recordable DVD material which implies the 


conversion of the lesson plans into PowerPoint animated format is the 
key action connected to this stage. This was a very time consuming 
stage which can only be carried out by a person who is well skilled in 
PowerPoint design and the use of mathematical software packages like 
MathType, Autograph and Sketchpad. Central to the design of these 
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mathematics DVD’s was the design of quality PowerPoint animated 
slides. 


• Stage 3: During this stage the PowerPoint animated slides were 
presented in the form of a lesson by a mathematician who is also an 
expert teacher. This took place in a professional recording studio 
environment. Important during this stage was that the presenter had to 
be supported by a qualified mathematician who evaluated the 
correctness of each slide that was presented. In this way, any 
Mathematical presentation errors or unnecessary explanations that 
were identified could be rectified. Since all presentations were done 
without a script, whoever was responsible for the lesson presentation 
had to be well skilled with the design of PowerPoint slides as well as 
the mathematics content therein. 


• Stage 4: A menu system, designed by the presenter or designer of the 
slides, was incorporated by NMMU media experts into the DVD 
recorded lesson. Suitable covers for the DVD is designed by a media 
graphics artist. A media expert then completed the master DVD which 
was then evaluated by mathematicians before the Master Copy was 
send off to an outside company for duplication. 


 
Implementation phase: Two DVD’s were utilized during each Saturday 
morning’s Incubator School session. Ninety minutes was spent on the 
facilitation of each DVD. Slides were presented to learners by means of a 
DVD player connected to a Data Projector. The facilitator could pause on 
certain slides for further explanation or fast forward when slides were 
considered to be rather for self study. At various stages during the DVD 
presentation the facilitator was requested to STOP the DVD and learners 
were given the opportunity to complete a tutorial based on the material 
that was presented. During the tutorial phase of the presentation, the 
tutorial exercises were projected on the screen and, in addition, learners 
were given hard copies of the tutorial exercises. Learners were supported 
during tutorial sessions by senior mathematics teaching staff as well as 
senior mathematics students. Suggested tutorial solutions were 
incorporated within the DVD presentations and were sometimes utilized 
after learners have completed a tutorial on their own. Facilitators had to 
be selective in choosing which slides to play during a 90 minute 
presentation session – the purpose of such a  session was to establish a 
feel for the topic amongst learners and to give learners an overview of the 
subject content that is covered in each  DVD. The importance of learner 
interaction with the material contained in the DVD in the period between 
contact sessions was emphasized during each session and also as part of 
the DVD. Each learner as well as participating schools received personal 
copies of the two DVD’s which were facilitated during a Saturday 
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morning contact session. Learners were encouraged to view and revisit 
areas which they considered to be problematic and to share their DVD 
experiences with classmates who did not attend the Incubator School 
programme. Educators were encouraged to incorporate the DVD’s as part 
of their daily instruction in the classroom. During the AMESA congress 
period the authors of this paper will present a workshop where 
participants will be exposed to the DVD driven implementation 
strategy utilized during Incubator School deliveries.  For more 
information about the availability of the 2007 and 2008 DVD series as 
well as the implementation strategies that were followed please visit the 
GMMDP website at http://www.nmmu.ac.za/mathsgmsmdp/. 
Assessment phase: The quality and content of each DVD was assessed 
after utilization at various delivery sites. Weekly assessment reports from 
site coordinates were considered when DVD’s came under review. 
Learners were assessed on a weekly basis on the mathematical content of 
the two DVD’s that were presented to them during the previous week. 
The average of learners’ assessment marks were utilized in identifying 
prospective students for SET programmes at the NMMU and other HEI’s. 
Learner and facilitator questionnaires were utilized as important 
assessment tools in the assessment of the quality of the DVD’s and the 
impact of the Incubator School programme. 
 
Examination Preparation phase: Incorporated in the Incubator School 
plan was a one week intervention period where learners were prepared for 
the upcoming end of the year examination. During the 2006 and 2007 
interventions, the support material utilized during this week was in the 
form of booklets like Pythagoras. During the 2008 examination 
preparation period, Mathematics Examination Preparation DVD’s 
designed by the company ExaMath4 will be utilized as key support 
material. In these DVD’s, the 2007 grade 11 NCS exemplar and national 
mathematics papers as well as 2008 grade 12 NCS exemplar mathematics  
papers will be  discussed in detail. Learners and participating schools will 
receive copies of the all nine the examination DVD’s. The authors of 
this paper will present a workshop where participants will be 
exposed to the DVD-driven implementation strategy utilized during 
the Mathematics Examination Preparation period. For more 
information about the availability of the 2007 and 2008 Examination 
DVD series, visit the website of ExaMath. 


                                                 
4 www.examath.co.za 
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Impact of DVD Model 
The impact of the 2007 DVD intervention was assessed by means of 
learners’ and facilitators’ questionnaire feedback, learners’ weekly test 
performance and final national examination results. 
 
Feedback from Learner Questionnaires:  
 
Questions together with some feedback received from learners. 
Question 1: How did you experience receiving lectures via DVD? 
• The lectures help me a lot and it was easier to learn and I find out 


things I’ve never done before. 
• It was something new and helped me understanding things much 


better. 
• It was cool because it had more details and more information. 
• The lectures were great, they were much better than having someone 


in front at the class which takes more time. 
• It was very refreshing and different. 
• It was easy to understand because of the many illustrations. 
• In the beginning I was a bit uncomfortable because I am used to 


someone standing in front of me and explaining what to do. Later on it 
became nice and my understanding as well as my English improved. 


• I thought it was excellent, especially when we stop the DVD and do 
the tutorials. It is a wonderful learning tool and you concentrate more 
on the DVD rather than a live lecture. 


• Actually it was really very helpful; when ever I found something 
difficult I went through some examples. I would like to say thanks 
because it helped me a lot and we can always go back and watch it 
again, rewind, forward etc. 


 
Question 2: Did you find the DVD given to you helpful for study at 
home? 
• Yes, if I didn’t understand in the lecture on Saturday, I watch it during 


the week for myself. 
• Yes, it is helpful especially if I am practising with a friend. 
• I’m writing a test next week and I feel good about it, so I say yes as 


have not been so souped up to write a maths test in along time. 
• Yes, especially before tests and just something to look at before I go to 


bed 
• Yes, sometimes when we started with new work at school, I did’nt 


understand and then I watched my DVD. 
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Question 3: Was the DVD supplied to the schools used in your 
classroom? 
• Yes, she even stayed after school every day to meet until 3 0’clock. 
• Yes, we watched the DVD’s for exam revision. 
• We used it and all kids in my class said they wish they could come 


Saturday with us. 
• No, but individual learners were allowed to take it home. 
• No as our school does not have the equipment to play DVD’s. 
 
Question 4: Did you share information on the DVD with any of your 
friends? 
• A few friends of mine and in class. 
• Yes, I did and we also going to use them for the revision in the exams. 
• Yes and they found it of much help. 
• I explained what I understand and that helped me understand even 


better. 
 


Question 5: Did any of your friends use your DVD? If so, what were their 
comments? 
• Yes they told me it helped them a lot. 
• Yes, they said it’s really helpful. Now we are starting to love maths 


again and are competing to see who will get the highest marks. 
GREAT. 


• It helped them to improve their mathematical skills and 
understanding. 


• Yes they found it helpful to be re-taught the sections they battled with. 
• Yes, it is enjoyable to watch instead of using textbook. 
• They also felt the same as me. There were things the DVD explained 


better than the teacher. 
 
Question 6: Any suggestions or comments on the DVD’s? 
• Very good, there were a few problems but my comments are a job well 


done. 
• My suggestion is that you go on with the programme for years and 


years. 
• Everything was good except that in a few parts on the DVD’s the 


writing was small. 
• It is very useful and I would definitely recommend it in the future. 
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Feedback from and Facilitator Questionnaires:  
 
Questions together with some feedback received from facilitators. 
 
Question 1: How did you experience the DVD lectures? 
• As a teacher, frustrating at times I wanted to “butt in” and explain 


some things in a different way, or add to the explanations. 
• In general we felt positive about DVD’s for use at schools but they 


were too long and there was a lack of interaction during the lesson. 
• I feel they are good revision tools but not teaching tools. 
• The lectures were well presented and very good. 
 
Question 2: Do you think the DVD’s served as a successful tool in 
teaching Maths to grade 12 learners? 
• If grade 12’s had already been taught the lesson at school it would 


serve as a great revision. Not good if hearing for first time. 
• It would be successful in schools where the educators are not 


equipped to teach at grade 12. 
• Yes it served as a successful tool, but personally I think that the time 


schedule was too tight between the DVD and Tutorials. 
 
Question 3: Do you think that grade 12 learners understood Maths better 
by means of the DVD lectures? 
• Only if it was as a revision lesson for them. If their teacher is not to 


clued up it will be a great help. 
• Many learners said they found them very good. I wonder what level of 


teaching they experience, so a good consistent lecture is probably a 
positive experience for them. 


• Yes especially by learners going through the DVD’s again and again. 
 
Question 4: Did you find it difficult to “lecture” with the DVD system 
and not use the blackboard? 
• Didn’t lecture with it, only paused for further explanations. 
• With the blackboard there is an interaction between the learner and 


educator as they can ask questions. During tutorials we did use the 
blackboard to illustrate certain sections. 


• I would prefer more stop-start. PowerPoint was better. 
• I found the first lesson strange but adapted quickly. 
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Question 5: Do you think there is sufficient interaction with the learners 
when the DVD system is used? 
• Learners did not make use of the teachers available, only during a few 


tutorials. No rapport built up between learners and teachers. 
• Not at all, I feel I did not get to know the learners as well as in the 


past. It is strange to have no learner asking questions as weeks went 
by. 


 
Question 6: Do you think schools in general will be interested in 
obtaining a full set (with more topics) for use in their schools? 
• Yes anything helps. 
• Mathematics educators from all the schools were positive of using the 


DVD as additional aid but not as the primary source. 
• Perhaps schools that have staff shortages but not at all to replace 


teachers. 
 
Question 7: Do you have any suggestions or comments with regards to 
using the DVD’s as a lecture tool? 
• It is not easy to learn mathematics from a lecture situation. Learners 


need to be able to ask questions and have more time to digest early 
steps before moving on to more complicated concepts. 


• Notation must be checked as it sometimes clashes with what we use at 
school. Maybe have the topic taught and then have the DVD. 


• Shorter lessons and more tutorials. 
• Time for questions and short discussions (after every tutorial). 
• DVD can never be a substitute for a teacher. 
• Live interaction between pupils and teacher is always necessary. 
 
Weekly test performance of learners (Marks given as percentages) 


T T T T T T T T Av5 71 2 3 4 6 8
PLET (48) 37 44 25 28 15 26 19 23 27


GEORGE (63) 50 61 45 51 37 45 35 37 45
PE 1 (48) 34 65 39 41 13 38 38 46 39
PE 2 (55) 51 75 36 46 31 42 42 49 46
UTH (49) 32 44 18 29 18 19 35 23 27


AVERAGE (262) 42 58 33 40 24 35 34 36 38


 


38 
 







 


What can be learnt from the performance of learners? 


• Average weekly test performance is a good indication of problematic 
topics. 


• Clear that some centres performed better than other. 
• Overall average of 38% is reasonable if we take into consideration that 


the DVD’s were based on higher grade mathematics and that most of 
the learners where standard grade learners. 


 
National grade 12 examination results 
If the national grade 12 results (after DVD intervention) are compared 
with the end of the year grade 11 performance (before DVD intervention) 
a mark improvement is evident. The indication of  improvement is 
supported by case studies similar to the following one: 
 
Group profile to illustrate the impact of the 2007 Incubator School 
project: 
• A group of 39 grade 12 learners were considered from a particular 


previously disadvantaged school of which 29 were higher grade and 
10 standard grade mathematics learners. 


• The grade 11 end of the year mathematics results for higher grade 
learners were within the interval [36%;60%] while the performance 
for standard grade learners was in the interval [33%;61%]. 


• In the final national examinations 36 passed mathematics and 3 failed. 
• 3 learners obtained an A (mark of at least 80%) and 6 obtained a B 


(mark of at least 70%). 
• The three learners who obtained A’s were all higher grade learners 


whose end of grade 11 results were 45%, 46% and 56% respectively. 
• The six learners who obtained B’s had grade 11 marks of 40%, 40%, 


45%, 52%, 54% and 60% respectively. 
 
Conclusion 
From the various studies there is no doubt that structured mathematics 
DVD’s could have a positive impact on the teaching and learning of 
mathematics. Fundamental changes are taking place in the educational 
process, where the focus on the teaching process is increasingly replaced 
by the focus on the learning process (Harvey & Knight, 1996). The shift 
is towards student-centred learning; that is, an approach to education in 
which the teacher’s role is less that of an “expert”, and more that of a 
skilled learning “facilitator”.  Blended learning is understood as the 
process of offering resources – off- and on-line for both face-to-face and 
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distance learning  (Aiello, Bartolome & Willem, 2007). The use of 
technology forms an pivotal component in the design of modern blended 
learning models (Rovai & Jordan, 2004).  Mathematics DVD’s are 
therefore an ideal resource to facilitate a change towards a student-
centred learning approach within the framework of Blended learning. 
Blended learning is not only about the promotion of on-line activities or 
computer enhanced learning -  the challenge is to guarantee that these and 
other educational actions promote, through the use of digital technology, 
critical thinking skills in the learners( Aiello,  Bartolome & Willem,  
2007) .  
On the strength of the evidence produced by the interventions that were 
discussed in this paper, Mathematics DVD’s could play  a pivotal role to 
strengthen a learner-centred blended learning environment for both 
learners and educators in our country. 
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To develop a culture of research amid pre-service teachers, a Research 
Methodology component was introduced to the study programme of the final 
year Education students. They had to identify, design and execute a research 
project within their learning area. This presentation reports the experiences 
of learners involved in a cross-cultural peer teaching initiative between a 
privileged private and a township school in Port Elizabeth while 
participating in a research project planned by two of these student teachers. 
The aim of the project was to explore the possible advantages of cross-
cultural peer tutoring of certain sections of the new Mathematics curriculum 
for both the tutors and tutees, especially to see whether the township 
learners’ understanding of the learning content could be improved. Both 
quantitative and qualitative research methods were incorporated to collect 
the data. The results showed that the township learners’ understanding of the 
mathematic topics dealt with during the peer teaching session was enhanced 
and that both groups gained from the cross-cultural peer teaching 
interaction. 
 
INTRODUCTION 
Over the past 13 years there have been many changes in education in South 
African.  With all the reviews and amendments to the curriculum we have 
reached a stage where we would have hoped to see effective implementation 
in schools.  However, there is still a huge disparity in the quality of education 
between privileged and underprivileged schools.  This project aims to 
explore the avenue of cross-cultural peer teaching as a means to assist in the 
implementation of the new curriculum.   
A highly privileged school in Port Elizabeth began an outreach program, 
with the intention of making a difference in the community.  A group of 
learners, with a student teacher, decided to initiate a peer teaching program at 
a township school.  They were able to link up with a fellow student teacher, 
who was posted at a disadvantaged school in Zwide, Port Elizabeth, where 
remedial intervention was drastically needed.   
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This program led to the inspiration for a research project to evaluate the 
effectiveness of cross cultural peer teaching as a means to overcoming some 
of the many challenges faced by township schools.  The hope was not only to 
enhance learners’ cognitive ability but also to develop positive attitudes and 
values which form a major part in the educational philosophy, in learners 
from both schools. 
 
BACKGROUND 
Brief history of peer teaching 
Peer teaching refers to the concept of learners teaching other learners. While 
this takes place in a school environment, it could be either formal or informal 
as long as it is directed, planned or facilitated by a teacher (Wagner, 1982:5).  
Peer teaching has been ongoing in various forms of education for hundreds 
of years and was evident in ancient Roman education as well as in the 
practices of early Judaism (Wagner, 1982:7-25; Topping, 1988:12; Sinclair, 
1998:2).  Peer teaching as a model of instruction lost favour in the nineteenth 
century when teaching developed as an organised profession but there was a 
resurgence during the 1960’s (Topping, 1988:16; Sinclair, 1998:2).  A 
growing interest in improving the standards of achievement in American 
schools led to a desire to focus on ‘individualised instruction’ which was 
lacking in the teacher centred style.   
During the 1970’s, particularly in Britain, there was an increase in peer 
assisted learning.  Many research projects were set up to ascertain the 
effectiveness of peer teaching in assisting education (Beardon, 1995:106).  
The Pimlico Connection, founded by Sinclair Goodlad in 1975 and the 
Cambridge STIMULUS project set up in 1987 are amongst the biggest research 
projects on the subject.  From these, over 180 projects have sprung up in the 
UK (Beardon, 1995:106).  The findings of these early research projects have 
been very positive.  Gains were reported in cognitive development as well as 
development in self concept, social skills and communication skills for both 
the peer learner and the peer helper (Beardon, 1995:104-105; Goodlad, 
1998:5; Hill & Topping, 1995:142-145; Potter, 1995:126; Rutherford & 
Hoffmeyer, 1995:233).  While not all the research has been conclusive, and 
in a small percentage no significant gains were recorded, the majority of the 
research is in favour of peer teaching as a supplement to formal education 
(Topping, 1982:72-85).   
Industries have started sponsoring community service and volunteer projects 
that include peer teaching.  According to Tyler in Topping (1982:218) peer 
teaching is a major resource that should not be wasted in schools.   
The most frequently reported advantages are (Wagner, 1982:218–224): 
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• Peer helpers are often effective in teaching children who do not respond 
well to adults. 


• Peer teaching can develop a deep bond of friendship between the helper 
and the learner, which facilitates in the development of social skills and 
self esteem. 


• More individualised attention is possible. 


• The helper may increase his own understanding as well as confidence and 
self-esteem. 


• Additional motivation for learning may come through peer teaching. 


• Peer helpers may be more patient with a slow learner. 


• Peer teaching reinforces prior knowledge and peer helpers may reorganise 
knowledge more effectively to increase understanding. 


 
Definition of terms 
Through the literature study the authors have recognised a variety of 
terminology on this topic.  For clarity and consistency, in this research report 
the following terms will be used: 
The peer helper is defined as the student from the privileged school who 
supports and aids in the instruction of the learner. Other terms for this role 
include: tutor, mentor, and peer teacher. 
The peer learner is defined as the student from the disadvantaged school 
who requires remedial teaching and is given assistance by the peer helper. 
Another term for this role is tutee. 
The terms disadvantaged school and township school are used 
interchangeably in this report to distinguish the schools located in the so-
called township areas where communities still face poverty and other social 
disadvantages, caused by the segregation during apartheid. 
 
South African Context 
The new South Africa is a young and rapidly changing nation.  Apartheid has 
unfortunately left behind some particularly damaging legacies due to its 
policy of racial segregation which promoted a sense of superiority of whites 
(Sorensen & Gregory, 1998: 179, Furstenberg, 1995: 79). 
Bantu education reinforced the policy of black inferiority and denied the 
potential of thousands of learners, focusing more specifically on developing 
a subordinate labour force.  Limited funding was provided for black 
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education and this led to characteristics such as poor school maintenance, 
unskilled teachers and overcrowded classes in township schools (Nelson 
Mandela Foundation, 2005:81).  Post 1994, there has been a complete 
overhaul of the education system, in order to right this injustice and bring 
equality for all. 
Despite the work done by government to reform the education system in 
South Africa and improve standards in schools, research by the Human 
Science Research Council and the Eastern Province Council indicates that 
the “majority of children in rural poor communities are receiving less than 
their right in a democratic South Africa.” (Nelson Mandela Foundation, 
2005, vii).  While this study was conducted in the more rural areas of South 
Africa, experience in a township school in the Eastern province indicates that 
the findings apply to these more urban schools as well.  The consequences of 
this low level of education will be long term.  It will affect black school 
leavers’ opportunities and will perpetuate the debilitating effects of poverty 
and inequality (Nelson Mandela Foundation, 2005:ix). 
We can still classify these schools as disadvantaged as they face enormous 
challenges and barriers to learning, which limits the implementation of the 
new Outcomes Based Education curriculum.  Some of these, as indicated by 
the Nelson Mandela Foundation (2005:48–64) include overcrowded 
classrooms where teachers find it hard to maintain discipline or give 
individual attention.  There are also limited resources with a lack of 
textbooks and other media.  There is a low culture of learning, with poor 
attendance and gangsterism among learners. 
Teachers are demoralised and often resort to corporal punishment and 
humiliating learners in order to gain authority.  Furthermore poverty and 
unemployment in the surrounding communities result in low emphasis being 
placed on education. School fees often go unpaid and learners are inhibited 
from revising school work, due to demands of maintaining households.  
Learners often go hungry and this makes it difficult for them to concentrate 
in class. 
 
PROBLEM FORMULATION 
Having identified a drastic need for remediation in township schools and 
with the altruistic efforts of the private school learners, the researchers pose 
the question as to whether cross cultural peer teaching is effective as a means 
of raising the standard of education in township schools.  It is felt that 
learners from a private school with a high level of mathematics education 
will be able to share their experience with other learners.  In no way are the 
researchers implying that one culture in superior to the other, but merely 
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recognise the advantages of individualised attention as characterised in 
privileged schools. 
Of particular interest was the potential effect that peer helpers might have in 
acting as role models with a positive attitude towards learning.  The 
researchers chose to limit the study only to one discipline, that being the 
mathematics learning area and to focus on one grade, within a local township 
school. 
The problem can be encapsulated by means of the following question: 
Is cross-cultural peer teaching effective in assisting the implementation of 
the mathematics curriculum in a township school? 
 
RESEARCH OBJECTIVES 
The researcher’s objectives were four-fold. The primary objective was to 
answer the key research question and determine whether peer teaching would 
be an effective way of supplementing the new mathematics curriculum in a 
township school. 
Secondly, the researchers wished to determine whether the peer learners 
would measurably improve their cognitive understanding and skills in 
mathematics.  Additional objectives include determining the effect of peer 
helping on learner confidence and motivation in mathematics – both with 
regards to the peer learner and the peer helper.   
 
METHODOLOGY 
Research design 
In order to ensure triangulation, the research was designed to include 
quantitative and qualitative methods.  Remedial classes were administered to 
an experimental group over a course of weeks focussing on the grade 8 
syllabus.  Thereafter a diagnostic test was written by both the experimental 
and control groups. 
The qualitative method included observation by the researchers and fellow 
teachers as well as participant interviews.  The interviews were semi-
structured and included many open ended questions. 
 
Sample 
A group of 15 students, both male and female, were randomly selected from 
two grade 9 mathematics classes in a large township school.  No information 
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of the learner’s academic performance was previously known.  These 
students were asked to volunteer to participate in this research project. 
At a private school across town, 11 learners ranging from grades 9 to 12 
volunteered to participate in this altruistic outreach program.  These learners 
were fully informed of the research project and were eager to see the 
difference their actions could make.  They form the peer helper sample group 
and 6 of the 11 were interviewed. 
 
Data Collection 
Written test 
The written test consisted of 4 topics of the mathematics syllabus which were 
revised in the remedial mathematics lessons.  These included ratios, 
percentages, angles and expanding pairs of brackets. (See Appendix A)  The 
test was administered to both the experimental and control group at the same 
time.  These tests were marked and comparisons were drawn. 
Observation 
Throughout the peer helping sessions, observations were made by both 
researchers as well as by an independent teacher from the private school.  
The researchers also noted comments made by the participants during this 
program. 
Interviews 
Teachers 
Informal interviews were conducted with the grade 9 mathematics teachers at 
the township school.  Teachers were asked for their perspectives of the 
challenges of teaching the new curriculum.  
 
Peer learners 
After writing the diagnostic tests, learners from the experimental group were 
called in for semi-formal interviews in groups of three’s. The opinions 
gathered were studied to establish benefits and recommendations.  
Interviews, as opposed to questionnaires, were conducted due the fact that 
many learners struggle to express their opinions in English, and shy away 
from writing.   
Group interviews ensured that the learners were more relaxed and did not 
feel intimidated by the researcher. Additionally, it also allowed learners to 
assist each other in expressing their feelings. The disadvantage of this 
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approach was that learners may have been influenced by the responses of 
others.  However, this drawback was far outweighed by the gains mentioned.   
 
Peer helpers 
After completion of the outreach program, the peer helpers were interviewed 
in pairs.  
 
Procedure 
The grade 9 learners were asked to volunteer to participate in this research 
project.  They would attend Friday afternoon remedial classes for one hour of 
peer teaching intervention.  Subsequently, they would write a diagnostic test 
and give feedback in semi-formal interviews.   
Due to the poor culture of learning, researchers identified a lack of 
commitment and erratic attendance of many of the participants in the sample 
group.  In order to conduct valid research the authors recognised a need to 
maintain consistent attendance.  Therefore, the sample group were required 
to commit to full attendance for a period of three weeks. 
This was far below the initial intended time-frame.  However, due to time 
constraints of the full school calendar and external factors, as well as the 
researcher’s university commitments this became necessary.  
The Peer teaching sessions were opened up by a teacher who introduced the 
topic on the chalk board.  The peer helpers would then disperse themselves 
among the learners, keeping a ratio of 1 peer helper to 3 peer learners.  In 
these groups they would attempt to solve problems related to topic covered, 
thereby practicing their skills.  This structure enabled learners to ask 
questions and receive individual attention.  
The focus of the peer teaching sessions was on revising parts of the grade 8 
syllabus.  There were a number of reasons for this.  Firstly, many of the peer 
helpers were only in grade 9 themselves, and would not be able to assist 
learners beyond this level.  Secondly, for the study to be valid, the control 
group must have had equal opportunity to achieve on this level.  Finally, it 
was recognised that many learners struggle in higher grades due to gaps in 
foundational concepts. 
Following the test the learners were called in for semi-formal interviews in 
groups of three’s to answer pre-established questions on their experience of 
peer teaching. This raw data was recorded in writing by the researcher.  
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Data analysis procedure 
The tests from both the experimental and control group were mixed in order 
to prevent bias. They were then marked objectively and test scores were 
compared using Microsoft Excel.  Graphs were plotted to represent findings. 
Interview responses of both the peer learners and peer helpers were evaluated 
according to key questions to ascertain shared beliefs.  Trends were 
established and this is discussed below. 
 
Ethical measures 
Informed Consent 
All learners were treated with the utmost respect and participated out of there 
own free will.  All information of the research procedure was disclosed to the 
learners.  Specifically, before signing a consent form, learners were asked to 
commit to attending all remedial classes, to writing the diagnostic test, and to 
giving feedback in an interview with the researcher.  
 
Confidentiality 
Learner’s progress and results were treated in confidence. The diagnostic 
tests were not anonymous, so that the particular progress of each student 
could be monitored.  However, this is strictly for the researcher’s information 
and names of schools and learners have been omitted from the report. 
 
Trustworthiness 
In trying to answer the research question the researchers made use of various 
approaches and obtained data quantitatively through diagnostic tests and 
qualitatively, through observations and interviews with both the peer helpers 
and the peer learners.  By implementing triangulation the researchers have 
found consistency in their results, thereby supporting trustworthiness. 
Although the researchers did expect a favourable result, they conducted the 
investigation keeping in mind objectivity.  This was particularly important 
when gathering and analysing data through both tests and interviews. 
In designing the diagnostic test, the researchers focused on grade 8 work to 
ensure that the control group was not disadvantaged.   
There was no bias in selection of the sample, as it was random and voluntary.  
The researchers had no knowledge of any of the learners’ academic 
performance prior to the research.  However, the characteristics of a 
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volunteer make them more likely to be self motivated and diligent, which 
might not be reflective of the general population. 
A sample size of 15 was chosen out of a population of 315 grade 9 learners.  
The researchers are aware that a larger sample group would allow us to draw 
more accurate generalizations based on results. 
The duration of the experimental intervention was restricted due to the 
limiting factors of a real life school environment.  These include sports, staff 
meetings, pubic holidays and the like. This can be seen in a positive light, as 
our recommendations are not theoretical but can then be applied to every 
school context. 
The credibility of the research lies in the fact that information gathered 
through the interview process comes from the learners’ authentic 
experiences. It can also be seen as highly dependable because learners from 
both schools had similar responses within the interview context. Additionally 
triangulation confirmed dependability. 
Finally, an in depth study of previous research findings, both internationally 
and within South Africa, confirm the results achieved in this research. 
 
RESULTS 
The findings were unanimous that cross cultural peer teaching is highly 
effective in raising the standard of understanding in the mathematics 
curriculum. 
The learners from both schools responded very favourably to the peer 
teaching. There was a dramatic increase in the skills and understanding of the 
topics covered, as the test scores show. There was also a notable increase in 
their levels of confidence.  It was also noted that the learners’ attitude to 
mathematics was influenced by the positive role models the private school 
learners provided. 


 % Yes % No 


Enjoyment/ increased enthusiasm 100 0 


Increased confidence in Maths 80 20 


Ease in relating cross culturally 87 13 


Sustainability of peer helping 100 0 


Table 1:  Summary of peer learners’ responses to interview questions 
 


 % yes % No 







Enjoyment/ increased enthusiasm 100 0 


Increased confidence in Maths 67 33 


Ease in relating cross culturally 50 50 


Sustainability 100 0 


Table 2:  Summary of peer helpers’ responses to interview questions 
 
It can be noted that both sets of students found the experience enjoyable and 
could see a future in peer helping – particularly in benefiting the 
implementation of the curriculum. 
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Figure 1: Comparison of average test scores between control and research 
groups. 
From the above data it can be seen that the research group scored nearly 20% 
higher than the control group.  This is a dramatic increase and alone would 
be a strong argument for peer teaching to facilitate improvement in 
mathematics performance. 
 
It must also be stated, however, that despite this dramatic increase there is 
still a great need for remedial attention – as the average mark of 40% should 
not be the desired pass mark – as tragically this is among many currently!  
What is even more appalling is that the subject content tested is work that all 
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learners in grade 9 should be familiar with in order to cope with mathematics 
syllabus in the higher grades. 
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Figure 2: Individual test scores of learners in the control group and research 
group. 
 
It can be noted from this graph that learners in the experimental group 
obtained far higher test scores than their counterparts, with the highest mark 
of 95% measured.  Those with extremely low test scores did appear in both 
groups, but the majority of learners in the research group passed with marks 
between 30% and 50%.  This is in comparison to the majority of learners in 
the control group who scored below 30%. 
 
DISCUSSION 
It was discovered through teacher interviews that a major challenge of the 
new curriculum is the pace, especially in a township school, where 
mathematical concepts need to be explained in the learner’s second language. 
As comprehension is poor, learners suffer with low marks not because they 
do not have the skills but because many cannot fully understand the English, 
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primarily the written words (Sentson, 1994:109).  The individualised 
attention of peer teaching could assist with this. 
Furthermore, one of the greatest advantages of peer teaching is that learners 
feel comfortable asking questions to learners their own age.  Large class 
sizes and lack of discipline causes some teachers to be impatient and 
intolerant of questions asked. 
Many learners interviewed commented that they were afraid to ask questions 
during class time because the teacher often shouted or called them stupid.  
Another great advantage is that learners could be motivated by seeing there 
peers mastering concepts; as one learner put it “Here’s a person my own age 
who understands, maybe I can too!”  Teenagers are far more aware of 
building relationships within their peer group and relate far better to their 
peers as this stage of their lives, than to adults.  Therefore, it has been 
observed that they respond favourably and more openly to peer-tuition. This 
was mentioned in interviews with the peer helpers and learners, and was also 
mentioned as a significant factor in similar research projects (Goodlad & 
Hirst, 1990:9).  
In questioning teachers at the township school, the response came back that 
one of the definite challenges of teaching mathematics is the large number of 
learners.  This results in limited individual attention.  Peer teaching, in its 
very nature, overcomes this barrier. 
Another significant point is the poor culture of learning in most township 
schools.  This is characterised by a lack of enthusiasm, apparent laziness of 
learners, inadequate attendance and limited task and homework completion.  
Teachers recognised that performance in mathematics would be improved if 
learners were stimulated to practice solving problems.  Not only does extra-
mural peer teaching afford learners the opportunity to practice solutions; but 
peer helpers role model positive attitudes and enthusiasm for the subject.  It 
has been found that peer teaching raises the aspirations and motivation of the 
peer learners even to strive for university exemption (Hill & Topping, 
1995:136; Wagner, 1982:83). 


“It has long been obvious that children learn from their peers, but a more significant 
observation is that children learn more from teaching other children” (Wagner, 
1982:221) 


The interviews with the peer helpers showed that a striking 67% had noticed 
that they themselves had grown in confidence in this learning area.  Even 
more significant is the fact low achieving learners are more effective as peer 
helpers as they have more empathy and tend to have better insight into the 
learner’s difficulties (Goodlad & Hirst, 1990:6).  This offers a great 
opportunity for learners who are struggling and lack confidence to gain a 
better self concept and improve their ability through helping other learners. 
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Considerable improvement in self esteem is reported across all research on 
this topic and is confirmed by our interviews (Ehly & Larsen, 1980:11; 
Goodlad & Hirst, 1990:8;). 
Furthermore, research has revealed significant gains in the development of 
peer helpers social, problem solving and communication skills (Beardon, 
1995:107).  Although this study was too brief for relationships to develop 
between learners from the different schools, the researchers have noticed 
learners growing in understanding and appreciation for one another.  All 
learners interviewed expressed enjoyment in meeting learners from other 
schools.  The social awareness that was developed in the peer helpers, who 
were stretched out of their comfort zone, was dramatic. 
This cross cultural interaction has brought with it benefits of understanding 
and sensitivity towards people from different cultural, racial and 
socioeconomic groups. 
This is extremely valuable in overcoming the negative lingering effects of 
apartheid. 
 
RECOMMENDATIONS 
In evaluating the gains achieved by this research project it can be 
recommended that peer teaching be implemented in all schools across South 
Africa – particularly between advantaged and disadvantaged schools. 
With the introduction of inclusivity, and a greater focus on learner-centred 
education, peer teaching offers a major resource to teachers (Goodlad & 
Hirst, 1990:20, Harper, et al. 1994:230). 
Peer teaching can take place either within the formal classroom context or as 
part of an extra mural program.  It is further recommended that the duration 
of the peer teaching sessions be extended to at least 2 hours a week.  A 
greater number of hours would result in higher academic performance and 
deeper, more meaningful relationships developing between learners.  This 
program should also be ongoing and not limited to only a few weeks of the 
year before exams or the like. 
Before instituting a program such as this, the researchers would like to 
recommend that the peer helpers be given training and provided with the 
materials that they would be covering in each session. 
Due to the cross-cultural language barrier, one recommendation could be that 
peer-helping should only take place between learners of the same cultural 
group.  However, it is felt by the researchers that although some learners did 
struggle to relate, the social gains of breaking down barriers and developing 
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understanding between racial and socio-economic groups far outweigh the 
language difficulty. 
 
CONCLUSION 
Peer-teaching offers teachers a great opportunity in overcoming the 
challenges of the demanding new mathematics curriculum where 
comprehension is a barrier and understanding is slow due to language 
capacity.  The individual attention of peer teaching allows for concepts to be 
explained repeatedly and for learners to ask questions when they don’t 
understand.  From this study the researchers conclude that peer teaching is an 
extremely valuable resource and benefits both the learner and the peer 
helper. There is huge potential for peer teaching to be developed further, and 
much more research needs to be conducted in this field in the South African 
context. 
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APPENDIX A: 
Research Mathematics Test 
 
Name:        Surname:       
 
 
1. Simplify the following ratios as far as possible: 
 
 a)  4 : 6 
 
     
 


b) 150 : 25 
 
      
 
2.1. To cook rice you need 3 cups of water for every one cup of rice.  If 


you had a big family gathering and wanted to cook 5 cups of rice, how 
many cups of water would you need? 


 
             
 
             
 
             
 
2.2. How much is this in litres?          
 
             
 
 







3.1. Orlando Pirates and Kaizer Chiefs are playing for the Nelson Mandela 
Cup.  At half time the statistics (information) show that ball possession 
was:  
46% Orlando Pirates vs 54% Kaizer Chiefs.  Explain what these values 


mean? 
 
             
 
             
 
3.2. If half a match lasts 45 minutes, how much time did each team have the 
ball?  
 
             
 
             
 
4. Find the size of each of the angles marked in the diagram below, and 


explain your reason: 
 


 
 
Example: 
 
a =  30°  reason:  Opposite angles     
 
b =    reason:         
 
c =    reason:         
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d=    reason         
 
5. Multiply out the following sets of brackets, and simplify: 
 
5.1. (x + 3) (x + 5) 
 
              
 
             
 
5.2. (k – 2) (k – 4) 
 
             
 
             
 
5.3. (y – 3) (y + 8) 
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This paper explores the learners’ understanding of limits at their first year 
level, in the higher education field of engineering. The presenter used self-
study as well as social constructivism, in particular Vygotsky’s Zone of 
Proximal Development, to investigate the learners’ understanding of 
factorization, properties of zero, substitution, infinity, and trigonometry 
identities. This article revealed that learners enter higher institutions 
inadequately prepared with respect to grasping the content of mathematics 
with regard to limits. The findings suggest that the participants in the 
sample group are not polished in aspects such as factorization, trigonometry 
identities, double angle formulae and infinity.  The use of reflection, 
collaboration, openness and feedback in the learning process appears as a 
solution to help learners gain insight into learning limits. 
 
INTRODUCTION 
This article reflects on the problems encountered by first year engineering 
students, in learning limits. It also provides teachers with the critiques 
engaged with learners in learning limits when they enter higher institutions. 
This emanates from my first experience as a mathematics lecturer in 
academic support programme. The fact that many students enter university 
under-prepared with respect to grasping the content of mathematics 
presented in higher institutions led some of the universities to establish a 
mathematics support programme (Van Tonder, 1996). Many researchers 
assert that mathematics is the basic culprit in undermining learners’ 
academic progress in the fields of engineering (Taylor & Morgan, 1999). 
Mathematics is, arguably, a barrier to success for many students in 
engineering fields (Taylor & Morgan, 1996).  
 
This article discusses social constructivism as the theoretical framework 
used in the learning process of limits. This entails self-study activities and 
Vygotsky’s Zone of Proximal Development (ZPD). The presenter also 
includes reflection, collaboration and openness as the conceptual framework 
employed in the teaching and learning of limits. This deals with analysis of 
learners’ understanding of factorization, properties of zero, substitution, 
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infinity (∞) and trigonometry identities. I elucidate the sample, mathematical 
goals and purposes, description of the lesson, summary of findings and, 
conclusion and recommendations in the teaching of limits in higher 
education.    
 
THEORETICAL FRAMEWORK   
This article uses social constructivism as a tool to help learners understand 
their responsibility in the learning environment. The presenter’s role is that 
of providing educational materials and content which go beyond the 
learners’ current capabilities. This occurs through self-study activities for 
learners to step from their current level to a higher level of understanding. 
For over a decade, education faculties have used self-study as an effective 
tool for both teaching and discovery of knowledge (Louie et al. 2003).  The 
process can be understood with reference to Vygotsky’s ZPD, which 
explains to advance learners learning process. The ZPD emphasizes that 
social interaction plays a fundamental role in the development of cognition 
(Vygotsky, 1978). It is about “can do with help”, not as a permanent state 
but as a stage moving towards being able to solve a problem on their own 
(Atherton, 2005).  
 
CONCEPTUAL FRAMEWORK   
The presenter facilitates the learning process through the use of the 
following key concepts: reflection, collaboration and openness. This 
article explores learners’ understanding of: factorization, properties of 
zero, substitution, infinity (∞) and trigonometry identities.  
 
Reflection  
Reflection helps us (the presenter and learners) gain an increased 
understanding of what the learning material entails as well as an appreciation 
of the benefits of self-study (Samaras, 2006). It reflects on what went well; 
what did not; and what changes we can make to improve our lessons 
(Samaras, 2006). 
 
Collaboration 
Collaboration helps us move beyond our own personal views, by hearing 
other perspectives from different people. It also provides us with new 
insights in our study (Samaras, 2006).  
 
Openness 


 158







The presenter and participants are transparent to each other, trying to explain 
what actually happened in their process of learning. They share ideas about 
their work to reveal problems encountered in their self-study processes.  
 
Factorization  
Resolve numbers and/or expressions into factors.  
 
Properties of zero 
1.1 Division by zero is meaningless or is not allowed. 
1.2 Zero divided by zero is indeterminate. 
1.3 Any number to power zero is equal to one. 
1.4 Multiplication law of zero. The product of any number multiplied by 
zero is equal to zero 
1.5 Zero is an identity element for addition. Any number plus zero is equal 
to the original number. 
 
Substitution 
Substitution is the process of replacing something with something else. In 
mathematics we commonly substitute variables and symbols with numbers 
and/or with other symbols. For example, put x² + 3x – 1 = y or find x² + 3x – 
1 if x = -3. 
 
Infinity 
It sometimes happens that as x→a, f(x) increases or decreases without 
bound. In such case it is customary to write lim f(x) =+∞ or lim f(x) = -∞ 
respectively. They are read as plus infinity and minus infinity respectively, 
but it must be emphasized that are not numbers.   
 
SAMPLE  
The participants comprised a group of twenty five first year mechanical 
engineering students. The sample composed of different races and gender.  
 
THE MATHEMATICAL GOALS AND PURPOSES 
The first years’ mechanical engineering curriculum comprises the teaching 
of derivatives; differentiation and application of differentiation. In order for 
the learners to understand derivatives they need to master limits. The 
purpose of the lesson was to familiarize learners with limits in order to 
prepare a foundation for the learning of differentiation.   
 
DESCRIPTION OF THE LESSON 
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The lesson presentation used a self-study approach. In self-study teaching 
practices participants are expected to trace the algorithms and procedures 
used in the examples in order to get the solution.   It was divided into two 
tasks.  In the first task I instructed the participants to practice examples 1(a); 
1(b) and 2(a); 2(b) (see Appendix A pp 8 - 9). I also instructed them to work 
in pairs or in groups of not more than five participants per group to share 
their understandings and interpretations. This took a period of four days 
where participants were given these examples as tutorials. They should use 
their free periods and time available in their residences to do the task. The 
assumption was that they have enough knowledge to understand the 
examples.  
 
The second task was a classroom activity that requires learners to calculate 
the limits of exercises 1 to 12 (see Appendix B pp 9). This activity took a 
period of two hours from 10: 00 to 12:00. In this task I allowed them to work 
in pairs only. This was in two fold; there was student-student and student-
teacher interaction. At the end of the activity I gave the participants solutions 
of the problems in exercises 1 to 12 (see Appendix C pp 10-14). 
  
 
SUMMARY OF FINDINGS  
The findings indicate that many engineering students in the sample group 
lack enough mathematical skills to grasp the content of limits in the 
mathematics presented at first year level. The majority of participants 
indicate that they have a problem on how to factorize the difference of two 
cubes. Ostensibly, they do not practice examples before they attempt 
exercises.  
 
In exercises 1; 2; and 3 there is application of infinity (∞). Some participants 
could not address these problems. There was a need for explanation in these 
exercises to show the procedure on how to apply the ∞. The majority of the 
participants did not understand that any number divided by ∞ is equal to 
zero. The explanation was that for the quotient of two polynomials divide 
each term in the numerator and denominator by the variable with the highest 
power in the denominator and then use the fact that lim1/xⁿ as x →∞ = 0  for 
n>0. This indicates that the participants lack the understanding of the 
properties of infinity. With the exception of problems involving infinity, 
they have no problem with all other problems that only need direct 
substitution.  This indicates that they dealt with substitution thoroughly at 
school level.   
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In exercises 4; 5; and 6, all the participants knew the procedure to factorize 
the numerator and denominator expressions and cancel to eliminate factors 
that cause the problem to be indeterminate. They worked exercises 4 and 5 
easily but some struggled with exercise 6. This shows that they are familiar 
with factorization of quadratic trinomials. Some few participants show that 
they are not conversant with factorization of cubic polynomials although it is 
in syllabus for high school mathematics. Probably it is simple because it is 
only in higher grade syllabus. In example 1(b) there is explanation that in a 
cubic polynomial factors are in the form of linear and quadratic. The failure 
to factorize exercise 6 indicates that the learners either did not understand 
examples or did not bother themselves about practicing examples.      
 
The three exercises, 7; 8; and 9, need the understanding of basic 
trigonometry identities and double-angle formulae. For exercise 7; sin²x 
should be written as 1 - cos²x. For exercise 8; sin2x should be written as 2 
sinx cosx. For exercise 9; sin4x should be written as 2 sin2x cos2x and cos²x 
- sin²x should be written as cos2x. Exercise 9 was the most difficult problem 
for many students. Some students confirmed that they had never worked 
with double angle formulae in their high school mathematics. The reason for 
that is the system of standard grade and higher grade. Double angle formulae 
were meant for higher grade students only. The new curriculum (national 
curriculum statement) may probably be able to solve this problem, as there is 
one paper and the same syllabus for all high school learners.  
 
Exercises 10; 11; and 12, are similar to example 2(a) given to them in order 
to prepare the laying of a foundation for these exercises. The fact that the 
majority of participants could not find the factors of exercises 10; 11; and 12 
indicates that they either did not understand example 2(a) or they did not go 
through or practice the tutorials. Alternatively stated, it may have happened 
that the example was presented at a higher level than that of their 
understanding. In exercises 11 and 12 they failed to write the numerator and 
denominator in exponential form before trying to factorize. It is clear in 
these exercises that the participants did a little in the factorization of 
exponents.  
 
There is also an indication that the participants are not familiar with the 
integration of trigonometry ratios and algebra. Many participants showed 
that they knew the right procedures of how to solve problems on limits; they 
knew that they have to factorize the numerator and denominator and cancel, 
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but they could not resolve the expressions into factors. There were few 
individuals who did not know the procedures that were to be applied. 
Another noticeable problem was that the participants were not acquainted 
with problems where both the base and the index are variables as in 
exercises 10; 11 and 12, since the majority of the participants did well in 
exercise 3.  
 
Some students indicated that they are not accustomed to student-student 
interaction where they work together to find solutions. As a result they 
always need the approval of the lecturer to gain confidence in their 
calculations.  
 
In a reflection process the majority of students blame the system of standard 
grade as the main cause for their poor background in the understanding of 
limits. Some claim that they are not familiar to the teaching style used in the 
lesson to learn limits, that is, self-study approach. As a result they did not 
practice the given examples, waiting for the lecturer to do examples with 
them in the classroom first instead.    
 
CONCLUSION AND RECOMMENDATIONS 
Many students indicated that they experienced difficulties with factorization 
and application of infinity in the learning of limits. Mathematics teachers 
should deal with factorization thoroughly including integration of other 
aspects of mathematics, as factorization is applied across the spectrum in 
mathematics.  
 
Teachers should understand the links between high school mathematics and 
university mathematics to close the wide gap that exits between the learners 
at entry level and what is required of them. Sections like trigonometry 
identities and double angle formulae should be taught thoroughly as they are 
the basics of understanding first year mathematics in many aspects not only 
in trigonometry. 
 
Learners should be engaged in the collaboration process to work together in 
order to gain insight into their learning through student-student and student-
teacher interaction.   
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Appendix A 
 
Example 1 
 


Calculate  
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 if   (a) n = 70 (b) n = 72 


Solution 
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(b) If n = 72, both numerator and denominator approach zero as x approaches 6.        
      Thus x - 6 is a factor of the numerator as well as the denominator, so that  
     x³- 24x - 72 = (x - 6) (a quadratic factor) = (x - 6) (ax2 + bx + c) 
     x2 + 6x - 72 = (x - 6) (a linear factor) = (x - 6) (mx + k) 
The coefficients a, b, c, m, k are readily determined by inspection (or by division) 
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Example 2 
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Solution 
 
(a) Both numerator and denominator approach zero. To remove the factor causing 
this, the numerator and the denominator must both be factorized. For this we use the 
well-known algebraic identities. 
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(b) Here we divide the numerator and denominator by the highest power of x present 
in the quotient (in this case x3) and then use (limits) and it implications 
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Appendix B 
Calculate the following limits 
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Appendix C  
Solutions of problems in appendix B 
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THE USE OF EDUCATIONAL SOFTWARE: UNDER 
WHICH CONDITIONS WILL IT BE USED?      


Gerrit Stols 
University of Pretoria 


 
This research uses the constructs of Theory of Planned Behaviour to re-
analyse, organise and cluster teachers’ beliefs that influence their decisions 
to use computer guided instruction software. This study found that the 
perceived usefulness in combination with the perceived compatibility will 
result in favourable behaviour beliefs, which is the most important aspect 
when it comes to the adoption of new educational technologies. The two 
factors, perceived usefulness and the perceived compatibility, combined will 
result in a positive attitude towards the use of the software, and will result in 
the use of the software given a sufficient degree of behaviour control.   


BACKGROUND AND RATIONALE FOR THE STUDY 
In her address at the launch of Microsoft’s School Technology Innovation 
Centre, the Minister of Education, Naledi Pandor (2007), stated that “Our 
goal is to equip every manager, teacher and learner in general and further 
education and training with knowledge and skills to use ICT confidently, 
creatively and responsibly by 2013.” But is this a step in the right direction? 
In the case of the Gauteng online project, huge amounts of money have been 
invested in equipping certain schools with computer-based technologies. The 
project provided about 2 500 schools with 25 computers at a cost of R500-
million (Gauteng Presidential Imbizo, 2002). In line with this vision a 
partnership between an educational software company and a South African 
government organisation were established with the aim of piloting the 
educational learning software over a three-year period. The software suite 
covers the Mathematics, Chemistry, and Biology curricula. The software is 
designed to identify knowledge gaps, prescribe a personal curriculum, 
assesses competence, and gives learners immediate feedback. Looking back, 
after three years, it is clear that the project was not a success. Of the six 
centres where the educational software was to have been used, only one of 
the six centres used it effectively. The question is what can we learn from 
this project? Will we be able to justify this investment in technology in terms 
of return in student achievement? If it is possible to explain or predict the 
successful use of educational technology it will save us from making 
expensive mistakes.  







THEORETICAL FRAMEWORK 
Hew and Brush (2007) examined barriers affecting teachers’ use of 
technology for instruction and identified attitudes and beliefs about teaching, 
learning, and technology as one of the six main categories of barriers. An 
analysis of the teacher survey data shows the importance of teachers’ beliefs 
in the context of technology use. The Theory of Planned Behaviour (TBP) 
explains the relationship between beliefs and behaviour. The TPB explains 
human action and suggests that human action is guided by behavioural 
beliefs, normative beliefs, and control beliefs (see figure 1). Together, these 
three factors will determine the behavioural intention, and hence in the end, 
also the behaviour with a sufficient degree of actual control over the 
behaviour. Ajzen (1991) explains that behavioural beliefs are beliefs about 
the likely outcomes of behaviour and the corresponding judgements about 
these outcomes, while normative beliefs are about the expectations of other 
people and motivation to comply with their expectations. Control beliefs 
involve the presence of factors that may facilitate or impede performance of 
the behaviour and also the perceived power of these factors. These three 
considerations can produce a positive attitude towards the behaviour, and 
will result in perceived social pressure, and give rise to perceived 
behavioural control (Ajzen, 2002). Control factors include both internal 
factors and external factors. Internal factors are about skills, abilities, and 
emotions, while external factors include environmental factors.   
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Figure 1: Theory of Planned Behaviour (TPB) 
 


Information technology (IT) researchers have also developed several models 
to explain software utilisation, for example the Innovation Diffusion Theory 
(IDT). This model explains that the main characteristic that determines the 
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acceptance and use of a technological innovation is the relative advantage, 
the complexity and compatibility of the innovation (Rogers, 1995). There 
exists a great similarity between the variables of Technology Acceptance 
Model (TAM) (Davis et al. 1989) and IDT. The relative advantage of IDT is 
related to the perceived usefulness of TAM. The complexity of the 
technology of IDT is related to the perceived ease of use. However, TAM 
does not make provision for compatibility; that is, whether the use of 
technology is consistent with the existing values and past experiences of the 
user. Combining the TPB and IDT results in a new model (see figure 2) that 
has the potential to improve our understanding of technology use for 
instruction.  


RESEARCH AIM 
The study uses the Theory of Planned Behaviour (TPB) to re-analyse the 
data from the PLATO project (GISRC, 2006) with the aim of improving 
understanding of the enabling conditions of instructional technology use. 
The aim of this research is to identify the behavioural beliefs, normative 
beliefs and control beliefs held by teachers and technology implementers 
about the use of technology for instruction.  
The research will contribute to the understanding of the motivational 
influences on the implementation of educational technology. It can therefore 
be used to predict the success of the implementation of educational 
technology. If we know the nature of the behavioural, normative and control 
beliefs and the interplay between them, this research can be used to target 
strategies to improve the success of the implementation of educational 
software.       


RESEARCH METHOD 
The data for this study comes from a research done by the GISRC (2007). 
The author of this paper was a research evaluator for this project. The 
original study was done by the GISRC. They used in-depth interviews with 
centre managers, administrators, and facilitators at the six different project 
sites as quoted in the draft report compiled by the GISRC.  The interviews 
were based on the response of the participants on a structured questionnaire. 
These semi-structured interviews were recorded, transcribed and analyzed. 
The published data were used and re-analysed by the author in terms of the 
Theory of Planned Behaviour (TBP). Although the data source is not 
confidential, the source will not be mentioned because of the sensitive nature 
and the possible identification of participants, software companies and 
government departments involved in this study.  
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Six pilot sites were chosen on the basis of their location, the availability of 
appropriate computer hardware, and the groups of learners who could be 
served at the sites. The participants from the different pilot sites include 
centre managers, a former manager, facilitators, and administrators. The 
actual pilot sites were visited by the GISRC with the purpose of checking the 
availability of hardware and to insure that the software was installed.  For 
identification purposes the six sites will be referred to as Site A, B, C, D, E 
and F.  


SITE A 
Site A is situated in Pretoria, the capital city of South Africa, and is 
surrounded by three townships.  
Behaviour Beliefs 
Ajzen (2002) uses three categories of beliefs to explain human behaviour, 
that is, behavioural beliefs, normative beliefs, and control beliefs. According 
to the TBP model behavioural beliefs will produce a positive or negative 
attitude towards the behaviour; the normative beliefs will result in perceived 
social pressure; and the control beliefs will give rise to perceived behavioural 
control. Behavioural beliefs also include beliefs about the usefulness 
(relative advantage), perceived ease of use (complexity), and compatibility 
of technology with the innovation. The compatibility beliefs are beliefs about 
the consistency of the technology use with the existing values, practices and 
experiences of the teacher.  
Perceived Usefulness  
If implementers of technology do not perceive it as useful they will not use 
it. From the interviews at site A it was evident that the software was 
perceived as a useful because of the ability to prescribe a personal 
curriculum and to close knowledge gaps, the ability to create progress 
reports, the fact that a learner can work at his own pace (in privacy), and also 
because of the quality of the content and the way it is presented. We can see 
that from the following remarks from the interviews made by the manager of 
centre A: 


‘What I like about (this software) is that the learner can work at his own pace,’ 


‘What I like about the program is, because I see it with my own eyes, that it is 
individually tailored because our problem was to identify the gap. We tried to fix this 
before, and we were battling…the lecturer has no idea where the gaps are…he wants 
the syllabus and he starts teaching. The diagnostic facility that (this software) has gives 
you a clear indication of where the gaps are. 


‘One of the important features of (SOFTWARE) is its ability to diagnose and allow the 
user to work directly on specific problem areas.  
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‘Yes, you can see that on the progress report when learners excel, … Most of them say 
they have benefited from the program and are committed because they can see their 
progress. The students can see their progress on the screen, and we are able to provide 
the lecturers with that information…we compile the progression plan as it is a six-
month course’ 


The book ‘How people learn: brain, mind, experience, and school’ (1999), 
published by the National Research Council summarises the most important 
findings from the fields of neurosciences, cognitive and social psychology 
about effective learning. The consequence of these findings for the creation 
of effective learning environments is that it must be learner-centred, 
knowledge-centred, assessment-centred, and community-centred. According 
to the Bransford, Brown, and Cockling (2000) some of the features of the use 
of technologies are consistent with these four principles because many new 
technologies are interactive. It is therefore easier to create environments in 
which students can learn by doing and continuously receive feedback. We 
can see clearly from the above quoted interview data that three of the 
advantages highlighted by the manager were about the learner-centeredness, 
knowledge-centeredness and assessment-centeredness of the software.  
It is important to note that the improvement of learners’ performance and 
productivity was never raised as a possible advantage. This is in line with the 
research done by Cuban (2001) who remarks that: “When it comes to higher 
teacher and student productivity and a transformation in teaching and 
learning, however, there is little ambiguity. Both must be tagged as failures” 
(p. 179). The introduction of technology for instructional purposes takes 
more time and money. Ching, Basham and Planfetti (2005) have found from 
research that “student-centered, technology-integrated learning environments 
help to produce students who are better able to think critically, solve 
problems, collaborate with others, and engage deeply in the learning 
process” (p. 226). From this it is clear that this software has the potential to 
support and foster constructivist learning environments.  
Perceived Ease of Use (Complexity) 
From the interview data it was clear that the implementers did not perceive 
the software as easy to use. Although the diagnostic facility is seen as useful 
tool to identify knowledge gaps, it takes too much time comparing to a paper 
and pencil test.   


‘It was difficult to interpret the reports at the beginning because there are so many 
various ways to ask for the report that it can be confusing … I would say that the 
process of getting a proper report from (SOFTWARE) is not user friendly’.  


They decided to rather use a short paper based questionnaire as diagnostic 
tool to make sure that the right learners go into their program. 
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‘We’ve used another test to make sure that the right learners go into the program, 
because (SOFTWARE) takes a long time. We wanted the results on the same day 
because, remember, we have trouble with the learners – they come here with a Grade 
12 certificate in their hands … So we needed a test that’s very short, which takes about 
an hour or two, and (SOFTWARE) cannot do that, it’s too big a program. We simply 
use a paper based questionnaire,…’ 


Comparing the weight of the perceived usefulness with perceived ease of 
use, it is clear that implementers are willing to overcome the hurdles of 
complex software if they perceive software as useful.  
Perceived Compatibility  
Research suggests that a relationship exists between pedagogical philosophy 
and the perceived usefulness of technological use (Ching et al., 2005). Zhao 
et al. (2002) followed a group of K-12 teachers who attempted to use 
technology in their instruction and found that when a teacher’s pedagogical 
beliefs were consistent with the technology, the effort of using technology 
was more likely to yield positive results. The convictions of the manager of 
site A indicates a compatibility between his own pedagogical philosophy and 
that of the software developers and he therefore experienced the software as 
useful. According to the company the software, , was designed to identify 
knowledge gaps, prescribe a personal curriculum, assesses competence, and 
gives learners immediate feedback. From a constructivist view not only 
learners, but also teachers think and evaluate situations in terms of their 
previously constructed knowledge, skills, attitudes and beliefs about an 
effective classroom environment.  
Normative Beliefs  
Normative beliefs refer to the perceived behavioural expectations of 
important individuals, leaders, groups or colleagues. The TPB assumes that 
these normative beliefs in combination with the person’s motivation to 
comply with them determine the subjective norm. Research has shown, 
according to Hew and Brush (2007), that school leadership can hinder or 
promote the integration of technology by teachers. In the case of site A the 
former head of the site was directly involved in the introduction of the 
software at the site. He took ownership and responsibility for the project.  
Control Beliefs 
In the context of this article perceived behavioural control can be defined as 
factors influencing the extent to which the implementer or site manager feels 
his/her staff are able to use the educational software. The TPB refers to 
internal and external factors; both internal and external factors that are not 
under the individual’s control might impede the use of technology. Site A 
has a huge computer room housing some 40 computers that are fully 
functional. The computer lab has a fulltime administrator, facilitator, and 
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fulltime assistant. Access to the centre is relatively easy. The degree of 
behaviour control was sufficient because of the presence of:  


• a well trained facilitator that knows the software and the specific 
subject 


• good support from the software suppliers 


• a network with PC’s that are able to handle the program 


• easy access (transport) for the learners to the centre 


• a skilled IT administrator 
The high degree of control behaviour is also evident from the following 
remark by the site manager:  


‘We do get the ordinary trouble, like power failure and other things, but the IT guys 
are available to assist us, and they would fix that’.  


The site manager of site A explained the importance of well trained staff and 
administrator:  


‘If there is no proper training and good planning by the staff, (SOFTWARE) can still 
work but the results will not be good…because if you simply have somebody who 
knows something about (SOFTWARE), you could simply start working; but there are 
much more effective ways to use the program. I think that is one thing that we were 
not always aware of, but you should be properly trained and know what you are 
doing.’ 


‘If your administrator is not skilled or knowledgeable, you get reports that do not make 
sense or are difficult to interpret. The reports are generated by (SOFTWARE), but you 
need to know what to ask the computer for, because you can ask for different types of 
reports… your administrator must be good; if not, it can get confusing.’ 


According to him it is not just the general technological proficiency of the 
staff that is important, but also the subject knowledge of the facilitators.  


‘You need a trained facilitator, preferably someone who has been trained on the 
(SOFTWARE) program itself, so that he knows what it can do; but definitely someone 
who knows the subject. It does not help to put a tutor there and his own numeracy 
abilities are highly questionable, because then he cannot help the learner, and 
according to that it would be your first prize to have somebody who has knowledge of 
the subject and the program ... If they know what they are doing, the system does 
work’. 


The impact of the lack of content knowledge and pedagogical content 
knowledge is a well-known prerequisite for teaching, with or without 
technology. When teachers lack these kinds of knowledge they will not be 
able to use technology effectively and wisely in the classroom. This is why 
teachers often fail to take advantage of technology. 
The previous remarks about the perceived ease of use of the software 
indicate that they did not find it easy to customise the software according to 
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their particular needs for the numeracy curriculum. But the technical 
assistance of the software support section enabled them to overcome the 
problem. Their system administrator found it difficult to create appropriate 
progress reports but they also overcome this problem with the assistance of 
the software support section. The fact that they overcame these problems 
does not only illustrate that they perceived it as a useful tool, but also shows 
a high level of perceived behaviour control. When they could not solve a 
problem themselves they contacted software vendors to help them. From the 
remarks it is evident that the perceived behaviour control and the actual 
behaviour control correspond.  
Behaviour intention and actual behaviour 
The behavioural beliefs about the usefulness of the software produced a 
favourable attitude towards the use of the software. Although not mentioned, 
we know that in general that the expectations of the funder and leader of a 
project will result in perceived social pressure to use the software. The 
perceived positive power over the external and internal factors that can 
impede the project led to the fact that the centre manager felt able to enact 
the behaviour. The positive attitude, social pressure, and behaviour control 
led to the intention to use the software. According to the proposed theoretical 
framework the actual successful behaviour came as no surprise. At the time 
of the site visit there were students at almost every computer, working on 
their lessons. They bought the program even before the start of this project.  


SITE B 
This site is in the Limpopo province, about 600 km’s from Johannesburg, the 
headquarters of the Software Company. The site is surrounded by a number 
of communities and schools that are relatively far from this site. The site has 
a computer laboratory housing some 25 computers. The site manager left 
four months before the site visit took place. From the interview with the 
manager, it is clear that the software was not implemented because he was 
unable to comment on any aspects or difficulties of the software and also 
complained about unknown passwords.  He and his facilitators did not have a 
sufficient degree of knowledge, skills, and support staff to control and use 
the software. The fact that they did not have the perceived power over the 
impeding factors was clear from the following remarks:  


“there was no one who came to our rescue”; “In fact, he never came to the centre to 
assist us with the problems we had. He never came … I would also experience a 
problem and I did not know what to do to sort it out”.  


They did not have the IT support staff to help them with general basic 
problems and did not have the skills to solve them themselves. The result of 
this, according to the proposed model, was that they did not feel able to enact 
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the behaviour. According to the response from the site manager it was also 
clear that he did not assume any leadership role or ownership of the project. 
Using the TBP model, the actual behaviour was predictable. The software 
was not installed in any of the 25 computers in the lab. In an interview later 
it emerged that the software was installed on the older computers, which 
stood on the floor along the wall. There were also no learners enrolled for the 
program and they could not remember whether there had ever been any 
activity on the specific software that year.  


SITE C 
This site is situated in KZN and it serves learners who are bussed in daily 
from schools in the province. The centre manager as well as a learner did not 
find the program useful and they perceived it as difficult to use. The site 
manger believes that: 


‘…one thing is clear: the roll-out of (SOFTWARE) country-wide would not be a 
worthwhile exercise.’ 


This will produce, according to the proposed model, an unfavourable attitude 
towards the use of the software. This was also clear from the frustration of 
the centre manager that felt unhappy about the way the department 
introduced the software:  


We were getting (THE SOFTWARE) and there was no marketing involved, and 
therefore there was no choice. By the time we had contact with (SOFTWARE 
COMPANY), it was already a foregone conclusion that the software was coming here. 
In the same way we couldn’t have anticipated all the challenges and constraints that we 
were faced with … My feeling is, don’t come and tell us that we need (THE 
SOFTWARE), ask us.”  


With this negative attitude towards the use of the learning software there will 
be no intention to use it. They also do not believe that they have the skills 
and abilities to overcome the factors, like lack of equipment that impeded the 
use of the software.  


‘This was another problem, we had been without facilitators. A few of us were trained 
in the program, but the problem was the unavailability of facilitators. None of the 
(SOFTWARE) project was actually funded, we were given (SOFTWARE) and we did 
not have a facilitator.’ 


‘The main problem we found was that there was a lot of vandalism of computers 
because we did not have a facilitator. We found our hardware missing and one of the 
computers didn’t have a ram in it, and they were taking out the keys from the 
keyboard, and everything was going wrong’. 


From the remarks of the site manager it was clear that the culture of learning 
of the students and the philosophical foundations of the software were not 
compatible at this venue:  
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‘(SOFTWARE) does not spoon-feed, and therefore those who come in to use 
(SOFTWARE) almost find it as a huge minefield, and it actually intimidates them and 
makes people feel inferior’. I have observed schools coming to the science centre, and 
it seems to me in the rural schools which are Zulu speaking schools, learning is seen as 
group activity. I watch the children at the exhibits, they never go alone, and in fact 
there is a whole group around and they actually seem to be happier when there’s a 
whole group and there’s someone teaching them.  


‘In other words, this idea of investigative learning is clearly not something which 
happens at the school. You can see that it is a top down approach, the idea that you 
learn by discovery by yourself, and it is clearly not something they are used to. Again, 
I am not sure if this method of discovery learning is suitable for our rural schools. I 
don’t think that they have experience of it, for it to be effective. I am not saying it 
never will be, but I think discovery learning at present is the most effective and if 
people have never done it before, and they are used to being taught by a teacher, when 
a system like (SOFTWARE) relies entirely on self-driven learning, it is introducing a 
whole new philosophy of education.’  


The effect of that was a negative attitude towards the use of the software by 
the manager.  In fact during the site visit there was no activity involving the 
software when this research was conducted. There was no exact figure given 
for the number of learners who had benefited from the project. The 
interviews with the science centre staff revealed that some learners came to 
visit the computer lab room, although it was not clear whether they used the 
program.  


SITE D 
This site is in the Free State. What is interesting is that the centre manager 
worked for the funder (government organisation) before the pilot study (and 
later on moved to the pilot site as manager) and supported the use of the 
specific software.  
The site has a computer laboratory with some 25 computers, and also a well 
equipped science laboratory. All the computers in the computer lab support 
this specific software. This site has dedicated highly skilled staff who are 
scientists in their own right, with many years of teaching experience. As 
mentioned, the centre manager previously worked for the funder (a 
government organisation), where he was responsible for choosing the 
specific software and decided to do the pilot project. When he accepted the 
position as centre manager at this site he knew about the software and made 
arrangements for it to be moved to his site. He implemented different 
computer based educational programs at this site. The software company 
assisted them and was always there to help.  


We had a few glitches here and there, but (SOFTWARE COMPANY) was always 
available to help us when we were experiencing problems. When (THE SOFTWARE 
COMPANY) installed the program at (THE SITE) they workshopped us on how to use 
it, and also made sure that we fully understood what needed to be done in case we 
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experienced problems. I really can’t complain about the technical support that we are 
receiving from (THE SOFTWARE COMPANY).   


What they do (THE SOFTWARE COMPANY) is that they install the program on the 
server, and then connect it to a maximum of 24 computers. It is fully operational. 


At first glance it seems as if this site is an ideal site for the implementation of 
this kind of project. But the main problem was that the site manager’s 
original perception of the usefulness of the software was based on the 
evaluation CD:  


‘I based all my evaluation on a demo CD that I had…it was brilliant, it had beautiful 
clips and had all the elements of what one would like to see in a program of that nature 
…We based our decision on the demo CD – and a demo CD and an actual program on 
site are two different things’.  


The main issue here is the perceived usefulness of the program: 
I have a problem with (THE SOFTWARE) and, frankly speaking, there are critical 
parts that are missing, like your physics at FET level – there is nothing there. There is 
a lot of stuff in there that our syllabus does not require. If only (SOFTWARE) would 
customise the program, chop off all the other things we don’t need, and make it 
affordable….the bulk of it has stuff that we don’t need in our syllabus.  


I would advise [the government]not to continue with (THE SOFTWARE). It is 
expensive; there are other products on the market that can serve the purpose much 
better than (THIS SOFTWARE).  


It does not matter how favourable the conditions in terms of behaviour 
control is, if the users do not perceive the software as useful it will produce 
an unfavourable attitude and that will not lead to the intention to use the 
software. It was clear from the comment from the manager that the learners 
did not really use the software:  


If they (learners) come, and they have certain topics to go through, they’ll sit down and 
work with other software, because they belief that this specific software is not going to 
help them.  


SITE E 
The learning software was introduced to another site because of a merger 
with another institute. The facilitator was not convinced about the usefulness 
of the software, although it was implemented:  


some people at the university did not see the need for this software … some people in 
the department did not see the need for it.    


I just felt that we were wasting our time here. You must also remember the students 
were always busy with other subjects.  


This is an interesting case because, according to the TBP model, this 
recalcitrance together with the difficulties that they experienced in using the 
program will create an unfavourable attitude towards the use of the program. 
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When the facilitator was asked whether the software should be implemented 
nationally, the answer was ‘no’. But the facilitator’s social pressure came 
from the Head of Department that assigned the responsibility of 
implementing the software to the facilitator. The facilitator did not have a 
choice and given the actual behaviour control it was possible to implement 
the use of the software. The actual behaviour and the degree of the perceived 
behaviour control at this site correspond, and were sufficient for the 
implementation of the project because of the high levels of IT skills available 
at this IT Department on a University site. If they could not solve a problem 
they contacted the software’s service provider to fix the problem.  


‘When we called (THE SOFTWARE COMPANY) – we used to call them when the 
problem couldn’t be fixed by even our best technician or our administrator – that 
would be a (SOFTWARE) problem and there had to be a person from (THE 
SOFTWARE COMPANY) who would come and fix the problem’. 


The facilitator just passed this pressure on to the students by making it a 
compulsory course: “We didn’t actually care about the questions they (the 
students) were going to ask, we just had to implement it, whether they liked 
it or not. They eventually got used to it….it was slotted somewhere into their 
timetables”. That resulted in an implementation where nobody actually wants 
to use the software and nobody cared how it was used. The following remark 
explains it:  


‘We didn’t actually care about the questions they (students) were going to ask, we just 
had to implement it, whether they liked it or not. They eventually got used to it….it 
was slotted somewhere into their timetables’. 


The first two years the software was not used at all. After that they made it 
compulsory for the students to use the software. The students used the 
software once a week. From the remark of the facilitator it is clear the even 
that did not help:  


‘We tried to convince the students, but I don’t think it was done in an appropriate 
manner. …If we had had everyone in the department involved, I think we would have 
won and had a lot of students – and we wouldn’t have had half as many problems. We 
wouldn’t have had so few students in the end. …Towards the end of the year …”. 


The combination of a high degree of behaviour control and high level of 
normative beliefs resulted in the implementation of the software, BUT an 
ineffective and carelessly low level of use of the software.   


SITE F 
This site is a well resourced private institution in Pretoria. The former 
manager of the computer lab made it very clear that they did not perceived 
the software as useful at all and do not have the time to use it. He sees the 
teacher as still the most important element of education. It is clear from the 
TBP model that this will results in a negative attitude towards the use of the 
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software. There was also no social pressure from other people that was 
important to them. That will lead to the intention of not using the software. 
There was no evidence that this software was used by anybody at this site.   


FINDINGS  
This study used the Theory of Planned Behaviour (TPB) as a point of 
departure to understand the use technology for instructional purposes. The 
TPB and IDT combined have the potential to improve our understanding of 
technology adaption. From the six case studies the following categories of 
beliefs that can influence the implementation of educational technology 
emerged:  
Behaviour Beliefs about 


• the usefulness of the software  
• how easy or complicated the software is to use 
• the pedagogical compatibility of the software 


Normative Beliefs about  
• the expectations of the funder of the project 
• the expectations of the leader or manager of the project 


Control Beliefs 
• Internal Control Beliefs about 


o the general computer skills of the facilitators  
o the ability to use the educational software 
o the subject content knowledge of the facilitators 


• External Control Beliefs about  
o the infrastructure 
o the educational software support staff 
o the IT support staff 
o access to the computers 


The importance of the usefulness in combination with the pedagogical 
compatibility emerged from this study. From the remarks we can conclude 
that the philosophical foundation about teaching and learning of the software 
(more in line with a constructivist approach) is different from that of the 
implementer at some of the sites. At site A where the implementation was 
successful the implementer agrees with the educational philosophy of the 
software developers: 


What I like about (this software) is that the learner can work at his own pace,… 


What I like about the program is, because I see it with my own eyes, that it is 
individually tailored because our problem was to identify the gap. 


On Site B the implementer did not know the software at all and did not 
install it on any of the 25 computers in the lab. At site C the implementer 
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expresses his frustration and did not agree with the educational foundation of 
the software:    


[THE SOFTWARE] does not spoon-feed, and therefore those who come in to use 
[SOFTWARE] almost find it as a huge minefield, and it actually intimidates them and 
makes people feel inferior …  


Again, I am not sure if this method of discovery learning is suitable for our rural 
schools. 


At site D the implementer complains about the fact that the software takes 
one back to fill the knowledge gaps and one cannot proceed with new 
content before the gaps are filled. It is interesting that the most useful part of 
PLATO was also the most frustrating part from some the facilitators’ point 
of view: 


… requires you to do a test, which is a very long test. It requires you to answer a 
certain set of questions with increasing difficulty, and depending on your performance, 
it places you on a certain level. Now you will be restricted to that level until you are 
able to improve your performance in fast track. Fast track alone is very long, and it 
turns our learners off in the sense that they are not able to zoom directly into what their 
needs at the moment are; they are restricted by the fast track part of the program…So 
that serves as a barrier to what the learners want to do …. But all the other programs 
that we have got that menu available at a click of a button. 


The main reason learners are reluctant to use (THE SOFTWARE) goes to the issue of 
user friendliness and the speed at which the learner is able to get what he needs.’  


They want a quick and easy solution and were willing to sacrifice learners’ 
prior knowledge and understanding in the process. The implementer of site E 
did not bother about the educational philosophy of the software or the 
learners. He was assigned with the task from his HOD to implement the 
software and tried to do so.  


We didn’t actually care about the questions they (students) were going to ask, we just 
had to implement it, whether they liked it or not…  


In the end the implementation was not successful and the fact that the 
software forces a student to fill there knowledge gaps frustrated him:  


…there is no way you can manipulate the software …  once you actually get inside a 
test, once you actually start working on the program, there is no way you can 
manipulate it – not from my experience, unless the guy is a hacker or something … 
just felt that we were wasting our time here. 


The main difference between site A, D, and E is the perceived usefulness in 
combination with the pedagogical compatibility of the software by the 
implementers. In terms of normative beliefs and control beliefs sites D and E 
have an advantage over A. This indicates that the perceived usefulness in 
combination with the perceived compatibility creates favourable behaviour 
beliefs which are the most important aspect when it comes to the adoption of 
new educational technologies. The two factors combined, the perceived 
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usefulness and the perceived compatibility of the software, will results in a 
positive attitude towards the use of the software, and will result in the use of 
the software given a sufficient degree of behaviour control. However, both 
the perceived usefulness and the compatibility depend on the educational 
philosophy of a teacher.  


IMPLICATIONS 
The starting point of any implementation of an educational technology 
project must firstly focus on the usefulness and compatibility of the software. 
The leaders or managers, the facilitators, the teachers, and the school 
students must all perceive the technology as useful. But to be able to 
perceive the software as useful the educational philosophy must be 
compatible with their pedagogical beliefs. Both the “perceived usefulness” 
and “perceived compatibility” determine the teacher’s attitude towards the 
use of technology for instruction. These factors, together, will determine the 
intention of the teacher to use technology for instruction given a sufficient 
degree of actual control. 
In future, when selecting sites for educational technology innovation, the 
first question to ask is whether the implementer perceived the software as 
useful and, whether the educational philosophy of the software developer 
matches with that of the implementer. Having answered these questions it is 
important to ensure that the site has well equipped computer labs and 
competent support staff. Before implementation can take place an extensive 
training program must be implemented.   
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A MINI-OLYMPIAD FOR RURAL SCHOOLS  
Sicelo Majola  


Tshanibezwe High School, Bergville district 
 
The presentation is a report on a Mathematics Olympiad in a rural area: its 
organization, its successes, its failures and plans for future competitions. The 
particular Olympiad is due to be held on Saturday 24 May 2008 at the 
Okhahlamba Education Centre in Bergville in the KwaZulu-Natal Midlands: 
a date ahead of the publication of this report but before the Congress.   


 
A MINI-OLYMPIAD FOR RURAL SCHOOLS  
 
What follows is a description of the pre-competition organization. Mr 
Majola's presentation at the Congress will include a report on and a 
reflection of the actual event. 
 
The Background 
 
Four years ago a small syllabus-oriented competition in the Emangwaneni 
ward was organised. The educators in the cluster of eight schools met 
regularly at the centrally-situated school of the coordinator of the cluster Mr 
Sicelo Majola. The eight schools participated in the competition; much fun 
was had by all and Mathematics received a much-needed boost. The DoE 
sponsored the competition and prizes. 
 
There are thirty high schools in the Bergville circuit which offer 
Mathematics to Grade 12. Their Mathematics educators meet fortnightly for 
workshops at the Okhahlamba Education Centre. The Centre is well-
equipped with facilities such as a science laboratory, a computer laboratory 
and conference and discussion rooms. 
 
For the record, the Education Centres in KZN were built through a 
partnership between the DoE, local funders and overseas funders such as the 
Flemish Government.  The Flemish are continuing their support for the 
Education Centres by rolling out teacher development programmes in 
Mathematics, Science and ICT.  The Mathematics programme is run by Sue 
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Southwood of the VULA Mathematics Project at Hilton College. This 
Olympiad is a spin off of this Project. 
 
Mr Majola suggested that, based on the positive experience of the 
competition in his ward, the educators of the Okhahlamba Mathematics 
group organize another competition: an Olympiad. This time it would be on 
a bigger scale and involve all the schools in the circuit.  
 
The motivation behind such a competition was to stimulate interest in 
Mathematics with the added incentive of prizes develop problem solving 
skills in a different environment generate enjoyment, interest and enthusiasm 
and exciting moments for both learners and educators make a positive link 
between attitude and achievement have fun doing Mathematics 
 
The Organization 
 
This needed to be a community project so the first people to get 'on board' 
were the Mathematics educators. After discussion at a workshop, a 
committee under the Chairmanship of Mr Majola was formed. Its members 
were Mr Majola, the cluster coordinators of the other three wards, Ms Pam 
Robertson of the Culture of Learning Association and Mrs Sue Southwood 
of the VULA Mathematics Project. All matters were discussed at regular 
committee meetings and aired at the fortnightly VULA Mathematics 
workshops, after which decisions were made. 
 
The school principals were informed of the event in a letter signed by Mr 
Majola and co-signed by the Mathematics Subject Advisor, Mr Eric Mthonti, 
and asked to encourage the participation of their educators and learners. 
 
Each member of the committee was allocated specific tasks. For example 
 
The cluster coordinators were responsible for communication with their 
clusters and the distribution and collection of entry forms the chairman 
liaised with the Department and the sponsors and controlled the budget 
Ms Robertson organized the venue and the food Mrs Southwood set the 
papers and supervised their marking 
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Each of the thirty schools entered five learners. They competed as 
individuals and as a team. Each group of learners was accompanied by an 
educator. These educators formed part of the supervisory team on the day of 
the competition – as invigilators, markers and the distributors of food and 
prizes. 
 
Sponsorship and prizes 
 
Every organization that was approached immediately and willingly agreed to 
support the initiative. This was very gratifying. CASIO provided a floating 
trophy for the best team, a graphing calculator as a first prize, scientific 
calculators and watches. Mrs Anne Eadie of The Answer donated a set of 
four books to each participating school. The Bergville Spar provided food for 
the one hundred and fifty learners. The Okhahlamba Municipality donated 
three trophies: one for the best school team, one for the educator who 
managed the best team and one for the best learner. They also provided 
medals and food for the educators. Hilton College gave forty pens. Their 
VULA Mathematics Project sponsored the printing of the certificates and the 
papers.  
 
Disappointingly, at the time that this report was written, nothing had been 
received from the Department of Education. 
 
The paper 
 
None of the learners in the region and very few of their educators had ever 
been involved in a Mathematics Olympiad before. It was decided that a 
Sample Paper, with solutions, should be set and distributed to the schools 
four weeks before the actual competition. This could be used as a selection 
instrument and/or a training exercise. This idea was very successful: it 
provoked much discussion in the classrooms and at the fortnightly 
workshops.  
 
The brief given to the examiner was to set a genuine Olympiad-type 
problem-solving paper but with the proviso that it be 'user-friendly'. The 
topics were limited to those that had been covered in class before May of 
2008. They were: 
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Number   Classification and conversions 
Mensuration   Area and volume 
Graphs   Straight lines, hyperbolae, exponential graphs, 
parabolas 
Transformations  Reflections, translations and rotations 
Analytical geometry Basic formulae up to Grade 10 work 
Algebra   Simplification, expansion, factors 
Equations   Linear and quadratic equations 
Exponents   Numeric 
Number patterns  Linear and quadratic 
Geometry   Lines, triangles and quadrilaterals 
 
There was much discussion on whether or not calculators would be 
permitted. The examiner was adamant that the calculators were not in the 
spirit of an Olympiad. As is done elsewhere, the front page of the paper 
stated "These questions have been designed to test insight. Long and 
complicated calculations should not be necessary." 
Some examples from the Sample Paper follow. 
 


- The product 1 1 1 11 1 1 1 1
5 6 7 8


⎛ ⎞ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞ ⎛+ + + + +⎜ ⎟⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜
⎝ ⎠ ⎝ ⎠ ⎝ ⎠ ⎝ ⎠ ⎝ ⎠


1
9
⎞
⎟   is equal to . . . 


 
- If   x 1 3+ =   then  ( )2x 1+  is equal to  .  .  . 


 
- Which of the following graphs does not have a y-intercept of (0; 4)? 


 
  (A) y = 3x + 4 
 
  (B) y = (3x − 1)(x − 4) 
 
  (C)    y = 2x + 4 
 
  (D) y = (x −2)2    
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  (E) y = (3x + 1)(x + 4) 
 
- The equation of the image of the straight line x + 2y = 1, after an 


anti-  clockwise rotation through 180̊ about the origin, is   
  
  (A) y + 2x = 1  
 
  (B) −x + 2y = 1  
 
  (C)    x − 2y = 1 
 
  (D) x + 2y = −1      
 
  (E) x + 2y = 1 
 
- Angle ACB is always acute. Lines are drawn from the vertex C 


as shown. There is one acute angle in Diagram I, there are 
three acute angles in Diagram 2, there are six in Diagram 3, etc. 
If the pattern were to be continued, how many acute angles 
would there be in Diagram 6? 
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                        A                                      A                              A 
 
 
         C                 B                    C               B                   C                B 
 
After the Olympiad 
 
Mr Majola will describe the actual competition, reflect on its successes and 
shortcomings and describe plans for 2009 
 
Requirements: Data projector for the PowerPoint presentation 
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MATHEMATICS TEACHING AT GET FOR STRUCTURAL 
CONCEPTION: Analysis of Grade 5 Performance 


 
Prince S. Jaca 


Walter Sisulu University 
 


This paper reports on the performance of Grade 5 learners from eight schools 
selected from one of the rural districts of the former Transkei in the Eastern Cape 
Province. Statistical data analysis on the response of 534 learners, between-
school-comparison and item-by-item analysis are conducted. During an item-by-
item analysis it is established that there are items that most learners find difficult 
and another set of items the same group of learners find easy. On characterization 
of these two sets of items it is recommended that GET teachers should attempt to 
design activities that facilitate structural conception. 


INTRODUCTION 


More than 2200 Grade 4 to Grade 7 learners from eight rural junior secondary 
schools participated in the Mathematics Challenge during Mathematics Week in 
September 2007. This paper is the first on the series that will be reporting on the 
performance of these learners, and what that performance means for mathematics 
teaching and whole school initiatives are concern. This paper reports on the 
performance of Grade 5 learners who wrote Mathematics Challenge 2007, and it 
must be emphasized that all Grade 5 learners in the selected schools participated. 


AMESA Mathematics Challenge 


Mathematics Challenge traces its history as far back as 1977 when Mona 
Leeuwenburg initiated, organized and ran mini-mathematics competition for Grade 
7 learners in the Cape Peninsula. It has undergone many changes and 
developments to what today is known as AMESA Mathematics Challenge. 


This Mathematics Challenge is intended as a vehicle to influence mathematics 
teaching and learning. It influences teachers’ view of not only what is worthwhile 
to teach, but also how to teach it effectively and to provide some supporting 
activities. It also influences children’s view of the nature of mathematics. It is 
intended to promote problem solving, mathematical reasoning and mathematical 
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communication (http://amesa.org.za/Challenge/). It cannot be claimed that the 
nature of questions accurately measures learners abilities (Olivier, A., (No) More 
Winners in the AMESA Mathematics Challenge) and capabilities. This paper is 
positioned in that this Challenge can give us a peek to the mathematics teaching 
and learning. 


Mathematics Challenge is a 25-item questionnaire for each Grade currently 
designed such that questions are easy and creative. The organizers argue that the 
questions are not necessarily difficult (http://amesa.org.za/Challenge/).  This 
report partly focuses on difficult/easy questions as determined by learners response 
not necessarily by the feeling of the designers of the Challenge.   


Mathematics Performance and Achievement in the Eastern Cape 


The performance of the Eastern Cape province particularly in mathematics is a 
concern to everybody. Even though it is argued that South Africa’s Grade 12 
Mathematics results may not be a true reflection of our learners abilities and 
capabilities the fact that on average in the past three years the province has 
achieved a pass rate of less than 34% of those who wrote mathematics should be 
worrying. Knowing that 79% of Eastern Cape province high school graduate either 
have no mathematics at all or at most GG in mathematics is a cause for concern. It 
is therefore natural that investigations will be conducted by different researchers 
and individuals to explain this performance, and perhaps even inform 
interventions. It is acknowledged at least by some education officials in the 
districts and at provincial level that there is some ‘knowledge’ gap between what 
learners brought to FET and what they are expected to bring. One district in former 
Transkei has even gone further and identifies areas like: basic multiplication of 
numbers, addition of integers, basic exponents, fractions and operations, graphs 
etc.  Whilst this list is important it fails to inform the GET teachers what is lacking, 
what and how they should do with above topics.   


Mathematics Challenge we believe it brings some focus to this particular argument 
and debate as by our own analysis Mathematics Challenge items are designed 
within a particular framework.  



http://amesa.org.za/Challenge/

http://amesa.org.za/Challenge/
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Participating Schools 


Ten schools were approached initially and were requested to allow all their Grade 
4, 5, 6 and 7 learners to write Mathematics Challenge as one of their Mathematics 
Week activities. As the researcher wanted to be in all sites, different times and 
dates (during Mathematics Week) were scheduled for each school to write 
Mathematics Challenge. Proper measures were taken to ensure that schools and 
learners were not advantaged or disadvantaged by writing first or last. The selected 
schools drew learners from the same or similar economic background; the schools 
themselves may be characterized as of the same poor socio-economic background.  


  


Description and Analysis of Performance  


Performance refers to the number of correct learner responses on each item or the 
number of correct responses by a learner on all items. Table 1 below gives the total 
number of learners participated per school, the average school performance and the 
average overall performance on 25-item Mathematics Challenge. Generally the 
performance is low (less than 23% on average), the standard deviation (less that 3) 
also indicates that most learners scored around the average of 23%. How does one 
explain this performance. A number of factors could be investigated. Seven of the 
eight participating schools drew learners from communities whose first language is 
IsiXhosa, and one draw learners from communities whose first language is English 
or Afrikaans. During the administration of Mathematics Challenge questionnaire 
attempts had to be made to clarify questions and even to translate them to IsiXhosa 
to assist learners; this mainly happened in the seven schools as in the other school 
learners indicated that they did not need such clarification and translation. It is 
interesting from the table above that School C has the highest average score which 
could be explained by the fact that most learners from this school use English as 
first language. 


School No. of Learners Mean Standard 
Deviation 


A 126 5.67 1.88 


B 15 5.067 2.631 


C 100 6.495 2.28 
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D 46 4.543 1.94 


E 64 5.641 2.155 


F 44 4.818 1.896 


G 52 5.46 1.935 


H 90 5.333 2.136 


      Total 537 5.577  


Table: 1 number of learners per school and their school’s average scores 
 
 


Table 2 below gives the Pearson Correlation coefficient between overall 
performance and schools and between schools. There are moderate to strong 
positive correlations between schools performance and those points to the possible 
existence of common factors influencing the performance on this Mathematics 
Challenge. These possible factors may range from the methodological factors, 
district-, school-, as well as classroom level factors. Probably the factors that are at 
play may be the same factors that could explain mathematics performance in the 
region. 


The schools were selected from the same district and therefore one would presume 
that they receive similar kind and level of support from the district. Ten schools 
were initially approached to participate and as it is reflected only eight participated. 
On the day when one of the scheduled for Mathematics Challenge it was 
discovered that the school has only six learners and not 38 as officially reported. 
This characterizes the kind of support and accountability the schools receive from 
the districts.  


 
  Overall School A School B School C School D School E School F School G School H 


Overall 1                 
School A 0.894 1 0.4             
School B 0.49 0.4 1             
School C 0.916 0.72 0.56 1           
School D 0.732 0.67 0.36 0.67 1         
School E 0.722 0.59 0.22 0.61 0.7 1       
School F 0.725 0.52 0.47 0.68 0.3 0.5 1     
School G 0.807 0.61 0.52 0.75 0.5 0.5 0.7 1   
School H 0.832 0.69 0.21 0.7 0.5 0.5 0.7 0.68 1
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Table 2 Between Schools Pearson Correlation Coefficients 


When School D was initially approached the Principal was not at school and three 
weeks later when the Mathematics Challenge took place in that school the 
Principal was not at school. Most teachers were in their classroom but there was 
sign of any learning taking place or taken place. The chalkboard was not in use and 
learners were not engaged in any kind of activities. Even though Schools A, E and 
D are characterized by extremely high number of learners in each class and grade, 
one could also notice how the schools are organized, strict adherence to the school 
routines, visibility of school management members within schools premises. All 
these factors may provide some explanation of the overall performance of learners. 


 


Between-Item Comparison 


On closer look at the Grade 5 performance item by item a very interesting 
performance pattern emerge which could not be fully accounted for by the above 
factors. 


Overall 8 52 40 43 31 16 11 13 11 22 12 8 16 15 23 16 39 12 28 14 36 19 13 22 25 


A 8 44 72 51 32 11 14 9 7 24 16 3 19 14 14 10 48 10 21 11 48 11 12 25 32 


B 7 47 33 7 27 27 7 7 13 33 20 7 27 13 0 13 40 7 40 20 7 27 27 33 20 


C 12 83 47 46 32 17 9 18 13 31 13 7 12 21 34 24 52 14 55 8 32 18 8 23 27 


D 4 24 26 22 22 17 11 9 15 22 11 17 11 9 30 13 43 11 24 7 33 20 7 24 24 


E 13 41 22 50 23 19 8 17 14 22 9 16 23 9 31 23 48 23 11 22 25 25 3 34 31 


F 2 57 23 41 32 16 14 5 9. 9. 7 9 34 11 21 16 16 11 32 20 18 14 27 16 23 


G 0 73 27 29 58 13 17 12 15 31 6 4 12 14 14 8 33 12 29 19 44 33 15 12 19 


H 11 43 30 53 29 26 8 19 10 13 13 11 8 21 21 17 23 11 26 18 40 23 24 18 17 


Table 3: Percentage of learners with correct response in each item 
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Figure 1: Number of Correct Response Per Item 
 


It is observed that Item 1, 7, 9 and 12 proved to be the most difficult for learners. 
Only 8% gave a correct response for Item 1, 11% for Item 7 and 9, and 8% for 
Item 12. At the other end Items 2, 3, 4 and 17 came up as relatively easier items for 
the same group of learners. 52% of learners gave a correct response to Item 2, 40% 
in Item 3, 43% in Item 4 and 39% in Item 17.  


The same set of items come-up as difficult and easy when a school by school 
analysis is performed.  


 
School Difficult Items Easy Items 


A 1, 8, 9, 12 3, 4, 17, 21 
B 1, 7, 8, 12 2, 3, 17, 19 
C 1, 7, 12, 20, 23 2, 3, 4, 17, 19 
D 1, 8, 14, 20, 23 2, 3, 17, 21, 15 
E 1, 7, 11, 14, 23 2, 4, 15, 17 
F 1, 8, 9, 11 2, 4, 5, 13, 19 
G 1, 11, 12, 16 2, 5, 17, 21, 22 
H 1, 7, 9, 12, 13 2, 3, 4, 19, 21 


Table 4: Difficult and Easy Items per school 
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From Table 4 Items 1, 7, 8 and 12 were difficult in almost all schools. Judging by 
the number of Grade 5 learners who gave the correct response Items 2, 3, 4 and 17 
were easier for this group of learners. 


Discussion and Recommendations 
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12 −+ nn


The different performance on the indicated group of items begs for some 
characterization of these two sets. Items 2, 3, 4 and 7 either require a single-step 
solution or a repeated application of a simple process to get to the correct answer. 
On the other hand Items 1, 7 and 12 are multi-step and/or require some 
identification of a structure. Sfard(1991) distinguishes between operational 
conception and structural conception of mathematics concept. Structural 
conceptions refers to being able to see invisible objects, to be able to see, for 
example,  from the sequence 1, 5, 11, 19, … . It is further argued 
advanced mathematics constructs can only be seen with eyes of our minds. The 
Grade 5 learners in this sample are struggling with problems that seem to require 
structural conceptions. This capability is an essential component of mathematical 
ability. Opportunities should be presented for learners to exercise their mental 
visualization. At lower grade level structural conception may not necessarily mean 
working within the world of symbols (as in algebra), but may entail description of 
observed relationships or rules in words. Doubling, halving, judging the 
reasonableness of solutions etc are all important mental calculation techniques that 
can be used in the development of structural conception. 


Deliberate attempts need to be made by the teacher to design activities that will 
assist the learners transcend the process-object duality. It will be difficult for this 
conception to develop on its own, as it requires learners to mentally step into 
another domain. The objects and/or models that we work with in this domain, 
contrary to popular belief, are easier to manipulate and flexible. Structural 
conception is static, instantaneous, and integrative (Sfard, 1991). Olivier 
distinguishes between numerical pattern recognition and structural analysis, with 
particular emphasis that these two thinking strategies are not necessarily distinct as 
there is always interplay between them. In structural analysis we are not concern 
with numerical answers but with structure. When learners are taught fractions and 
additions/subtraction they should also experience what is lowest common 
denominator and why it works. Ball(1990) argues that questions like ‘why invert 
and multiply works in the division of fraction’ should be dealt with in the 
mathematics teaching and learning environment. It is further lamented that in 
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typical primary mathematics textbook there is little or no attention given to the 
meaning of division with fraction, and no connections are made between division 
with fractions and division with whole numbers. Each is treated as a special 
case(Ball, 1990, p452). Structural analysis involves analyzing of special cases and 
coming up with object/model that will represent those cases (Olivier, 2002). 
Understanding why “invert and multiply” is a reasonable strategy brings about 
understanding division as the inverse of multiplication with both integers and 
fractions. This structural analysis with regard to division with fractions is rarely 
made explicit to pupils 


In Mathematics Challenge 2007 there are items that can be difficult if one fails to 
look and develop some kind of structure. Items: 1, 7, 9, 12, 13, 17, 23, and 25 are 
among such items. Items 1, 7, 9, and 12 were the most difficult for these Grade 5 
learners.  Item 6 and Item 7 are structural similar but Item 6 could be solved by just 
extending the visual image of dots up to 7th row, I believe that is what most 
learners did. It would have been naturally challenging for learners to extended this 
visual image of dots to 70th row and hence they needed some structure. There was 
a need to for them to look at numerical pattern generated by dots and develop some 
kind of ‘portable’ object  that they can use for further cases. Teachers in the GET 
band needs to put more emphasis on activities that promotes this structural 
conception. 


CONCLUSION 


The analysis of this Grade 5 performance has actually left us with more questions 
than answers. I cannot claim that I have done justice in this short article but all of 
this is a work in progress. 
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LESSONS LEARNT FROM THE 2007 GMSA FOUNDATION 
MATHEMATICAL LITERACY OLYMPIAD 


 
VG Govender 


Nelson Mandela Metropolitan University 
 
 
This paper is follow up to the paper that was presented at the 2007 AMESA 
Congress in Mpumalanga. Preparations for the first Mathematical Literacy 
Olympiad were discussed at the Congress. These included a benchmark test for 
grade 10/11 learners, support materials for participating learners and tutor 
support for selected schools. 
 
The national strike in June 2007 affected the tutor support for selected schools 
and when schools commenced for the third term in July 2007, most schools 
were involved in catch-up programmes. Although tutors visited schools to 
continue the support, it was clear that other priorities at schools took 
preference. 
 
Nevertheless, the first round of the Olympiad did take place in August 07 and 
the second round took place in September. Prize winners were invited to an 
Awards ceremony in October where successful learners were rewarded for their 
efforts. 
 
This paper is traces the progress of the Olympiad from the first round until the 
awards ceremony. 
 
___________________________________________________________  
Introduction 
 
The GMSA Foundation Mathematical Literacy Olympiad created wide-spread 
interest in Nelson Mandela Bay and beyond in 2007. It was intended to bring a 
more positive view of Mathematical Literacy at schools and raise its profile. 
Unlike other Olympiads, it had a developmental aspect as well. Some schools 
were visited by tutors on a regular basis. Learners were given additional support 
during specified tutoring sessions during the second and early third quarter of 
2007. At these sessions the tutors went over the support materials with the 
learners. It was hoped that these sessions would help these learners with their 
basic numeracy skills and prepare them for the Olympiad.  
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The Mathematical Literacy Olympiad (MLO) 
 
It has been the writer’s experience that teachers, especially from disadvantaged 
schools, are not likely to be interested in “Olympiads” for a variety of reasons. 
One of these is that they feel that Olympiads are only for “top” learners and 
their schools “do not qualify.”  However, the visit to certain schools by the 
tutors sought to allay these fears of teachers. Thus, schools that never 
participated in any Olympiad before had now participated in an Olympiad for 
the first time.  
 
Olympiads are usually not “syllabus-bound” and this tends to affect the way 
learners “prepare’ for such Olympiads. It was decided that the Mathematical 
Literacy Olympiad will deviate from this practice. The work and effort put into 
the Olympiad would not be in vain. One of the key foci of the Olympiad, that 
of,     
 
The solving of problems involving the applications of mathematics in real-life 
situations; this involves numerical and spatial thinking  (DoE 2003b) 
 
would be combined with the kinds of activities they were doing in their 
mathematical literacy classes. These activities are based on the Learning 
Outcomes and Assessment Standards for Mathematical Literacy (DoE 2007). In 
this way, the contexts seen in the Olympiad would not be unfamiliar to the 
learners.   
 
The support activities in the 2nd term and early in the 3rd term served as 
preparation for the Olympiad which consisted of 2 rounds. 
 
Round 1:   
 
Round 1 was written at schools in August 2007. All schools that participated in 
the benchmark test were targeted. To make the first round more accessible to 
all, the first round paper comprised examples which were primarily based on 
basic knowledge and routine applications. Over 1500 Grade 10 learners from 60 
high schools participated in the first round. Learners had to answer 25 multiple 
choice questions in 90 minutes. Included in this time was 10 minutes for reading 
(GMSA Foundation 2007a) 
 
Some of the questions which learners had difficulty with are outlined in the next 
page. These types of problems or contexts were covered in the support materials 
and possibly during their mathematical literacy classes. One of the possible 
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reasons for this difficulty was that learners did not have “a formula” or “more 
information” in front of them to help them with their calculations.   
 
Final Round 
 
From round 1, 232 learners were invited to participate in the final round. 
Learners were selected as follows: The top learner from each school, 
irrespective of first round mark was invited; learners with excellent attendance 
in the support sessions (chosen by the tutors); the rest of the learners were 
selected on merit.  
 
Of the 232 learners, 200 arrived to write the final round at the Nelson Mandela 
Metropolitan (North Campus) in September 2007.  The second round included 
more advanced applications. Learners had to answer 25 questions in 120 
minutes. Included in the 120 minutes was 15 minutes reading time. As soon as 
they were given the papers, learners wanted to start. However, they were 
stopped and instructed to read through the paper first. Only once the 15 minutes 
was up could learners start with the paper.   Some of the questions which 
learners had difficulty in the final round are shown after the next page (GMSA 
Foundation 2007b) 
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 Selected questions from GMSA Foundation Mathematical Literacy Olympiad Round 1 
  
3.   The number of learners at a school increased from 750 to 900. This represents an increase of: 


 
(a) 20% 


(b) 83
3
1


% 


(c) 15% 
(d) 25% 


(e) 16
3
2


% 


. 4.   A pair of jeans retails for R350,00. The mark-up is 25% of the cost. What is the cost of the jeans? 
 
(a) R300,00 
(b) R280,00 
(c) R262,50 
(d) R437,50 
(e) R310,00 


 
5.    A shop advertises that all products will be 10% off on a certain day. It also offers a further 10% off their   
       totals to the first 20 customers. Lelethu is the 19th customer and buys an article with a “face” value of  
       R50,00. How much will Lelethu end up paying? 


  
     (a)    R40,50  


(b) R30,00 
(c) R45,00 
(d) R40,00 
(e) R37,50 


 


7. The New York time-zone (United States Eastern time-zone) is located at 75 W while the Sydney  0


         (Australia) time-zone is at 150  E. This means that the time difference between New York and  0


         Sydney is: 
(a)    5 hours 
(b) 7,5 hours  
(c) 22,5 hours  
(d) 15 hours  
(e) 16 hours 
  


14. Mathabo drives from town A to town B at an average speed of 60 km/h. On her return trip she travels at 
50 km/h. If the distance between town A and town B is 150 km then her average speed for the whole 
trip (to one decimal digit) is:   


                 
(a) 54,5 km/h 
(b) 54,4 km/h 
(c) 54,0 km/h 
(d) 55,5 km/h 
(e) 55,0 km/h 


 
24. The following sign appears at a parking garage: 


 
Hours Cost 
0 – 2 R 4,00 
2 – 3 R 6,00 
3 - 4  
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R 8,00 
4 – 5 R15,00 
5 - 6  R20,00 
6 – 7 R30,00 
7 – 8 R35,00 
8 + R50,00 


 
On Friday, David parked his car in the garage from 9:00 till 15:30; Andile from 12:00 till 12:45 and 
Judy from 11:00 till 14:45. The revenue received by the parking garage from these three people on 
Friday was: 
 
(a) R30,00 
(b) R34,00 
(c) R38,00 
(d) R42,00 
(e) R50,00  







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 Selected questions from GMSA Foundation Mathematical Literacy Olympiad Final Round 
 
 5.  A shop advertises that all items on a specific day will be discounted by 10%. However, the first 10 customers 


get an additional 5% discount on the items they purchase. What is the effective discount received by each of 
the first 10 customers? 


 
(a) 16,7% 
(b) 14,7% 
(c) 15% 
(d) 14,5% 
(e) 14,8% 


 
7. Use the following formulas in this question.  


 
Simple Growth:  
 
A = P(1 + ni) where A is the amount accrued (the final amount); P is the amount invested (the initial amount); 
n is the number of years and i is the rate of interest 
 
Compound Growth: 
 


A = P(1 + i) n  where A is the amount accrued (the final amount); P is the amount invested (the initial 
amount); n is the number of years and i is the rate of interest 
 
Sibongile invested R4000 at 12% simple interest per annum for 4 years while Andile invested R4000 at 10% 
compound interest per annum for 4 years. Which person received more interest on their investment and by 
how much (to the nearest rand)?   
 
(a) Andile received R256 more 
(b) Sibongile received R164 more 
(c) Andile received R694 more 
(d) Sibongile received R64 more 
(e) Andile received R374 more     


 
11.  Mary has a stall at her school’s annual fete. She sells two types of items: chips and chocolates. She purchases 


the chips at R1,25 per packet and chocolate at R3,00 each. She sells the chips at R2,00 per packet and the 
chocolates at R4,00 each. For every three packets of chips, she sells two chocolates. 


 
This information can be represented in a table as follows:  
 


Item Purchase price Sales price Profit 
Chips R1,25 per packet  R2,00 per packet ? 
Chocolates R3,00 each R4,00 each  ? 


 
 
 If she sells 150 packets of chips, then her total profit (from selling both the chips and chocolates) is:  
 


        (a)   R487,50 
(b) R700,00 


        (c)    R262,50 
(d) R900,00 
 (e)  R212,50 


  
18.  A Music store buys 300 CDs at R50 each. It sells 100 CDs at R75,99 each; 150 CDs at R49,99 each and the 


remaining CDs at R29,99 each. Would this Music store make a profit or a loss? What is this profit/loss? 
 
(a)  A loss of R5 003 
(b)  A profit of R7 797 
(c)  A loss of R1 597  
(d)  A profit of R1 597 
(e)  A profit of R5 003  
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Some pictures from the final round at Nelson Mandela Metropolitan 
University (North Campus) 
 
Below are some pictures that were taken in the final round of the GMSA 
Foundation Mathematical Literacy Olympiad.  
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The Prize-giving ceremony   
 
The prize-giving ceremony was held early in October 2007. Certificates were 
awarded as follows:  
 
5 Gold Certificates for the top 5 learners in the final round 
6 Silver Certificates for the next 6 learners 
17 Bronze Certificates for the next 17 learners 
 
The rest of the learners received blue certificates for participating in the final 
round.  Each Mathematical Literacy teacher from participating schools received 
gift packs in appreciation of their support of the project. More than 300 people 
attended the prize giving. This included learners, teachers, parents and other 
invited guests.  
 
An evaluation of the project   
  
The GMSA Foundation commissioned a private research company to do an 
evaluation of the project. The following is a summary of the concluding 
remarks and recommendations of the project:  
 


• The MLO was partially successful in achieving one of its aims, that of 
raising the profile of Mathematical Literacy. Both learners and teachers 
generally felt positive about their participation in the project. 


• It was not successful in improving the performance of learners in 
Mathematical Literacy Olympiad. A large proportion of the learners 
targeted for development achieved less than 40% in the first round. (My 
comment: While this may be so, there was no attempt to check what 
impact, if any, did participation in the project have in their final 
Mathematical Literacy results? This would have been a fairer 
comparison) 


• It was felt that support materials be widely distributed and training 
workshops and monitoring of teachers should be the main feature of 
Mathematical Literacy development programme. It is also important for 
teachers and learners to accept responsibility for their own learning and 
development. 


• Teachers need to understand the connection between the Olympiad, the 
curriculum and the final exam.                                    (Koch 2007) 
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The impact of the project   
 
While the writer has no problem with the above remarks or with any criticisms 
of the project from other quarters, the response from schools and teachers about 
the project had been phenomenal.   
 


• It was the first time that some schools had taken part in an Olympiad.  
• For those who were invited to the final round at the University, it gave 


them an opportunity to leave their comfort zone and write a paper with 
their peers (from all over the metro and beyond). The participants in the 
final round reflected the true spirit of the rainbow nation. 


• It gave all schools including, the top ones an outlet to extend their 
learners. Some of the comments from teachers were:  


 
“Thank you for what you have done for our learners”;  
“It was good for the pupils. A challenge”; 
“The questions were challenging”,   
“Learners who participated had more confidence for the Final Grade 11 
Mathematical Literacy Examination”;  
“It is good to stimulate and reward high achievement in maths literacy”;  
“It assists the development of maths skills in all learners participating”;  
“It has raised the status of Mathematical Literacy considerably as a 
worthy alternative to mathematics”;   
“Learners enjoyed working in “blue” books (support materials) and their 
reward on Fridays was to work in them”.   


 
Some limitations of the project   
 
Olympiads by their very nature are competitions. It was important that the 
Olympiad, especially the final round, be of a significantly high standard. As far 
as performance of learners it was not really expected that the supported learners 
do exceptionally well after a few sessions with a tutor. However, the effect of 
having a tutor could result in learners being better prepared for the Olympiad 
and doing better than what they would have if they were not tutored.   
 
From examining the evaluation report by Koch (2007) and the results of 
learners in the first and final round, it would appear that performance of learners 
from supported schools did not improve. One may say that this was a failure on 
the part of the Olympiad. This is very debatable. Many of the tutored schools 
were under-resourced and the support given was highly appreciated.  
 
Now consider some of the realities experienced by the tutors at these: 
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• Learners did not have access to calculators and had to continually borrow 
from others. 


• There were poor resources at schools – no chalkboard, lack of desks and 
chairs.  


• Learners have poor estimation skills; they needed additional time to 
master the basics. 


• Language skills were lacking – this can only be sorted out through 
extensive reading and comprehension (language teachers should play a 
role). 


• Learners did not have access to Mathematical Literacy textbooks – the 
support material helped.   


 
Despite these realities, the learners participated in the Olympiad enthusiastically 
and purposefully and in some cases did well in the Olympiad. According to 
their teachers some of these learners went on to do well in the Final Grade 11 
Mathematical Literacy Exam, especially in the first paper. The teachers 
indicated that the support materials and participation in the Olympiad 
contributed to this improved performance.  
 
What can we learn from the project? 
 
This writer, having been involved in the conception of the MLO and worked 
with the project throughout 2007 and now in 2008, learnt a lot from this 
involvement. Some of the key points of this learning include:   
 


• As subject advisor of Mathematical Literacy at the time, the writer was 
very keen for such a project to be implemented as he was sure that such a 
project would have huge benefits for learners and teachers.   


• However, any project, no matter how well planned and implemented, is 
not without its critics. However, constructive criticism is always welcome 
and has been used to improve the project in 2008.   


• While it is good to have lofty ideals and aims in an education project, the 
realities of our schools tend to, at times, make a mockery of such ideals 
and aims. 


• One cannot be a tutor in a subject if one does not have sufficient 
background in the subject.  


• It was a bit early to call for an evaluation of the project. In fact, the first 
year could have been used as a pilot year. 


• Teachers and learners must see the materials given to them as part of the 
learning process and not in addition to the learning process. 
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• This project could not solve the challenges of our education system such 
as poor teaching, lack of resources, and so on. But it did make us aware 
of such challenges.  


• The well-resourced schools did exceptionally well in the Olympiad and it 
begs the question “Do they have better teachers?” 


• We can, thus, ask another question, “How do we make other teachers 
better?”  


• Learners who participated in the final round were very motivated. In fact, 
some teachers commented about their learners becoming more positive in 
class (as a result of participation in the Olympiad).  


• The project created a buzz of excitement amongst learners and teachers. 
There were definite gains for schools by being involved in such a project.    
     


Conclusion   
 
The GMSA Foundation Mathematical Literacy Olympiad (MLO) created a 
wide-spread interest in Nelson Mandela Bay and beyond. About 60 high schools 
participated in the MLO. Teachers and learners were very enthusiastic about the 
project. They were also appreciative of the fact that an organisation (the GMSA 
Foundation) catered for their subject needs. Parents were also very pleased with 
the progress of their children.  
 
Teachers noted that Mathematical Literacy is a very worthwhile alternative to 
Mathematics. They also noted that there are many opportunities for 
Mathematical Literacy learners to do further study.  
 
Notwithstanding the evaluation report and other criticisms of the MLO, the 
project is continuing in 2008. Teachers are now responsible for conducting the 
tutoring sessions at school (at their request), giving the project a more long term 
goal. Schools are being visited to monitor such sessions. Teachers and learners 
are, once again, ready for the second edition of the GMSA Foundation 
Mathematical Literacy Olympiad. 
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Foreword  
 
The theme for this year’s congress “Mathematics: A Universal Language” is an 
appropriate one since all learners at South African schools (from Grades R-12) now 
do some form of mathematics, making mathematics truly an inclusive subject at our 
schools. But this situation is not unique to South Africa. In many countries all over 
the world, mathematics (or some form of mathematics) has become “compulsory” till 
the end of secondary school, making mathematics truly universal. 
 
The implementation of the National Curriculum Statement in South Africa (Grades R-
12) marks a new beginning for the South African education system. We must grasp 
this new beginning with both hands and ensure that the next generation of South 
African learners are much better off than previous ones. In field of mathematics, the 
role played by AMESA is well recognised locally, nationally and internationally. 
 
There are a total of 60 papers to be presented at this congress: 12 long papers; nine 
short papers, 17 “how I teach” papers and 22 workshops (pre-conference workshop 
included). In addition, there will be four plenary sessions, two panel discussions and 
several interest group discussions. There will also be presentations by exhibitors in 
the maths market and activity centre. This large number of presentations on offer is 
indicative of our growth as a mathematics education community. This growth is also 
evident in the different areas of mathematics and mathematics education addressed in 
the presentations. These include research and practitioner presentations on 
mathematical literacy, the use of DVD and other technologies in the teaching of 
mathematics, innovative teaching methods and the teaching of new topics in the FET 
curriculum. 
 
It is also very encouraging to see the many presentations by teachers, particular those 
who are involved in the maths4stats project funded by Statistics South Africa. The 
number of presentations at AMESA has increased steadily over the past few years and 
this year is no exception. The review team had a very difficult task of ensuring that 
the papers received were reviewed and sent back in good time.  
 
All the long and short papers were sent to three reviewers. As a rule, papers with at 
least two recommendations for acceptance were selected. Many authors were 
requested to make modifications to their papers before they could be accepted for 
publication in these proceedings and be included in the congress programme. All the 
“How I teach” papers and workshops were reviewed by at least one person and were 
accepted (after some rework).   Let me express my heartfelt thanks to all the reviewers 
and authors for co-operating with us during the long review process. It was very 
stimulating and intellectually rewarding to read the papers submitted.  
 
Allow me to also thank VG Govender (Nico) for sharing in the responsibilities 
involved in the preparation of these proceedings and Linda Heymans (Secretary) for 
assisting in the administration of the review process. 
 
Dr. Hennie Boshoff 
Academic Programme Co-ordinator   
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PROBABILITY WITH PASTA 
 


Sue Southwood 
VULA Mathematics Project, Hilton College 


This presentation begins with each member of the audience breaking a piece 
of spaghetti into three pieces which either form or do not form the sides of a 
triangle. It continues by investigating the probability the three will pieces 
form a triangle. The theoretical probability is found using two methods - 
graphical and geometric. Next a more realistic model is investigated. Finally 
experimental probability is discussed. The presentation uses a graphical 
model which is similar to that in linear programming. It uses computer-
simulated models and triangles with animated diagrams.  
 
Introduction 
Take a piece of dried spaghetti. Break it into three pieces. Join the pieces so 
that they form the sides of a triangle. Do your pieces make a triangle? Yes or 
no? 
If your answer was yes, then the sum of the lengths of any two sides was 
greater than the length of the 3rd side. If your answer was no, then the sum of 
the lengths of any two sides was less than the length of the 3rd side. 
More succinctly, you either satisfied the triangle inequality a + b > c or you 
did not satisfy the triangle inequality i.e. a + b was not greater than c. 
What is more interesting, though, is the question “What is the probability 
that your sides of spaghetti will form a triangle?” What follows is an 
attempt to answer that question in various ways: 
• Theoretically  


-       with a graphical model 
          -       with a geometric model 
• More realistically 
• Experimentally 
 
THE GRAPHICAL MODEL 
Assume that your spaghetti is 10 units long. If the 1st and 2nd breaks are x and 
y units from the one end then the lengths of the triangle are x, (y − x) and (10 
−y). 







 
x y – x 10 – y  


 
 


y x 0 10  
 
 
 
The restrictions which follow from this model are shown in the first two 
diagrams. Note that unwanted regions are shaded out. 
 
DIAGRAM 1      
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DIAGRAM 1


x > 0
y >0
x < 10
y < 10
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10x > 0 and y > 0 
x < 10 and y < 10 
 
 
 
 
 
 
DIAGRAM 2   
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y > x 10


 
 
 
 
 
The region in which we 
will work is now defined. 
The next three diagrams show the rules imposed by the triangle inequality. 
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DIAGRAM  2


y > x
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DIAGRAM 4


x + (10 - y) > (y - x)
-2y > -2x - 10
y > x + 5
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x + (y −x) > (10 −y)               
             2y > 10 
     y > 5 
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DIAGRAM 3


x + (y - x) > 10 - y)
2y > 10
y > 5


DIAGRAM 4      
x + (10 − y) > (y − x) 
     −2y  > −2x − 10 
          y > x + 5 
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RULE 5


(y - x) + (10 - y) > x
-2x > -10
x < 5


(y −x) + (10 −y) > x 
     −2x > −10 
        x < 5 
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Having applied the three triangle inequalities, ¼ of the defined region is not 
shaded. This means that the probability of breaking the spaghetti into 
three pieces that form a triangle is ¼. 







THE GEOMETRICAL MODEL 
Fact 1 If altitudes are dropped from any point inside an equilateral 


triangle to the sides of the triangle, then the sum of those 
altitudes is equal to the altitude of the equilateral triangle. 


To prove:  AD = PE + PF + PG 
Proof:        ΔABC = ΔACP + ΔABP + ΔCBP 
         So  ½ (BC)(AD) = ½ (AC)(PE) + ½ (AB)(PF) + ½ (CB)(PG)  
                  But BC = AB = AC 


P


F


E


DG CB


A
        So AD = PE + PF + PG    
 
 
 
 
 
 
 
Fact 2 The lines joining the midpoints of the sides 


of an equilateral triangle bisect its altitudes. 
Fact 3 These lines divide the triangle into four 


congruent parts. 
 
Fact 4 If point P is in any of the three outer parts then one of the 


altitudes from P will be more than half the length of the altitude 
of the triangle. 


Fact 5 If point P is in the inner part of the triangle then all three of the 
altitudes from P are less than half of the length of the altitude of 
the triangle. 


                          
P


P
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What does this prove?  
• If the altitude of the original equilateral triangle represents your piece 


of spaghetti, then the three (dotted) altitudes from P represent the three 
pieces into which the spaghetti was broken.  


• If P is in one of the unshaded outer triangles, then one of your pieces 
of spaghetti is longer than the sum of the lengths of the other two 
pieces.  


• For a triangle to be formed, P must be inside the shaded inner triangle. 
• Since the area of this inner shaded triangle is ¼ of that of the 


equilateral triangle, the probability of breaking the spaghetti into 
three pieces that form a triangle is ¼. 


 
 
A MORE REALISTIC MODEL – TWO RANDOM BREAKS 
  
If you choose the shorter of the two pieces after the 1st break, then 


• the probability of making a triangle is 0. 
 
If you choose the longer of the two pieces after the 1st break, then 


• the probability depends on where the 2nd break is.  
 
What follows are two examples and then a generalisation. Again we use 10 
units for the length of spaghetti to facilitate the explanation. We also use 
integers. 
Example 1  
If the shorter piece is 3 units then the longer piece is 7 


• If the 2nd break is between 2 and 5 units, a triangle exists 
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• The probability of forming a triangle is  
( )5 2 3
10 3 7
−


=
−  


 
 
 
 
 
The open-ended vertical line shows that any breaks between 2 and 5 will 
result in the formation of a triangle. 
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Example 2  
If the shorter piece is 4 units then the longer piece is 6 


• If the 2nd break is between 1 and 5 units, a triangle exists 


• The probability of forming a triangle is  
( )5 1 2
10 4 3
−


=
−  
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The open-ended vertical line shows that any breaks between 1 and 5 will 
result in the formation of a triangle. 
 


Generalisation 
If the shorter piece is x units then the longer piece is (10 – x) 


• If the second break is between (5 – x) units and 5, a triangle exists 


• The probability of forming a triangle is  10 −
x


x   


 
More formally . . . 
For this model, the probability P of making a triangle is a function of  x.   
P is a continuous function on (a; b). 
Using the mean value formula and substituting our values: 


( )
10


=
−
xP x


x      and     ( )1
=


− ∫
b


a


P P x dx
b a  


             


5


0


1
5 0 10
2ln 2 1
0,368


∴ =
− −


= −
≈


∫
xP dx


x
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TO SUMMARISE 
• The theoretical case gives a probability of   ¼ 


• The realistic case gives a probability of  0,386 


• In real life, after a lengthy set of practical trials, the actual success 
rate was close to 0,75 


 
 Why, after all this mathematics and discussion and proof, did 75% of 


the practical trials result in triangles? 
 
Ippolito, Dennis. Source: Mathematics Teacher, v93 n5 p422-26 May 
2000. 
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A STUDY OF THE ERRORS MADE IN FRACTIONS BY 
FIRST YEAR ACE IN-SERVICE STUDENTS 


 
Tom Penlington 


Rhodes University Mathematics Education Project 
 
This paper is a reflection of the errors made on two fraction word problems 
of a diagnostic test administered to a cohort of first year ACE (Mathematics) 
teachers. The study of fractions has been and still is a contentious topic to 
teach, as fractions are known to be complex in character. Many teachers’ 
understanding of fractions often appears to concentrate on procedures and 
rules. The focus of this paper is to analyse the errors that in-service ACE 
teachers make before any instruction of the fraction concept.   
 


BACKGROUND AND INTRODUCTION TO THE STUDY 
The Rhodes University Mathematics Education Project (RUMEP) is an 
independently funded non-governmental organisation (NGO), linked to the 
University, with the specific aim of improving the quality of teaching and 
learning mathematics in both primary and secondary schools. 
 
This in-service programme assists the teachers themselves in transforming 
their particular teaching styles and builds their self-confidence. RUMEP 
offers practising teachers an Advanced Certificate in Education (ACE), 
which is a two-year part-time course and is taught during the January and 
July school vacations. 
 
It has been observed over the years at RUMEP that teachers struggle with a 
number of concepts but in particular the concept of a fraction and the 
teaching of fractions in general. The lack of understanding of this concept is 
seen each year with some teachers even afraid to tackle this topic in their 
classrooms, although they are expected to teach it according to the National 
Curriculum Statement. While acknowledging it as being difficult to teach, 
both teachers and children experience fractions and fraction-related concepts 
both in their daily lives and in the classroom.  
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An article in the Business Day (29 February 2008) reports on a group of 
Grade 4 mathematics teachers who were given a grade 4 mathematics test 
and who scored an average of 25% in the test before receiving teacher 
training. After training they scored an average of 40%. The CEO of Jet 
Education Services, Nick Taylor affirmed at a conference on school 
development recently that poor curriculum coverage was a result of teachers 
not spending enough time teaching and the poor level of their content 
knowledge. 
 
This short study reiterates the above about poor content knowledge and 
confirms the poor understanding of the fraction concept in general. 
 


BACKGROUND READING 
Research has shown that many teachers have often not mastered the 
conceptual content they are required to teach. This is most definitely the case 
with the teaching of fractions. According to Post (1982:59): From a 
mathematical point of view, rational number understandings are the 
foundations on which basic algebraic operations will later be based. 
 
Maybe this is one of the reasons why so many secondary school learners 
have difficulties with fractions. Post (1982) argues the fact and accuses 
schools for emphasizing computational and procedural skills at the expense 
of the necessary groundwork based on understanding. Carpenter, reiterates 
this as cited in Post et al., (1991) who argues that teachers are teaching rote 
mathematics learning without learners being able to internalize and apply the 
concepts in a befitting manner.  
 
At this stage it is necessary to define the term, error. The combined Oxford 
Dictionary and Thesaurus by Hawker and Cowley (1998: 163) defines an 
error as “a mistake, or a condition of being wrong or amount of inaccuracy. 
Olivier (1989) on the other hand distinguishes between errors, slips and 
misconceptions. According to Olivier (1989: 12), 


slips are wrong answers due to processing and are easily detected and corrected. Errors 
are wrong answers due to planning and are described as symptoms of the underlying 
conceptual structures that are the cause of errors. It is then these underlying beliefs and 
principles in a learners’ cognitive structure that are the cause of the systematic 
conceptual errors, 


that he calls ‘misconceptions’. For this study the definition of an error 
offered by Hawker and Cowley (1998) will be used. 
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Bransford and Vye (1989) as cited in Ashlock (2002) noted that research on 
errors should be differentiated from research on misconceptions. They 
related that whereas misconceptions include inaccurate conceptions before 
instruction, errors are related to performance after instruction. Although this 
diagnostic test was administered at the beginning of an ACE course for 
teachers, it was felt that errors would be more appropriate to use in this 
instance. 
 
Research design 
A diagnostic test to determine teachers’ strengths and weaknesses was 
undertaken in January of this year with a group of forty-four ACE in-service 
(Mathematics) teachers. The teaching experiences of these teachers range 
from three to eighteen years. They include teachers who teach in the 
Foundation Phase to those who teach in the FET Phase. 
 
Analysis of errors 
The question and an analysis of the results follow: 
Question 1: 
A shopkeeper buys boxes of chocolates to sell. Each box has 144 chocolates. 
He packs the chocolates into bags to sell. Each bag has 5 chocolates. 
How many full bags does he get from 3 boxes? 
How much of a bag is left? 
How much of a box is left? 
How many more chocolates will he need to fill the extra bag? 
 
There was not one teacher in the entire class who managed to answer all four 
parts of the question correctly. In the (a) part of the first question 34% of the 
teachers were able to find how many full bags does one get from three boxes. 
The solution was 86 full bags. 20% of the students merely divided 144 by 5, 
just dropping the decimal part without taking the number of boxes into 
consideration. 5% said 432 where they merely multiplied 144 by 3, it is 
presumed their error occurred without them reading the question properly. 14 
% left out this part of the question with no attempt made. Other answers 
were 48; 66; 84 and 720  (144 multiplied by 5) with very few showing the 
process of how the solution was obtained. Deconstructing how they obtained 
the above solutions showed that some teachers’ conceptual understanding is 
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poor. They were unable to internalize their knowledge to reach mastery. The 
product (solution) appeared to be the most important aspect and not how the 
answer was obtained and why it works. 
 
In part (b) of the question 14% got it correct, 16% left out this part of the 
question and 5% got an answer of 288 where they simply multiplied 144 by 
5 and then subtracted 144 multiplied by 3. Other answers were 4; 8; 9; 96; 
15; 0.05 and 0.4. Again there was not much of the process shown with some 
teachers simply writing down the answer only. 
 
In part (c) where the solution was 1/72. 7% of the teachers managed to 
obtain the correct solution while 20% left out this part of the question 
completely? When analysing what some teachers did, I noticed that some 
simply subtracted the answer obtained in (a) from 144, while some of the 
answers obtained were no boxes, 2; 4 and 5, but I cannot ascertain where or 
how they came to such a solution. 
 
In (d) the correct answer were three more chocolates. Only 9% of the sample 
got this part of the question correct, while 18% of the teachers left it out. 
Twenty-four was a common answer by 9% of the teachers. Quite a few of 
the teachers gave answers with decimals in them like 4,95 and 16,4 showing 
that no much thinking went into checking whether this solution was feasible 
or not. Other answers were 68; 144; 432; 42; 80; 1 and 2. What many of 
them failed to do was to show how they solved this part of the question. I 
was therefore unable to understand their thought processes of how they 
arrived at the solution and so could not make a definite deduction. 
Question 2: 
Mrs Kalipi makes cakes to sell. She wants to make 21 cakes. Each cake 
needs 2 ½ cups of floor. 
How many cups of flour will she need? 
If one cup of flour weighs 120g, how many 2,5kg bags of flour will she need 
to buy? 
 
In this question only one teacher managed to successfully solve the entire 
question correctly. A total of 59% of the students got the first part of the 
question correct, while two students left it out completely. A common 
answer was 22 ½ cups, 54,2 cups; 42,5 cups and 50 ½ cups.  
 







In the second part of the question, only 9% of the students managed to get 
this correct, while 16% of the teachers mentioned 2 x 2,5 kg bags of flour. 
They probably forgot to account for the remaining amount of flour so 
another 2,5kg bag of flour would be needed. Other answers were 28,8;  2,27;  
2,8;  1300;  62;  42,5;  28 and 21. Many failed to check the reasonableness of 
their answers. In analysing how some of the teachers arrived at their 
solutions showed that some merely multiplied 120 by 2.5 or 2.5 by 5. Others 
divided 2.5 kg by 120 grams or 1200 by 25. This showed a clear lack of 
understanding of the measuring units as well.  
The class average for these two fraction questions was 47%. 


 
 


Discussion 
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It is evident from the above analysis, that most teachers have a gap in their 
own informal knowledge about fractions and lack explicit understanding of 
concepts. Ball et al., (2001) found that teachers are less confident about and 
less successful in teaching rational numbers than whole numbers. This was 
clearly the case in this diagnostic test as well. The questions on simple 
computations were mostly correctly answered. Other researchers like Post, 
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Harel, Behr and Lesh (1991) found that about 25% of middle school teachers 
in the United States struggled with basic computation of fractions. I tend to 
agree with Lamon (2006: 14) who found that: 


 one of the underlying assumptions is that facilitating teacher understanding using the 
same questions and activities that can be used with children, is one way to help 
teachers build the comfort and confidence they need to talk to children about complex 
mathematics. 


In the teaching of rational numbers, attempts should be made to model such 
situations in classrooms. Several studies have suggested that one of the many 
factors relate to the multifaceted notion of the five sub-constructs (i.e. part-
whole, ratio, operator, quotient and measure). It was evident from the 
solutions from most of the teachers in this sample, that they are unable to 
think or link their own informal knowledge of fractions to their existing body 
of knowledge and have relied on rote formal procedures when attempting to 
solve these problems. Language has no doubt also played a role with some 
teachers not reading the questions with understanding or maybe simply 
leaving out the question because there is too much to read. According to Ball 
(1990: 458) teachers need a “substantive knowledge of mathematics”, often 
identified as subject knowledge. The three criteria representing the 
substantive knowledge that teachers require are: the knowledge of 
mathematics concepts and procedures of teachers should be in place. 
Secondly, they must be able to comprehend basic fundamental ideas and 
their meanings and thirdly teachers must understand the links among 
mathematical ideas. 
 
While only a small number of teachers were tested using this diagnostic test 
and therefore aspects of reliability and validity come to the fore, it would be 
interesting to see what the results would be like in a more representative 
sample of teachers in another institute of higher learning studying for the 
same course. Although the teaching range of these teachers was fifteen years, 
the conceptual understanding of fractions is still weak.  
 
This small study has however, given the facilitators of the course an idea of 
how to approach and teach this topic to teachers. A post-test task is 
envisaged to take place later in the year to make a comparison. Teachers will 
no doubt need more support and skill development activities when 
attempting this section of the curriculum and suitable resource materials will 
need to be made readily available to enable teachers to see and understand 
the link in the various sub-constructs mentioned earlier.  
 







 
 


261


References 
Ball, D. L. (1990). The mathematical understandings that prospective teachers bring to teacher 


education. 


     The Elementary School Journal, 90, (4). University of Chicago. 


Blaine, S. (2008), February 20). Bad schools covering only half syllabus. Business Day, p.1 


Bransford, J. D. & Vye, N. J. 1989. A perspective on cognitive research and its implications for 
instruction.     In L. E. Resnick and L. E. Klopfer (Eds.), Towards the thinking curriculum: 
Current cognitive research, (pp. 173-205). Alexandria, VA: Association for Supervision and 
Curriculum Development. 


Hawker, S. & Cowley, C. (1998). The little oxford dictionary and thesaurus: London: Oxford 
University Press. 


Lamon, S. J. (2006). Teaching fractions and ratios for understanding, Second edition. Mahwah, 
NJ: Lawrence Erlbaum Associates. 


Olivier, A. (1989). Handling pupils’ misconceptions. Pythagoras, November, No. 21. 


Post, T. R., Harel, G., Behr, M. J.  & Lesh, R. 1991. Intermediate teachers’ knowledge of rational 
number concepts. In E. Fennema, T. P. Carpenter, & S. J. Lamon (Eds.), Integrating research 
on teaching and learning mathematics. New York: State University of New York Press. 


Post, T. R. (1982). Interpretations of rational number concepts in mathematics for the Middle 
Grades, 5-9. Reston, V.A: National Council of Teachers of Mathematics.  
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Computers are being used increasingly in support of education. This 
includes the linkage of computers to the World-Wide Web. 
Mathematics education is at a low ebb in South Africa, when measured 
by world standards, and this needs to be attacked on multiple fronts. 
There are many misconceptions that arise in the learning of mathematics, 
and these create obstacles to the learning process. One major area of 
concern is the realm of the rational numbers, since it is a vast conceptual 
difference from the whole numbers, and is also a key basis for algebra 
and more advanced mathematics. 
One of the most important areas in which computers and the web can be 
used effectively is for diagnostic assessment and the identification of 
particular obstacles in the path of learners. 
This research inquiry concerns the usage of diagnostic assessment over 
the web and its impact on mathematics education at the Grade 8 level. 
The approach is based upon a constructivist theory in which learners 
construct their own meaning and modify this based upon internal 
feedback mechanisms. This theory presumes a spectrum of proficiency 
from novice to experts and a progression. 
The research approach is that of a design experiment, to be conducted 
over the Web, in which tests are provided to the learners in a series of 
experiments, each lasting the time of a single mathematics lesson. It is 
anticipated that around 5-10 of these can be conducted over a selected 
number of classes and across schools during the period of the 
experiment. 
Pre- and post tests will be conducted in order to identify the growth in 
mathematical proficiency during the period that is directly attributable to 
the intervention. 
This research will involve working closely with the principals, heads of 
mathematics sections and teachers at the schools in order to ensure that 
they are able to commit to the project. 
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The results will remove any identification to the individual learners, 
teachers and schools, and will present only aggregated and anonymous 
results. 


Rationale 


Computers for Education 
Computers are being increasingly used in support of education at all 
levels. Projects such as the One Laptop Per Child (OLPC1) are aiming for 
every child in the developing world to have access to a personal laptop, 
accessed via wireless communication to the Internet. 
The computerization of schools in South Africa is progressing to ensure 
that all schools are provided with the right level of capacity in terms of 
hardware, software and skills. The Khanya2, project operating in the 
Western Cape Province is a successful example of such national 
initiatives. 
The purpose of providing computer to schools is not only in support of IT 
education, but also to use the computers as a tool to enhance the 
effectiveness of education. 


Using Computers for Diagnostic Purposes 
One key area of concern is to ensure that obstacles to learning are 
identified and dealt with, in order to help increase both the effectiveness 
and efficiency of learning. The modern classroom leaves insufficient time 
to deal with diagnostic work and this proposal argues that one of the most 
important benefits of educational computing will be in helping to identify 
and remediate misconceptions and other obstacles to learning. 


 “Mathematics assessment is useful when it enables teachers to 
identify the particular problems that children are experiencing, and 
to profile their strengths and weaknesses. Forms of assessment that 
compare children in a linear fashion and label some children 
simply as “bad at maths” are likely to be counter-productive”. 
(Dowker 2005, p45). 


The Revised National Curriculum Statement for Mathematics (RNCS 
2002) identifies the role and importance of diagnostic assessment as 
follows… 


“Any assessment can be used for diagnostic purposes – that is, to 
discover the cause or causes of a learning barrier. Diagnostic 


                              
1 www.laptop.org 
2 www.khanya.co.za 



http://www.khanya.co.za/
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assessment assists in deciding on support strategies or identifying 
the need for professional help or remediation. It acts as a 
checkpoint to help redefine the Learning Programme goals, or to 
discover what learning has not taken place so as to put intervention 
strategies in place.” (p. 64) 


This proposal also argues that whereas every assessment can be used for 
diagnostic purposes, each of the tests may have varying levels of 
diagnostic value. Tests with a high diagnostic value better serve the 
identification of a specific obstacle than other tests. 


A Focus on the Rational Numbers 
The focus of this inquiry is the domain of rational numbers at Grades 8. 
The rational numbers include the decimal numbers, common integer 
fractions, and percentages. The application of these number systems 
within problems of ratio and proportion will also be considered. 
 I have selected this domain because:- 


• achieving competence in the rational numbers is a perennial 
problem for learners with many suggested models and approaches 
covering a long period in the history of mathematics educational 
research (Robertson 1924; Buswell & John 1926; Brueckner 1928; 
Neal & Foster 1928; Guiler 1945; Vinner et al 1981; Behr et al 
1983; Vanvakoussi & Vosnaidou 2004), 


• the step up from whole numbers to rational numbers is viewed as a 
process of conceptual change that may be the direct cause of many 
misconceptions (Vanvakoussi & Vosnaidou 2004),  


• the rational numbers is a very well-studied area of mathematics, 
both from the schema models built to reflect learner knowledge 
(their cognitive model) as well as in terms of the identification of 
misconceptions associated with this domain (many of the 
references in this proposal are indicative of this prior work),  


• rational number concepts and proficiencies are covered throughout 
the curriculum from grade 1 (conceptual development) up to grade 
9 (ratio and proportion and introduction of fractions into algebra) 


• all learners are required, within the new South African curriculum, 
to take either Mathematics or Mathematical Literacy up to the end 
of the FET3 phase. Both of these subjects require proficiency in the 
rational numbers. Examples of these specific proficiencies are the 
usage of decimal fractions for computation (such as in the 
Mathematical Literacy syllabus), and the usage of common 


                              
3 FET : Further Education and Training : The name given to grades 10-12 in the new South African schooling 
and educational system. 
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fractions for algebraic work. Anything less than expert proficiency 
in rational numbers will have a detrimental impact on the ability of 
the learner to cope with more advanced mathematics or in carrying 
out solutions to practical problems, both of which are relevant in 
the FET phase. 


As an example of problems with rational number proficiency, I cite two 
sample questions from the publicly available item banks which resulted 
from the world-wide TIMSS4 1999 survey (Mullis et al. 2000). 


Question B10 : Content Domain: Fractions and Number Sense 
Cognitive Domain : Knowing 
Which of these is the smallest number? 
A. 0.625      B. 0.25      C. 0.375      D. 0.5      E. 0.125 


 


Question D09 : Content Domain : Fractions and Number Sense 
Cognitive Domain : Using Complex Procedures 
Which of these fractions is the smallest? 


A. 
6
1         B.


3
2         C.


3
1         D.


2
1  


Both of these questions are concerned with finding the smallest rational 
number from a given set. One question uses decimal numbers and the 
other uses common fractions. On the surface these questions appear to be 
of similar levels of difficulty. 
Question B10 was answered correctly by just 6% of the South African 
learners, by far the smallest among the set of countries participating, 
although 4 other countries had results around 10%. On the surface, the 
result of 6% may be seen as a shocking result for the entire country, but 
this surprisingly reveals some hidden evidence. 
The problem that I have with a result of 6% success is that even a 
randomly guessed score would average to 20%, since there are 5 possible 
answers, and I thus argue that collectively the South African learners 
were making similar systematic mistakes in their best attempts to solve 
this problem, and were all using incorrect methods in their solution 
process which appeared to them to be perfectly normal and correct. 
Whereas the random effects of guessing would account for some 


                              
4 TIMSS : Trends in Mathematics and Science Survey. A regular survey of many countries (around 60) in terms 
of their relative capacity and proficiency over a number of dimensions. This is a world-wide systemic grading of 
the capacity of individual countries compared against each other. 







variation in the values, it is evident that the systematic effects of 
misconceptions accounts for the very small success rate. Such systematic 
effects are driven by the observation that learners do not simply make 
mistakes, but are generally applying some mental operations in attacking 
a problem, even if these are incorrect methods. Such studies of systematic 
behaviour in accounting for errors have a long history (for example, 
Olander 1933).  
There is a wealth of research on the misconceptions that arise from 
misuse of whole-number arithmetic within the domain of the rational 
numbers (for example Sackur-Grisvard & Leonard 1985 and the follow 
up study by Resnick et al. 1989) and based upon the results in these 
studies, I predict that the most common answer given to question B10 
would have been D, since this is the one with the lowest whole number if 
the decimal point is ignored. The actual spread of the answers is not 
provided within the TIMSS reports. 
For question D09, South Africa scored an aggregate 28% and this is 
sufficiently close to the average score of 25% (since there are 4 possible 
answers to select from) to infer that many learners guessed their answer 
using uninformed guessing, in which there was no other influence in their 
selection of the answer. 


Using the Web for Diagnostic Assessment 
The research inquiry I am proposing here explores how we may improve 
the effectiveness and efficiency of mathematics education and also 
improve our understanding of the mathematics learner as result of 
interventions concerning the exposure of learners to a web-based 
diagnostic environment. 
This approach, rather than the more conventional computer-based 
training approach using software loaded onto PCs or school networks, is 
motivated by the following :- 


• Centralised provisioning of the diagnostic environment will make 
it easier to update within the “design experiment” approach being 
proposed here – these include the types of assessments, the forms 
of assessment and the form of feedback 


• Significant amounts of raw data will be available from learner 
usage, which can greatly assist in our understanding of obstacles to 
learning the rational numbers (in particular) 


• If this approach is successful, it can move into practical 
implementation without the difficulties associated with distribution 
of software to schools. 
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• This approach can be extended into other areas of mathematics and 
into object subjects. 


My inquiry will examine how diagnostic assessment and remediation, 
delivered in a wide-area structure over the World-Wide Web, can 
increase the effectiveness and efficiency of learning. 


Item Response Theory (IRT) and a Proposed Modification 


No modern discussion of assessment will be complete without 
positioning the role of IRT, which confronts head-on the issue of the suitability 
of test items. 


Within IRT the individual test items are measured and calibrated 
probabilistically in terms of their observed difficulty, their capacity to 
discriminate amongst the population of learners, and their proneness to 
guessing. Being statistically based, it is the aggregate performance of the test 
items that is used, as opposed to their utility in providing diagnostic 
information. Whereas IRT is of considerable benefit to baseline, summative, 
and systemic assessment, I question its direct suitability for diagnostic 
assessment. 


Within IRT, ideal test items for a particular learner are those for which 
the likelihood of success is 50%, since it is at this level that the information 
derived from the assessment is maximised. 


The assessment approach of Computerised Adaptive Testing (CAT) (Van 
Der Linden & Glass 2000) takes this further, by selecting appropriate items to 
move the learner up or down the levels of difficulty of the test items until the 
scores stabilise at 50% success. The difficulty of the questions at the time of 
stopping the assessment process is then deemed to be the proficiency level of 
the learner. As a result, it is the basic purpose of both IRT and CAT to position 
the learners on a scale of proficiency that is largely determined by the range of 
test items used. Any different set of test items may produce a different scale. 
The recommendation within CAT is to recycle the items in the test banks, but 
this still does not resolve the issue of the scale of proficiency being dictated 
largely by the selection of the test items. 


It is my proposal that IRT can be used beyond its traditional role in 
assessing ability to also discover the evidence to support the existence of 
misconception-based thinking within the learners. 


Whereas unidimensional IRT examines for a single trait, and is used 
primarily for summative testing, there has been a strong interest in multi-
dimensional IRT, in which many traits can be tested simultaneously from the 
same battery of tests. This approach has been used to refine the profiency of the 
learner into smaller units, and so to gain useful diagnostic information 
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(Tatsuoka 1993). However, all of these approaches to multi-dimensional IRT 
are based upon ability alone. 


My model extends this view of IRT into the capability to measure 
misconceptions at the same time as ability, and to perform this within the scope 
of individual test items. This is based upon the possibility of there being many 
individual misconceptions available within a single test item, and that a single 
response from a learner may provide evidence for the existence of many of 
these. 


Even within simple test items, such as the determination of the largest of 
two decimal numbers, it is possible to uncover a range of misconception 
behaviours. These are captured within a misconception matrix associated with 
each test item, so that a particular response can provide evidence that can then 
provide the basis for inference on the confidence that a learner has a particular 
misconception or not. 


This approach is not described in detail in this paper, but it used as the 
basis for the creation of ideal test items for the detecting of misconceptions, as 
well as to provide a basis for the selection of the next item in a CAT 
environment. 


A Constructivist Theory of Learning 


At the conclusion of my inquiry I intend to make claims regarding the 
role of web-based technology in the teaching and learning of the rational 
numbers in the South African context, with particular emphasis on the 
Western Cape Province. I will also make claims concerning 
improvements in our understanding of learner’s constructions of 
mathematics that facilitate the utilisation of computer-based and web-
based learning environments. 
I thus need to ensure that such claims are justified in terms of the methods 
of data collection, analysis and interpretation I intend to use. 
The central task of a constructivist theory of learning is: 


“… to establish, at a fine grain of detail, how novice knowledge 
systems evolve in expert ones.” (Smith 1993, p148) 


This quotation summarises the components that a constructivist theory is 
required to contain and, correspondingly, the components that I must 
have in place before I can elaborate on the role of diagnostic assessment 
within a constructivist theory, and the nature of methods and evidence. 
These components are  


• firstly, the definition of a “knowledge system”, 
• secondly, the specification of an “expert” knowledge system, 
• thirdly, a description for how a knowledge system “evolves”, and 
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• finally, a basis for determining a suitable “grain size” for both the 
knowledge systems and the nature of the evolution of these 
systems. 


I now outline these components of the theoretical model. 


Knowledge Systems as Schema Models 
The “knowledge systems” referred to by Smith (1993) are the individual 
schema models that the learners use to carry out tasks in the various 
domains of knowledge. This is the same concept as Pellegrino et al 
(2001) identify as the “cognitive model”. 
I have defined earlier the concept of the “cognitive model” as being the 
internal, inaccessible mental model of the learner’s proficiency, and the 
“schema model” is our understanding of this cognitive model using some 
approach to defining schemas. 
Smith (1993) defines a knowledge system as a collection of schemas that 
connect with one another, each of which can be employed in the solution 
of a given task. Each of these schemas may represent a range of 
capabilities, including misconception types of behaviours. 
The schemas I am referring to in this section are the schemas within my 
generic schema model, as opposed to those for each individual learner. 
Each learners’ schema will be inferred as a mapping to my generic 
schema model. 
For the purpose of explanation I have developed the notion of a 
“spectrum” of expertise within the scope of each domain. This spectrum 
assumes the existence of a single measure of proficiency of an individual 
learner on her path from novice to expert. Whereas this is a grossly 
oversimplified view of the range of expertise in any domain, it provides a 
useful basis for my theoretical model, and can be extended to include 
branching and other complex learning structures as required for a more 
practical implementation. However the purpose of this model is to 
simplify the view of the range of proficiency and how we position an 
individual learner within this range as a part of her ongoing learning. 
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Diagram 1 : The Spectrum of Expertise 


There are a number of key points within this model that are central to my 
proposed research, and each of these is explained in turn. 


• This model is concerned with a single “domain” of knowledge, no 
matter how we choose to define or scope such a domain. Ideally, 
for diagnostic purposes, these domains are the finest level of 
knowledge that it is possible to consider as a unit and which have a 
range of proficiency associated with it. For this purpose the entire 
range of rational numbers is too broad for a single domain and 
finer domains will be required, such as unit fractions or fraction 
addition problems. 


• The model represents the complete scope of proficiency within the 
domain 


• The starting point is the novice who is experiencing it for the first 
time in a formal educational setting. 


• The novice comes into the domain with prior knowledge from 
other domains (such as bringing whole number knowledge into the 
rational numbers) 


• The novice also brings in informal knowledge acquired through 
experience in the world, perhaps using the knowledge in practical 
setting without ever having learned about it formally. For example, 
our experiences of counting and of sharing takes place years before 
schooling starts. 


• The expert is the ending point, in which there is total proficiency in 
this domain. In essence this is the capability of handling any 
situation in an expert manner, which may employ the use of 
specially-constructed rules (Smith 1995) as opposed to a perfect 
grasp of a few generic rules. The expert creates these new rules as 
part of ongoing learning processes in response to new situations. 
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• The concept of “expertise” is defined by the community rather than 
by a single individual or book. For school-level subjects, this 
expert level is defined by the Learning Outcomes and the 
Assessment Criteria within the curriculum statements (such as 
RNCS 2002). 


• Between the novice and the expert level there is a continuity of 
proficiency. There are documented “deviations” from this 
continuity which represent the results of the studies that have been 
performed into misconceptions and other kinds of obstacles to 
learning within the domain. Each of these is distinct and represents 
an area in which there are well-studied approaches for 
identification and remediation. It is considered normal for a learner 
to experience these deviations (Resnick et al. 1989) and it has been 
suggested that the learner’s role in the learning process is actually 
to make these mistakes (Nesher 1989). 


• Every individual learner can be placed onto the spectrum at her 
current level. 


• Everything below the learner’s current level consists of tasks that 
she is able to perform with total proficiency. 


• There is another point on the spectrum, located beyond the current 
level, but before the expert level, which defines the “learning 
horizon”. This is the limit to which the learner can answer 
questions based upon her current level of proficiency. 


• Over a period of time the learning process will cause the current 
level and the learning horizon to move towards the expert level 
until the current level is at the expert level – at which time the 
learning can be deemed to be completed. 


• Errors encountered within the learning horizon for an individual 
learner can be accounted for in terms of systematic errors resulting 
from misconceptions, which may be derived from prior knowledge, 
informal knowledge or from the misunderstandings associated with 
new knowledge obtained within the domain itself. 


• Errors encountered beyond the learning horizon cannot be 
accounted for as systematic errors and are random in nature, since 
the only option open to a learner is to guess the answer, since there 
is insufficient information for her to tackle the questions posed. 


The “Spectrum of Expertise” model I present here identifies not just the 
range of expertise, but also the range of the relative difficulty of problems 
posed within the domain during all forms of assessment. The calculated 
difficulty of the range of problems will be determined using a variation of 
Item Response Theory (IRT) adapted to meet the generic schema model I 
am proposing. 
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There is a natural linkage of this “Spectrum of Expertise” model with 
some major theories of learning. 


• The situated model (Lave 1996) and socio-cultural models are 
evident within the definition of the expert level as being created by 
the community, as well as the definition of the entire range of 
proficiency within a domain. By working within the scope of the 
curriculum the learner is naturally linked to the community that 
defined this curriculum in the first place. 


• The subrange of the domain between the learner’s current level and 
her learning horizon is similar to the Zone of Proximal 
Development (ZPD) of Vygotsky (1978). Whereas the ZPD is a 
theoretical model that identifies the gap between the ability of an 
individual learner to perform an activity on her own and the ability 
to perform the same activity using guidance provided by more 
knowledgeable others, the model I am proposing is defined purely 
in terms of the current proficiency of the learner without reference 
to the means of learning or to the activities performed during 
learning. Appropriate problems for a particular learner will be 
those within the ZPD of the learner, under the assumption that the 
diagnostic environment itself acts as the more knowledgeable 
other. 


• The schema model (Nesher 1987, Smith 1993) is the primary 
model on which my model is based in terms of the learner’s 
construction of her knowledge on the basis of her attempt to correct 
errors. This determines how she moves along the path to expertise - 
how the current level slowly approaches the expert level with every 
learning experience. 


Research Question 


What is the impact of using web-based diagnostic assessment and remediation 
for rational number learning in Grade 8? 


The “impact” from this research question will focus on :- 


• whether there is increased effectiveness in learning the rational 
numbers – in terms of the identification and remediation of 
obstacles 


• whether there is an improved performance in the learning process – 
in terms of the speed at which such learning takes place 


I am conscious of the fact that there may be some systemic impact arising 
from this inquiry, resulting from the availability of masses of information 
concerning school and district performance that was previously 
unavailable, although privacy and other ethical issues may effect the 
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direct utilisation of data obtained for purposes other than what is was 
intended for. The study of these system impacts are deemed to be outside 
of this scope of this inquiry. 
For my inquiry, by far the most important impact concerns the 
improvement in the performance of the learning of rational numbers, and 
the key measurable is the extent to which an individual learner increases 
her proficiency in all strands as outlined by Kilpatrick et al. (2001). The 
schema model to be used as the basis for the cognitive model is based 
upon this model of proficiency. As a part of this, my understanding of the 
learner’s schema model should change, particularly in relation to the 
domain of the rational numbers. 
As a result of this, I include a second question 


How will our understanding of the mathematics learner improve as direct result 
of interventions with a web-based diagnostic assessment. 


This will be answered by monitoring how the generic schema model 
changes based upon observations of learner behaviour and upon my 
attempts to improve the economy of diagnosis. 


Methodological Approach and Method 


I am planning to use the approach of a “design experiment” (Cobb et al. 
2003) to conduct my inquiry. This approach entails developing the 
theoretical model in conjunction with the research results, and adapting 
and refining this model over time and through continual experimentation. 


“Prototypically, design experiments entail both “engineering” 
particular forms of learning and systematically studying these 
forms of learning within the context defined by the means of 
supporting them.” (Cobb et al. 2003, p9) 


The usage of the Internet and the Web is highly suited to this 
methodology due to the centralised nature of the services provided, and 
the ability to modify the computer programs, test items, and schema 
models centrally during the experimentation cycle. 
This approach will involve using the teachers in the classes as a central 
element of the experimental framework and will involve a cycle of 
planning, assessment and analysis for each of the selected classrooms. 
The experiment will be adapted as required during this time, and this  
may involve modification to the generic schema model and to the types of 
misconceptions that the schemas are capable of handling, as well as 
changing how the diagnostic environment is made available to the 
learners. 
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The experimental approach that I adopt is modelled on the following 
experimental structure (using the method of Campell and Stanley as 
described in Opie (2004)) :- 


G1: RO1 X1 O2 X2 O3 
G2: RO4    O5 


• G1 : experimental group 
• G2 : control group 
• R : randomisation of the samples for both the experimental 


(participating in the treatments X) and the control groups 
• On : the observations taken within both groups 
• Xm : the treatments administered at different times, with 


observations that are used to modify the generic schema models 
and the corresponding treatments 


If there is a difficulty in performing the randomising, then a quasi-
experimental approach will be used :- 


G1: O1 X1 O2 X2 O3 
G2: O4    O5 


In this alternative approach there is no randomisation, but rather 
opportunistic selection of the schools and classes that are to be used. 
Whereas this is a weaker approach than the pure experimental approach, 
this is commonly applied within educational research experiments due to 
practical difficulties in randomizing the samples. 
The experimental process will include the following activities :- 


• Selection of a sample of schools and classes from a range of those 
available, using random sampling if possible 


• Establishment of a test instrument for the paper-and-pencil testing. 
• Pre- and Post-Testing of all Learners using the test instrument 


which is designed for a paper-and-pencil test environment. The 
timing of these post-tests will fall within the schedules of 
implementation of the diagnostic environment within each 
participating school. Control schools will be tested within a 
specific time period that is similar to the experimental groups. 


• Provision of the diagnostic environment as an intervention into the 
learning process, with scheduled introduction of the intervention 
into the different schools due to practical constraints of not being 
able to manage the interventions at the same time and on the same 
schedule. 


• Collection of data suitable for answering the research questions 
posed above. 
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• Dynamic modification of the schema model as required as part of 
the design experiment approach. 


Each participating school will be involved in a planned schedule of 
activities that will involved the following :- 


• Introduction to the Principal and Head of Mathematics, as well as 
all Mathematics teachers whose classes will participate – this will 
involve getting the buy-in to the entire research process which will 
include how many hours per week the learners will be able to 
access the diagnostic environment. This will also involve deciding 
the most convenient time in the school schedule when this 
experiment can be conducted. 


• Obtaining authorisation from the parents for participation of their 
children 


• Obtaining basic information for each of the learners participating, 
and creating user codes for each within the diagnostic environment 


• Performing pre-tests, which will be performed for each 
participating class in the school separately, using different sets of 
questions from the test instrument 


• Piloting of the diagnostic environment, including training and skills 
development 


• Full exposure to the tests, and monitoring of these. This phase is 
expected to last 2-6 weeks within each school 


• Closure of diagnostic environment at a specific defined termination 
date 


• Post-testing of the learners, as well as final comments from the 
learners and teachers using a small survey. Among these will be a 
note from the teachers in terms of how much related mathematics 
work was conducted in the class during the term of the experiment 


• For those schools within the control group, access to the diagnostic 
environment will be provided only after the post-tests. 


Preparation for Research Activities 
In the period up to the commencement date, much work will be needed in 
order to prepare the assessment environment and to calibrate the test 
items and the interactive testing functions. 
This will include the following activities :- 


• Detailed review of the literature to identify suitable diagnostic test  
• Creation of schemas to represent these misconceptions as well as to 


represent expert knowledge – which will involve design and 
refinement of the schema representation itself 


• Construction of item banks and linking of these to the schemas 
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• Calibration of the item banks using a set of candidate users 
• Implementation of the assessment engine and performing final 


testing in readiness for deployment 
• Creation of the rational number test instrument to use for the pre- 


and post-testing, and the calibration of this test using a sample of 
the participating schools. The individual test items will be 
calibrated using IRT methods, and will be selected so that the same 
questions used for calibration do not appear within the pre- and 
post-tests of the same schools. 


Sampling 
A set of schools within the Western Cape Province are to be selected as 
candidates for my inquiry. There are a wide range of schools to select 
from, but there are considerations that may make random selection of 
schools impractical, including the need to select schools within close 
proximity to one another (for example, as close to Cape Town as 
possible). 
Whereas all high schools in the Western Cape Province have computer 
facilities, not all are connected via the Internet and some have only low-
speed (dial-up) connections on a limited number of computers. For my 
inquiry the lack of a broadband connectivity will adversely affect the 
diagnostic environment. My pre-conditions for suitability of the schools 
are :- 


• the availability of sufficient computers which all have broadband 
Internet access, to make this inquiry possible 


• the availability of these computers for the learners for sufficient 
periods of time within the scope of my inquiry 


• the commitment of the head teacher, the head of mathematics and 
the teachers of the classes involved in my inquiry 


• teachers and learners who are computer literate in terms of basic 
computer operation and Internet access (ICDL5 or similar 
graduates preferred – it is noted that the Western Cape Province 
has a programme in place to ensure that teachers and learners 
obtain a qualification on computer literacy) 


                             


It will be important to determine the number of schools that meet this 
base set of requirements, and should there be problems in finding an 
appropriate sample using these criteria, then these criteria may be relaxed 


 
5 ICDL : The International Computer Driver’s License – a worldwide accepted norm for computer literacy, and 
promoted in South Africa by the ICDL Foundation (www.icdl.org.za). This is being rolled out by Khanya within 
the Western Cape Provincial Government. 



http://www.icdl.org.za/





to facilitate the selection of the sample. The research method will be 
adapted to the reduced set of criteria in this eventuality. 
The sample will include Grade 8 classes and it will be preferable to use 
all Grade 8 classes within the selected schools as well as all of the 
learners within each of these classes. There may be practical implications 
in using all of the Grade 8 classes within a selected school. In this case 
the experimental classes will be selected randomly, and other classes may 
participate as control groups. 
In situations in which there are a number of Grade 8 classes, it is possible 
to divide these into experimental and control groups. However this does 
raise a number of issues :- 


• there may be a side-effect in terms of the knowledge of the 
experimental intervention passing to the control group, since the 
learners are likely to discuss their experiences outside of the 
classroom. At least some of the change in the control group could 
be accounted for by the flow of knowledge from the experimental 
group. This is less likely to happen from one school to another. 


• there may be other extraneous factors that influence the individual 
schools, so that these cannot be considered to be part of the same 
population. For example, we have no control over the nature of the 
teaching and in particular the sequencing of the rational number 
teaching in the different schools and classes. The pre-test and post-
test environment should help normalise the impact of these 
differences. 


Pre-Testing and Post-Testing 
In order to determine the impact of the intervention, tests will be 
conducted at the start and the end of the intervention period, both on the 
experimental and the control groups. 
All of the classes will be pre- and post-tested using paper-and-pencil 
baseline assessments, to serve as an independent assessment of rational 
number proficiency, and to be used as a measure of the growth in 
proficiency from the start to the end of the experimentation period. The 
schools and classes will be divided into experimental and control groups 
on a randomised basis. The experimental groups will have access to the 
diagnostic environment on the basis of the agreed number of hours per 
week between the pre-test and the post-test. The control group will not 
have access to the diagnostic environment during this time and will not be 
trained in the usage of this. Should there be time available the control 
group may be granted access to the diagnostic environment, assuming 
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that the results from the experimental group are positive and that there are 
sufficient time and resources available to support this. 
Since there will be a non-trivial amount of setup time for each school, it 
is unlikely that the schools will all be able to undergo the experimental 
treatment at the same time, requiring the implementation in different 
schools to be staggered. This is a practical issue of implementation that 
will be required to be considered during the analysis of the data gained. 
If the results are deemed to be positive from early analysis of results, 
discussions with the schools may allow the diagnostic environment to 
remain available following the conclusion of experiment. 
It is expected that the total period of the experiment covering all schools 
will be 2-6 months in duration, and will involve the learners undergoing a 
minimum number of contact hours using the assessment tool. The 
duration will be longer if there is a need to change the experiments in 
order to refine the theories in terms of the effects of the web-based 
assessment, and to maximise the positive impacts. The design experiment 
approach will be used to provide this type of experimental adaptation. 
The plan is for the experimental work to be piloted in the 3rd term of 2007 
and implemented fully in 2008. There is a requirement for some initial 
piloting of the diagnostic environment and the generic schema model, to 
expose any practical limitations in carrying out the interventions and to 
enable these to be ironed out. The pilot studies will be performed on 1-2 
schools that will subsequently not participate as either experimental or 
control groups. 
One of the considerations will be to note the timing of the experimental 
intervention in relation to the timing of the teaching of rational numbers, 
which may be different in each of the participating schools. Other factors 
that may be relevant in explaining differences in the results will also be 
identified and recorded. 


Intervention/Treatment 
The intervention for the experimental groups will consist of the provision 
of the diagnostic environment, and specific times at which the learners 
will have access to this environment. This will involve them taking time 
to use the computer facilities and to access the diagnostic environment 
over the Internet/Web. 
The intervention will involve the individual learners logging into the 
diagnostic environment, answering questions, receiving feedback and 
guidance, and then logging off after a specific period of time. 
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During the early stages of working with each school, I will negotiate with 
the teachers in order to ensure that sufficient time can be made available 
for the intervention. Since I have no prior information on how much time 
will be sufficient I am identifying 2-4 weeks as a minimum with around 5 
contact hours of the diagnostic environment during this time. All of the 
learners will be monitored individually in terms of their growth in 
proficiency during the period of the experiment, as measured by their 
results on the tests. During the piloting phase I will determine how long is 
necessary in order to achieve measurable results. 


Experiment 
The experiment will be conducted in terms of a seven step process. 


Step 1 : Select Sample 
• Selection of the schools for experiment and control groups. 
• For each selected school - acceptance of participation by the 


Principal, Head of Mathematics and agreement to conditions 
imposed. 


• For each school - selection of individual classes to participate in 
the event that not all classes will be used. 


Step 2 : All Schools - Scheduling 
• This will include the planning for each of the schools. 
• Negotiation with each school in terms of ideal timing and obtaining 


the basic information that will be used later (names and contact 
details of teachers, sizes of the classes, timing of the teaching of 
rational numbers). 


Step 3 : Individual School - Preparation 
• Determining the classes to use within the school. 
• Obtaining permission from parent/guardians for participation – 


ensuring that those learners who are not given permission are given 
other activities by the teacher during the intervention sessions. 


• Training the Teachers in the usage of the diagnostic environment 
so that they can assist their learners. 


Step 4 : Individual School - Pre-Testing 
• Pre-Testing of each participating classes in the school at the same 


time for both experimental and control groups. 
• This is done using a paper-and-pencil test constructed for this 


purpose. 
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• The results of this are not provided back to the learners at this time, 
and they will be marked and used to create the initial schema 
models for each individual learner. 


Step 5 : Individual School - Roll-Out 
• Roll out of all of the interventions for the experimental groups 


within the school 
• This will involve training of the learners in the usage of the 


diagnostic environment, such as how to log in and log out, and how 
to answer the questions and to respond appropriately, and how to 
make usage of feedback information. 


• This training of learners may be accomplished by the teachers 
themselves, rather than myself or other research assistants. 


• There are likely to be many schools in the active experimental 
mode at the same time. 


Step 6 : All Schools - Monitoring 
• Monitoring of the experiment – data gathering and theory 


refinement. 
• This will be done on all participating schools at the same time. I 


will monitor these through the Web, and will adjust the generic 
schema model appropriately. 


• If there are to be large changes to the schema model, then I may 
require an additional mid-experiment test in order to obtain a 
separate non-web formative evaluation during the experiment. 


• Any learners that appear to be attempting to “beat the system” by 
deliberately falsifying their responses will be noted, but will not be 
acted upon. Their data will be removed before the results are 
processed. 


Step 7 : Individual School - Finalisation and Post-Testing 
• Finalising the experiment and post-testing of using the paper-and-


pencil tests using the test instrument. 
• The experiment is completed when the last school is finalised and 


the post-tests are completed. 
• At this time, the schools will be notified of the results of the pre-


tests and post-tests for each participating learner in both the 
experimental and the control groups. 


Cycle for Each Participating School 
The following table summaries the primary activities for each 


participating school with a proposed schedule for the school. 
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Weeks Activity 
1 Preparation. Class selection. Learner 


permissions. Teacher training. 
2 Pre-Testing. Introduce learners to diagnostic 


environment. Initial pilot work for 
familiarity with the environment. 


3-6 Interventions in diagnostic environment. 
7 Closing the diagnostic environment. Post-


testing. 


Ethical Considerations 
All of the learners participating in the experiment will be required to 


obtain permission from their parents, and this will be performed by letters 
signed by their parents. 


All schools and classes within the experiment will be given the 
opportunity to participate, but some may only have access to the diagnostic 
environment after the post-testing has been completed. 


It is essential that all school personnel are fully informed at all times in 
terms of their role and responsibilities, and to assure them of confidentiality in 
terms of the specific results associated with their schools and their learners. 


To achieve this the following will be done :- 


• All schools will be coded6, as well as all participating classes 
within each school. 


• All teachers will be coded. 
• All learners will be coded. 
• Where is necessary to refer to a school, teacher or learner, dummy 


names will be used rather than the real names. 
• Only I will have access to the linkage between the codes and the 


names, and these will not be stored on the web in any form that can 
be accessed by external personnel. 


• All results of all forms will be treated as confidential, including the 
pre-tests, post-tests, and the results of the diagnostic tests, and any 
qualitative surveys and interviews performed in the context of this 
inquiry. 


• If requested, each school may receive a confidential report on the 
progress of their own school classes, teachers and learners. 


                              
6 Coding refers to the process of providing coded names for each of the schools, teachers, learners, classes, 
etc… so that the true identity is hidden. 







• As required, negotiations may be made with the provincial 
government to make information available in summary of detailed 
form, by negotiation between the province, the districts and the 
schools. 


Anticipated Problems in the Approach 
There are a number of potential pitfalls that may require contingency 
planning, including:- 


• a lack of response from the teachers, perhaps due to the lack of 
time for this experiment, or perhaps because they are insufficiently 
informed and prepared to assist 


• lack of time spent by learners, in essence that they use the time to 
play games on the computer rather than to engage in the 
mathematics instruction 


• unprepared schools, in which the computer facilities or 
connectivity is not ready, or there is no buy-in from the Principal, 
the Head of Mathematics or the Computer Centre Manager. 


Proposed Data Analysis 


The pre- and post-tests will form the baseline for the growth of the 
learners proficiency in rational numbers. 
A considerable amount of data will be collected from the diagnostic 
assessment itself, including :- 


• the time spent by the individual learners using the assessment 
environment, including the number of test items they use 


• the responses given to the test items by each individual learner 
• comments given by learners as explanations for their answer 


selection – which will be given by the learners after they have 
answered specific questions, these will be entered into the database 
using the same diagnostic environment. 


• specific steps used by the learners in more complex situations, such 
as selecting the next step in a worked example from a range of 
alternatives 


• the type of remedial work provided and the effect of this on the 
immediate next test item 


• the frequency of specific schemas identified and whether these 
require modification 


• the frequency and performance of individual test items. 
The data analysis will explore relationships between these variables in 


order to answer the research questions posed. 
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Since 1998, South Africa has embarked upon a program on Indigenous Knowledge 
Systems (IKS), a program which calls upon Curriculum Planners and 
Implementers to incorporate IKS aspects within the various learning areas. In the 
context of mathematics, possibilities for this incorporation exist in various settings 
outside the classrooms. This paper discusses the extent to which mathematical 
knowledge is exhibited in cultural villages in both the workers and the artefacts 
made. The paper reflects on research that has been conducted at Lesedi Cultural 
Village and Basotho Cultural village and shows some mathematical concepts and 
uses found at such villages and how these can be used in mathematics classrooms, 
especially in the context of the new curriculum in South Africa. 
 
Introduction 
Cultural villages have been part of the cultural landscape of South Africa over many years. 
Before 1994, they predominantly served the purpose of showing the divide between the different 
cultural groups and in a sense helped to perpetuate the stereotypes and differences between the 
different groups. After the birth of democracy in 1994 most of these villages were turned around 
and used to showcase the cultural diversity that populates South Africa. The number of cultural 
villages have increased and their status as tourists centres enhanced even more to attract tourists 
from other parts of the world to a country that had for many years been riddled with political 
differences and policies of segregation and apartheid.  
 
Cultural villages still serve almost exclusively as tourist centres. Whilst this is an important 
development, especially for the economy of the country, questions have been raised about the 
purposes of the establishment of such villages and whether they really empower the 
predominantly black population of the country economically. Another argument that can be 
raised, which forms the major focus of the discussion of this paper, is that these villages can 
serve more educational purposes than just tourist centres. A mathematical analysis of the various 
artefacts and activities at the villages provides an opportunity to explore the mathematical 
concepts that are used regularly by inhabitants (workers) at such villages.  
 
Mathematical Knowledge as manifested in the work at Cultural Villages 
Each Cultural Village employs a number of people who are knowledgeable about cultural 
activities and can be able to enact them appropriately for the visitors. It is interesting to note that 
most of the villages (at least those I have visited) employ a number of the elderly in the 
community to be able to showcase various indigenous activities appropriately in their historical 
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and socio-cultural background. The employees get involved in actively making the artefacts that 
are showcased and sold at the courier shops found at the villages. They also take an active part in 
the decoration of the villages, like the mural decorations at the Lesedi cultural village explained 
below. A brief analysis of most of the artefacts and activities at these villages exhibits a number 
of mathematical concepts that are associated with the different activities. 
 
Gerdes (1999) indicates that the people of Africa south of the Sahara desert constitute a vibrant 
cultural mosaic, extremely rich in its diversity. Among these people are a variety of geometrical 
ideas as manifested in the work of wood and ivory carvers, potters, painters, weavers, mat and 
basket makers, and many other laborious and creative African men and women alike. Both men 
and women contribute creatively to these geometrical shapes. In fact Gerdes (1995) had earlier 
alluded to the work that women do in artefacts like decorated handbags, coiled baskets, string 
figures, decorated pottery, grass brooms, tattooing and body painting, bead ornaments, and mural 
decorations. Almost all the activities that Gerdes is referring to are found at the different cultural 
villages. 
 
In her book ‘Africa Counts’, Zaslavsky (1999) argues that Africans have made significant 
contributions to the development of counting and numbers and deserve a place in studies dealing 
with the subject. She then continues to write about the construction of the numerations system as 
experienced and practised in various countries in the African continent. A look at the Ndebele 
culture, especially at places like the Lesedi Cultural Village and the Botshabelo Historical Town 
expose the extent to which counting and numeration are used. They also show how members of 
such communities who have not been privileged to attend school are able to do most of the 
cultural activities and artefacts that are embedded with a lot of mathematical concepts and 
processes. Beadwork and artefacts covered in beads are found in many cultural villages. Dabula 
(2000) has gone on to explore and identify mathematical concepts associated with beadwork like 
number patterns, geometrical shapes, tessellation, and various types of symmetry. The same is 
exhibited and can be investigated further in the Ndebele culture. Examples of these are discussed 
below in the excerpt of the Ndebele culture at the Lesedi Cultural Village. 
 
Use of Mathematical Knowledge and Concepts at Basotho Cultural Village 
and Lesedi Cultural Village 
(i) Basotho Cultural Village 
The Basotho Cultural Village is situated in the Eastern part of the Free State Province of South 
Africa. It lies in the scenic Qwa-Qwa National Park which is found next to the Golden Gate 
National Park and the Drankesburg Mountain range is within easy reach. The village houses a 
traditional Sotho Museum, a sandstone amphitheatre, a restaurant and a curio shop. The museum 
introduces visitors to the Basotho nation, from its inception through its history till their present 
existence. 
 
In an ethnographic study of mathematical concepts in the cultural activities at the Basotho 
Cultural Village, Mosimege and Lebeta (2000:336 – 341) reported on the indigenous 
mathematical knowledge as used by the inhabitants of the village. They found extensive use of a 
variety of mathematical concepts in the following grass artefacts: (i) Traditional baskets (ii) 
Traditional hats and (iii) Miscellaneous items (Motlhotlho (strainer), Plaited rope used for 
binding, etc.). This study revealed that even though the average level of formal education for 
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most of the inhabitants of the village was Grade 4, the villagers were dealing with mathematical 
concepts like estimation, patterns, geometry, symmetry, etc. This illustration of use of 
mathematical concepts in various cultural activities showed that most indigenous people are 
knowledgeable about a variety of artefacts and activities in which mathematical concepts are 
used extensively. It is clear that such mathematical knowledge and concepts are used regularly in 
their work, even though they do not necessarily know the mathematical terms as described in 
mathematics literature. Yet they are able to use such concepts with ease and can actually describe 
them extensively. The same has been found in a study on indigenous games and related 
mathematical concepts (Mosimege 2000).   
 
Interview on how to make ‘Sesiu’ 
The excerpt reported below is part of the interview that was conducted with Mr M, one of the 
members of the village, actually the most important member as he plays the role of the Chief of 
the village. The excerpt explores how a container made of grass (Sesiu) is constructed. It also 
reveals the extent of the use of mathematical concepts in this particular activity as done by the 
male inhabitants of the Basotho Cultural Village. The study was conducted by two researchers, 
labelled R1 and R2. The interview was conducted in the Sesotho language which is the main 
language used at the village. Using this language also enabled Mr M to express himself freely 
without going through the difficulties of trying to cope with English which is not spoken daily at 
the village nor as part of the home language of the Basotho nation. 
 
 R1: Ooh Ntate, o ka qala joale o re bolelle hore ha ke qala ke etsa jwang, re ke re 
 kgone ho ho latella. O hle o re rute joale Ntate [Father, you can start now, tell us  
 how we begin and what we do, so that we can follow you. You may proceed to teach  
 us]. 
 M: Ke tla le ruta hee hore le ke le tsebe, le be le ye ho ruta ba bang. Joale ha ke qala  
 sesiu sena, ke qala ka ho nka hlotswana se se kana, joale ke se finye lefuto. Lefuto  
 lena ke la ho etsa hore ho na le ntho e ke tla hlaba mona e tlabe e se e tla tshwara. E  
 tlabe e be e se e tshwara hobane ke tla nka thapo e se e kene mono. Lehlabo leno ke 
 hlaba ka lona. [I am now teaching you so that you can know, and then you can go and 
 teach others. When I start ‘sesiu’, I start by taking this amount and make a knot. I  
 make this knot so that when I use something to put through, it will hold because I will 
 take a string. This needle I use to thread through]. 
 R2: Ntate, o re le nka joang bo bo kana. He ke a bona o bo bala, fela wena o tseba  
 hore bo lokile. O tseba jwang hore bo lokile?O tseba jwang hore O tsee selekanyo se 
 se kae?O tseba jwang hore o tshwanetse ho tsaa ngatana tse lesome kgotsa tse  
 masome a mabedi, hoba tse nne, ho ba tse kae?[Chief, you say you take so much  
 grass. I notice that you have not counted it. How do you know which amount to take?  
 How do you know which amount to take, whether it be ten grasses, or twenty, or four, 
 or how many?] 
 M: Ooh, ha ke etse joalo. Ke tsipa fela sehlopa. Ha ke batla ho etsa lefito le leholo ke  
 tsipa haholo fela. Ha ke batla ho...[I do not do that. I ,merely take a certain amount. 
 When I want to make a big knot, I take a big amount. When I  want…] 
 R2: So, ho tsipa hoono, ha se hore o a dibala. [So taking an amount, it does not mean  
 you count them] 
 M: Ha ke di bale. [I don’t count them]. 
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 R2: Ha o dibale. O di lebella ka mahlo, wa fetsa ka hore tse di ka etsa sena, tse di ka  
etsa sena.[You don’t count them. You just estimate by mere looking at them and decide 
that this amount will give this and this]. 


 M: Eke. Ha ke batla ho etsa ho ho holo, ke tla sheba ka mahlo fela hore ha e le mona  
 ke nkile ha kana, bo tla etsa boholo bo bo kana. Ha ke nkile ha kana, bo tla etsa 
 bonnyane bo bo kana. [Yes. When I want to make a big thing. I just use my eyes to  
 estimate any size I want to make. If I have taken this much, it will give me this small  
 amount]. 
 R1: Joale ha le nke le kgathatseha hore ha le sa di bale, joang bona ba lona bo tla  


fela ka pele, pele le qeta sesiu sena?.. Ke dumela hore le tswhwanetse le di bale.[Now  
 don’t you get worried that when you don’t count, the grass will get finished before  
 you complete the ‘sesiu’?..I believe that you should count them]. 
 M: Hee. Ha re di bale hoo hang hobane le joang bona ha re bo reke, re bo hela fela le  
 he bo ka fela. Re ntse re ya. Ebile o tseba hore o tlile ho etsa sesiu se se boholo bo  
 bokae se se tla nkang joang bo bo kae. [No, we don’t count at all. After all, even this 
 grass we don’t buy, we merely pick it up]. 
 
In this excerpt from the interview with Mr M, a number of mathematical concepts are referred to 
or used throughout the interview. Prominent among these is the estimation about how much 
grass is needed for which step in the making of this container. He explains the accuracy of his 
estimation from the experience which he gained from many years of working with the grass. He 
does not go on to count the number of grasses that he uses for the different sizes of the container, 
although this does not mean that he does not know how to count. Another part of this interview 
which is not reflected in the excerpt above is the size of the container (sesiu). The size is 
determined by what the container will be used for, so that the sizes of the containers vary. So the 
amount of grasses used for the different sizes of the containers are estimated. 
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Photograph 1: The Chief and other Male workers at Basotho Cultural Village showing the 
sesiu 
 
(ii) Lesedi Cultural Village 
Lesedi Cultural Village is situated approximately 50km to the north of Johannesburg and about 
40km west of Pretoria, the two major cities in the Gauteng Province. It is a multicultural village 
comprising of 5 traditional homesteads: the Zulus with their fighting sticks and cozy beehive 
huts; the Xhosa with their perfectly thatched rondawels and distinctive white blankets; the 
rhythmic drums and whistles of the Pedi tribe; the conical straw hats and the thick coloured 
blankets of the Basotho; and the art and craft market and the mural decorations of the Ndebele. 
 
The first phase of a study on Indigenous Mathematical Knowledge in South African 
Communities has focussed on the Lesedi Cultural Village (Mosimege, 2004). Thus far, four 
Ndebele ladies have been interviewed about their work and the extent to which they use 
mathematical concepts and principles in their work. Some of the findings that have been revealed 
in the study with respect to the ladies are: 


• They had never attended school 
• The learned how to make various artefacts (necklaces, ties, toys, etc) from their 


grandmothers and their sisters i.e. they learned the skills in beadwork from watching their 
grandmothers and in some cases their sisters when they made such. 


• They learned most of the skills when they were very young, between the ages of 10 and 
14 years 
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• They have also taken part in teaching their children the skills that they had learned from 
their grandmothers 


Some of the mathematical concepts that the four ladies referred to in various artefacts that they 
make regularly are: 


(i) Counting: This they clearly illustrated when they explained how they had to count the 
number of layers or turns to make before making a particular design in their 
beadwork 


(ii) Repetitive Cycles: There are instances in the designs when they have to repeat a 
specific part for purposes of adding similar designs or creating a similar pattern 


(iii) Similarity in Figures: These show themselves in most of the mural decorations that 
the Ndebele communities are well known for. Repetition of a specific geometric 
figure leads to specific types of patterns and the creation of a particular mural 
decoration 


(iv) Symmetry: This is also shown in a variety of artefacts. The knowledge they have 
gained has made them to be aware that there are mirror images and these mirror 
images tend to create a different effect than in the artefacts where it has not been 
used. 


 
 


 
 
Photograph 2: Beadwork Artefacts at Lesedi Cultural Village 
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Possible use of Mathematical Knowledge and Concepts used at Cultural 
Villages in Mathematics Classroom Settings 
South Africa has recently embarked upon a curriculum that strives to enable all learners to 
achieve to their maximum ability (Department of Education, 2002).  This is done through setting 
outcomes to be achieved at the end of a process. These outcomes encourage a learner-centred 
and activity-based approach. One of the developmental outcomes in the Revised National 
Curriculum Statement Grades R-9 Policy for Mathematics envisages learners who will be 
culturally and aesthetically sensitive across a range of social contexts (2002:2). Exposure to 
activities that take place at various cultural villages goes a long towards ensuring that this 
developmental outcome is attained. Actually the activities that take place at cultural villages and 
the artefacts that are found therein are a representation of what takes place in various 
communities in the different provinces of South Africa. It is therefore possible that some of the 
artefacts that are found at the cultural villages may be brought to classroom and analysed by the 
educators and learners together to reveal related mathematical concepts embedded in such 
artefacts. As they do so they will also be more about the communities in which they live. In fact, 
the use of various artefacts provides an opportunity for the community members knowledgeable 
in various artefacts and cultural activities to interact with the educators and learners. Such 
community members may be invited to schools to share their expertise and knowledge.  
 
In the interview with the Ndebele ladies, they indicated that knowledge of working with beads is 
passed on by grandmothers and mothers to their daughters. This is one way of ensuring that 
indigenous knowledge in the communities does not become extinct but is used appropriately to 
link what happens within mathematics classroom and activities outside the classrooms. 
 
The examples from the two cultural villages used in this paper reveal a use of various 
mathematical concepts activities. The mathematical concepts that have been identified in the 
making of a grass container and the beadwork as shown in the interviews above are: Counting; 
Estimation; Straightness of Lines; Shapes and Patterns; Angles; etc. Many other mathematical 
concepts may be found when an analysis of the various activities and processes is done. This 
calls upon the educators to play an important role of linking what happens at the cultural villages 
to various mathematics curriculum requirements. As Graven (2000:159) correctly points out, 
current curriculum change demand that teachers (educators) use a learner centred approach and 
understand mathematics as a learning area which includes the following identity of mathematics 
as a school subject: Maths as a useful subject for everyone, it is both relevant and practical and is 
applicable to everyday life. Teachers are appropriately placed (Mosimege, 2000:283) due to their 
mathematical knowledge to create linkages between various activities embedded with 
mathematical concepts to ensure that learners’ experiences are enriched through daily 
experiences of what they encounter outside the classroom. 
Educators can therefore help to close the gap that seems to be always there between classroom 
activities and activities outside the classroom, ensuring that mathematical concepts learned in 
classrooms is not done in isolation but takes into account daily experiences of workers in various 
settings, including cultural villages as known and established in countries like South Africa. 
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PRACTICAL EXAMPLES TO DEVELOP LEARNERS’ 
ALGEBRAIC THINKING: 
According to Soares et al. (2005:229), algebraic thinking can be developed and 
supported through the use of “algebrafied” tasks that help children look for general 
relationships They define these tasks as “ones that are transformed from arithmetic 
problems to opportunities for conjecturing, generalizing and justifying mathematical 
relationships”. Below is a selection of such tasks from the author’s experience, 
grouped into the four categories that can be viewed as “the big ideas” of algebraic 
thinking, namely generalizing, relationships, structure and equivalence, and language. 
 
1. GENERALISING 
Every mathematical topic, by virtue of being mathematical, involves generalization. 
Any technique or procedure, such as addition, extending a pattern, solving a linear 
equation, etc. is a “general method” for resolving a class of similar problems. A 
concept is a generality that has many different exemplars, e.g. the concept “triangle” 
with the various types of triangles as exemplars. Thus, every lesson affords 
opportunities for learners to generalize for themselves (Mason, Graham and 
Johnston-Wilder, 2005:22).  
 
It is important that learners articulate what they do/did during the generalising tasks 
in order to become aware of the generality of their actions. Mason et al (2005:25) 
mention “the MGA spiral”: through manipulating, learners start getting-a-sense of the 
generality (and even the structure) of what they are doing, and gradually becoming 
more proficient in articulating their experiences. 
 
Teachers can use “standard” arithmetic and geometric tasks to develop and support 
learners’ awareness of generalization. In these tasks learners do not only focus on 
finding the (correct) answer to the problem, but become aware that the same 
procedure is carried out each time a similar problem is solved, e.g. 
 
“Standard” task Generalising the “standard” task 
Calculate the sales tax on a purchase of R125. 
 


What would be the sales tax on purchases of 
R89; R235; R407,95; ... 
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What is the next number in the row of numbers: 
1; 3; 5; 7; ...? 


What is the next three numbers in the row of 
numbers: 1; 3; 5; 7; ...? And the 50th number? 
And the 100th number? 


Investigate whether the following is true: 
3 + 4 + 5 = 3 x 4 


Investigate whether the following are true: 
6 + 7 + 8 = 3 x 7 
11 + 12 + 13 = 3 x 12 
Can you make more such statements? 
Can you make similar statements with five 
numbers, e.g. 1 + 2 + 3 + 4 + 5 = 5 x 3? 
Will it work for 7 numbers? 4 numbers? 
 


Find the sum of 24 and 42. Find the sum of 16 and 61, 35 and 53, 27 and 
72. What do you see in each case? 


A cube has been painted on all six faces. If it is 
cut up by dividing each side in 2 parts, how 
many cubelets will be formed? How many 
cubelets will have painted faces? 


The same situation and questions, but now each 
side is divided into 3, 4, 5, ...parts. 


 
2. RELATIONSHIPS 
While developing learners’ notion of relationships, the notions of 
variables/variability and generality are simultaneously developed. 
 
As in the case of developing learners’ awareness of generalising, 
“standard” arithmetic and geometric tasks can be used to develop the 
notion of relationship between two variables, e.g. 
 
“Standard” task Generalising the “standard” task 
What is the next number in the row of numbers: 
1; 3; 5; 7; ...? 


What is the next three numbers in the row of 
numbers: 1; 3; 5; 7; ...? And the 50th number? 
And the 100th number? 


Blocks are stacked to form a wall, as shown in 
Diagram 1. How many block are needed to build 
a wall 5 levels high? 


Blocks are stacked to form a wall, as shown. 
How many block are needed to build a wall 5 
levels high? And 10 levels high? And 50 levels 
high? 


Matches are arranged to form 
rectangles/triangles as shown in Diagrams 2 and 
3. How many matches are needed to build a 
shape with 5 rectangles/triangles? 


Matches are arranged to form 
rectangles/triangles as shown. How many 
matches are needed to build a shape with 5 
triangles? And 10 triangles? And 50 triangles? 


Addition and multiplication tables to find 
individual answers 


Addition and multiplication tables to find 
relationships between rows and columns.  


Calenders are used to find dates Calenders are used to find relationships between 
dates. 
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Diagram 1 


Diagram 2 


Diagram 3 
 
 
3. STRUCTURE and EQUIVALENCE 
 
While developing learners’ notion of structure in arithmetic, the notions of 
equivalence and generality (and often relationships) are simultaneously developed. 
 
Of primary importance here is that learners become explicitly aware of the properties 
of operation, in particular the distributive, commutative and associative properties. 
This can be achieved by allowing learners to become aware of what they often 
intuitively do when doing arithmetic calculations, such as breaking down 
(decomposing) numbers and regrouping them. For example, in a relatively simple 
calculation such as 18 + 27, learners would often proceed as follows: 18 + 27 = 10 + 
8 + 20 + 7 = 10 + 20 + 8 + 7 = 30 + 8 + 2 + 5 = 30 + 10 + 5 = 45. Implicit in this are 
both the commutative and associative properties. Expecting learners to articulate 
what they are doing, and where necessary, using cognitive conflict, should assist in 
gradually explicating the underlying properties. Of course, the generality of these 
properties also start to appear.  
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The existence of the distributive property can be dealt with in the same way. For 
example, when multiplying 27 by 6, many learners intuitively decompose 27 as 20 + 
7, and multiply both 20 and 7 by 6. The same happens in the “standard long 
multiplication” technique. 
 
Concurrent to developing an increasing awareness of the properties of operation, the 
notion of equivalence is developed, i.e. that different (numeric) expressions are equal 
in value, for example: 
3 + 5 = 5 + 3 (commutative property) 
3 x (5 x 7) = (3 x 5) x 7 (associative property) 
6 x (20 + 7) = 6 x 20 + 6 x 7 (distributive property) 
 
4. LANGUAGE 
The NCS only requires learners for the first time in grade 8 to “describe, explain and 
justify observed relationships or rules in own words or in algebra”. Therefore, the 
symbolic language of algebra need not be introduced in the lower grades. However, 
where learners spontaneously start replacing words or traditional symbols such as □ 
with algebraic symbols such as x or a, they should be allowed to do so. They should 
however be required to clearly articulate why they do so, and what the meaning of the 
x or a is, and the teacher should satisfy herself that the learner understands this “new” 
symbol as a placeholder for any suitable number. 
 
 
CONCLUSION 
The current mathematics school curriculum (NCS for Mathematics GET) clearly 
expects learners to develop their algebraic thinking before learning formal algebra in 
grade 8. As pointed out earlier in this paper, this feature of the NCS is based on 
research into learners’ difficulties with algebra conducted over many years. 
 
It may be a challenge for many a primary school teacher to implement this aspect of 
the curriculum. It is however hoped that noticing and internalising the relevant 
Assessment Standards in Tables 1 to 4 above, as well as using the examples provided, 
teachers will have a framework from which to start developing young learners’ 
algebraic thinking from as early as grade 1.  
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However, without a proper classroom culture, this will be hard to achieve. Part of this 
classroom culture should be to move away from “getting the (correct) answer only” 
to an investigative approach, based on, and eventually moving beyond, Mason et al’s 
(2005:25) “MGA spiral” to include the following : 
Do more than one specific case (calculate) 
Look for patterns/results that are the same or different/procedures that are the same or 
different 
Identify these 
Articulate them (i.e. start forming a conjecture) 
Test the conjecture (i.e. see if the conjecture holds in similar cases. The implication 
here of course is that the learner can MAKE other similar cases, i.e. he has 
understood the similarity/seen the pattern in cases already done). 
 
“The highest aim in education is analogous to the highest aim in mathematics, 
namely, not to obtain results but powers, not particular solutions, but the means by 
which endless solutions may be wought” – G. Elliot (1855), in Mason et al (2005). 
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MUSINGS ON MULTIPLICATION TABLES AND ASSOCIATED 
MATHEMATICS AND INSTRUCTIONAL PRACTICES 


Faaiz Gierdien 
Stellenbosch University 


 
This paper is based on the author’s reflections on his use of a deceptively simple 
tabular representation of the ‘combined’ 12x12 multiplication table showing 
multiplier and multiplicand, starting at a time when he taught mathematics full 
time at a primary (elementary) school through to his present teaching of 
mathematics education modules to prospective teachers. A historically-motivated 
framework on the importance of tables as expressions of complex information in 
two-dimensional form taken from the Babylonian period around two millennia 
before the Common Era and onwards is used to gain insight into and understand 
multiplication tables. Through this framework it is shown that the modal practice 
of ‘knowing one’s tables’ in the primary grade levels is really about knowing 
sequenced and separated ‘lists’ of whole number multiplications. In contrast, 
tabular multiplication sequences in a combined multiplication table can, through 
appropriate instructional practices, enable the student to discover multiple 
relationships beyond multiplication or arithmetic, resulting in significant 
mathematics that spans the grade levels. The use of ‘mathematical skills’ alluded 
to in current curriculum policy documents on school mathematics reform in South 
Africa plays an important role in realizing this mathematics. Like the students in 
Babylonian scribal schools, the author’s present students see the necessity for 
children to learn their ‘tables’ in sequence through rote memorization with a 
vague promise of its utility ‘later on.’ Today, however, we can compress (and 
decompress) the mathematics in a combined multiplication table, thereby creating 
a continuum between arithmetic and algebra. All of the above have implications 
for mathematics teacher education practice with its current focus ‘mathematics for 
teaching. 
 


Introduction and rationale 
 
Beyond the so-called multiplication tables there is significant mathematics in a 
12x12 tabular representation of the multiplication tables (see Figure 1), which 
deserves attention. ‘What’ this mathematics is has a great deal to do with ‘how’ 
one approaches Figure 1. On a similar point, Dewey (1904/1964) writes 
extensively on dichotomies such as content and pedagogy, subject matter and 
method, and the result of separating the two. Put differently, ‘what’ the 
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mathematics in Figure 1 is as content or subject matter has to do with ‘how’ or the 
pedagogy or method that is used. This is the main argument for the title of the 
paper, namely ‘mathematics’ and ‘instructional practices.’ 
 
We know only too well the inert status of ‘the multiplication tables’ in relation to 
the rest of the mathematics curriculum. The idea of the paper is therefore to throw 
‘multiplication tables’ into ‘fresh combinations’ (Whitehead, 1929/1951) with 
other branches of the mathematics curriculum. Any curriculum associated with 
Figure 1 is thus intimately connected to the type of instruction that accompanies it. 
 
The paper takes the form of the author’s reflections on some of the mathematics 
and instructional practices associated with Figure 1 which he first noticed in Burns 
(2000) while teaching mathematics full time at an elementary (primary) school. He 
became intrigued by the structure, pattern and symmetry in this multiplication table 
and the attendant history of tables as human inventions and has been using it since 
in pre-service mathematics education modules and professional development 
opportunities for in-service teachers. 
 
Current curriculum policy statements in South Africa provide a certain orientation 
towards multiplication tables that is helpful but also inadequate (DoE, 2003). In the 
primary or elementary grade levels, multiplication is mainly associated with ‘the 
multiplication tables,’ hence there will be a focus on references to ‘multiplication’ 
in the policy document (DoE, 2003). Policy statements contain no detailed 
vignettes that illustrate the power of tables with respect to multiplication tables to 
start with. For example, they suggest that multiplication should be introduced 
through ‘repeated addition’ in the first grade and then multiplication of whole 1-
digit by 1-digit numbers in the second grade and whole 2 digit by 1-digit numbers 
in the third grade. From the fourth to the sixth grades ‘learners’ should be 
encouraged to memorize multiplication fluently to at least 12x12. 
 
The point to note is that multiplication table, through an understanding of tables 
per se is never revisited further along in the grade levels in terms of their potential 
to connect ‘multiplication tables’ with other mathematics. Moreover, confining the 
multiplication tables to Learning Outcome 1—numbers, operations and 
relationships is an impoverished conception of the possible power of tables as 
bearers of mathematical information. Depending on the representations of 
multiplication tables that are being used and accompanying ‘investigations’ as 
suggested in the policy document, it can be shown too, that they connect with 
Learning Outcome 2  - patterns, functions and algebra, for example. Such 
investigations can take us well into grade levels 11 through 12, i.e. the ‘Further 
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Education and Training’ band starting with the ‘multiplication tables’ in the lower 
grade levels. 


 
1 2 3 4 5 6 7 8 9 10 11 12 
2 4 6 8 10 12 14 16 18 20 22 24 
3 6 9 12 15 18 21 24 27 30 33 36 
4 8 12 16 20 24 28 32 36 40 44 48 
5 10 15 20 25 30 35 40 45 50 55 60 
6 12 18 24 30 36 42 48 54 60 66 72 
7 14 21 28 35 42 49 56 63 70 77 84 
8 16 24 32 40 48 56 64 72 80 88 96 
9 18 27 36 45 54 63 72 81 90 99 108
10 20 30 40 50 60 70 80 90 100 110 120
11 22 33 44 55 66 77 88 99 110 121 132
12 24 36 48 60 72 84 96 108 120 132 144


Figure 1 
 
Teaching investigations that are fruitful and beyond ‘multiplication tables’ imply 
instructing students in ways that draw attention to the myriad of patterns in the 
rows, columns and diagonals in Figure 1 and the questions we pose about them. 
This Deweyan idea of the ‘what’ and the ‘how’ relates to a current focus in 
mathematics teacher education research, namely ‘mathematics for teaching’ (Ball 
& Bass, 2000; Ball, Bass & Hill, 2004; Adler, 2005). We can think of the ‘what’ as 
‘mathematics’ and the ‘how’ as ‘teaching.’ Also, the ‘mathematics for teaching’ 
literature alerts us to the compression and decompression or ‘unpacking’ of the 
mathematics in Figure 1 when it comes to instruction. 
 
For the purposes of this paper, instructional practices refer to teaching and learning 
situations exemplified by the uses and non-uses of ‘mathematical skills’ such as 
specializing, generalizing, representing, problem posing and recognising and 
extending patterns (DoE, 2003) in relation to Figure 1 or otherwise stated. When 
teachers teach the multiplication tables, they ‘instruct’ their students in various 
ways. Some might focus on a rote memorization while others might want their 
students to search for patterns with respect to odd or even numbers when they are 
multiplied. Yet others will want their students to see beyond the multiplication and 
will push them to ask ‘what happens if?’ or ‘how can we generalize a diagonal or a 
horizontal sequence?’, thereby focusing on ‘structure’ in their instruction. Amongst 
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others, Mason’s (1998), Brown & Walter’s (1990) and Olivier and Human’s 
(1999) work exemplify these ‘mathematical skills.’ 
 
It should be noted that ‘mathematics for teaching’ with respect to Figure 1 can also 
be connected to multiplication literature and other literature on ways of connecting 
arithmetic and algebra. These are instances of ‘fresh combinations.’ The first 
implies paying attention to Steffe’s (1988; 1994), Izsák’s (2004; 2005) and Clark 
and Kamii’s (1996) work on the importance of fostering and identifying children’s 
‘multiplication schemes,’ through the use of multiple representations and particular 
‘mathematical skills’ involving investigations. The same holds true for the second, 
where we bridge the ‘gap’ between arithmetic and algebra (Nunn, 1919; Sfard & 
Linchevski, 1994; Blanton & Kaput, 2003; Olivier & Human 1999). For instance, 
it can be shown that through particular investigations, algebra can come about 
through the reification or generalization of arithmetical processes noticeable in 
possible recursive and functional relationships of the arithmetical equivalences in 
Figure 1. If this is done we notice the emergence of mathematical or algebraic 
objects at another level, namely arithmetical processes becoming compressed as 
symbols. 
 
Such type of investigations with respect to Figure 1 are important for prospective 
and in-service teachers because they are about ways of seeking alignment with the 
policy statements on ‘learning outcomes’ and ‘mathematical skills’ and to 
‘mathematics for teaching.’ Concerning prospective teachers with whom the author 
is working presently, Adler (2005: 5) asks where and how prospective teachers are 
provided with opportunities for learning to unpack mathematics, and so develop 
pedagogically useful mathematics, i.e. mathematics for teaching. As a first step, we 
need to loosen up earlier and present iterations of meanings and thereby subtly 
question settled dogmas such as ‘knowing one’s tables’ by examining our thinking 
on tables, multiplication tables and related instructional practices. Where should 
we begin? 
 


A historical perspective on tables, multiplication tables and related 
instructional practices 
 
The construction of Figure 1 has to be viewed in light of the historical legacy of 
tables as bearers of information or data in two dimensions. The construction of 
tables and tabular formatting occurred in ancient Iraq during the second 
millennium before the Common Era. It is the best documented period of 
mathematics in scribal schools (Robson, 2000) and thus an appropriate period to 
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look at for the purposes of this paper, which in part focuses on school mathematics. 
During this period, scribes developed the ‘tabular account’ as an efficient way of 
sorting, recording and storing data (Robson, 2003). Some of the data they worked 
with were in the area of metrology, e.g. weights, areas, and volumes and capacities. 
Here they used tables to do conversions between different weight, area and volume 
units, for example. 
 
This is of course not the only purpose of tables. A key feature of the tabulation that 
evolved then is the horizontal and vertical separation of quantitative and sometimes 
qualitative data such as the number of sheep in a flock, or areas and capacities, for 
example (Robson, 2003: 29). A table thus has rows and columns that are aligned. It 
could also be linear, i.e. having columns only that function more like columns of a 
newspaper than columns of a table. In such a case there are no relationships 
between the information or data in rows and in columns and we have a ‘list.’ In 
such a case it would not be possible to find or express numerical or other 
relationships between and within columns and rows. This distinction between 
‘tables’ and ‘lists’ must be borne in mind when we examine multiplication tables in 
present day schools. 
 
There is more to know about multiplication lists. We now know that some 
multiplication or arithmetical lists during this period in Babylonia were ‘prosaic,’ 
or verbose, i.e. in words, while others were terse. Robson (1998) gives the example 
of a tablet of the ‘2 times tables.’ (See Figure 2) 
 


Obverse Reverse 
2 times 
1 


2 times 
12 


24 


times 2 4 etc. … 
times 3 6 … … 
…  … … 
…  … … 
…  times 


30 
1 00 


…  times 
40 


1 20 


times 11 22 times 
50 


1 40 


Figure 2  
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These would be the ‘2 times tables’ in the sexagesimal place value system, 
explaining why ‘2 times 40’ equals 1 20! These ‘multiplication tables’ are 
‘verbose’ because of the use of words (‘times’). In terms of instruction, students in 
scribal schools were required to memorize a list of a standard series of 
multiplication through repeated copying and revision. They would do this first as 
individual sections and then as long extracts from the whole list (Robson, 2003: 
31), which could be up to 1000 lines in total! Robson (2003: 32-36) shows the 
example of a fifteen times multiplication ‘table,’ meaning that she questions our 
use of ‘table.’ She notes that our collective blindness to document formatting has 
caused us to refer erroneously to the intrinsically tabular documents as ‘lexical 
lists’ in Sumerian and Akkadian translations for example, while their list-like 
arithmetical counterparts are always known as ‘multiplication tables’ (emphasis in 
original). It is therefore not surprising that in some of her research she calls ‘tables’ 
a misnomer because the scribal students were in fact memorising lists of number 
facts (Robson, 2002: 361). 
 
More intriguing is that she found a strong disinclination towards a truly tabular 
format in school arithmetic and thus in its instructional uses. Here one might have 
expected the proliferation of tables! She notes that Mesopotamian scholastic 
mathematics employed tables very rarely, preferring to express arithmetical and 
metrological equivalences as lists (Robson, 2003: 42). Truly tabular mathematical 
documents at the time have their debt to administrative and astronomical practices. 
In other words, such documents have their rows and columns aligned, i.e. they 
have a two-dimensional layout or format from which data such as the visibility of 
planets or stars and time of year or month can be retrieved because of the two 
dimensional format. 
 
In her more recent work, she observes that we underestimate the invention of 
tables as ‘truly powerful information-processing tools, cognitively distinct from 
well-organized lists’ (Robson, 2007: 421). In this sense Figure 1 is not a ‘list’ but a 
‘truly tabular table’ (Robson, 2003: 42) because the reader’s cognition or attention 
can be directed to the myriad of relationships between the numbers in the rows, 
columns and diagonals. These turn out to be of a profound nature, which we can 
investigate depending on the problems or questions we pose about them. For 
example, we can investigate the numerical information imbedded in Figure 1 
beyond ‘multiplication’, through the use of the ‘mathematical skills’ mentioned 
earlier, thereby opening up the viewer’s recognition as to what the relationships 
could be. 
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We should be careful not to write off the Babylonian period in terms of its school 
mathematics as being simply a period of multiplication ‘lists’ accompanied by 
instructional practices that focused on a rote memorization of ‘multiplication facts’ 
in sequence, and a laborious copying of long lists of multiplication in verbose and 
terse forms. Instead, it is the cognitive distinction between columnar and row 
organization in the construction of Figure 1,  which has its precedent in old 
Babylonian tables stemming in part from tabular bookkeeping or accounting for 
instance, that we should appreciate (Robson, 2004). 
 
To summarise, Robson’s work points us to the need to differentiate between ‘lists’ 
and ‘tables’ or list-like and truly tabular representations, and hence multiplication 
lists and tables. The former are one-dimensional, typical of newspaper columns, 
whereas tables essentially have a two-dimensional layout where numerical or other 
type of information is stored, recorded and from whence it can be retrieved. It is 
with this lens that we now turn our attention to multiplication tables and related 
instructional practice in schools. 
 
On modal multiplication tables instructional practice in schools 
 
The format or layout of ‘multiplication tables’ in schools and the associated 
instructional practice impact on ‘what’ mathematics students learn and in turn 
‘how’ they learn. In most schools, ‘multiplication tables’ are represented as 
separate albeit well-organized lists of arithmetical equivalences for the different 
multipliers 1 through 12. From prospective and in-service teachers’ anecdotes and 
what the author has observed, these representations are usually in the form of wall 
charts, as one teacher reported during a professional development opportunity at a 
local mathematics teacher education conference: 


 
Such wall charts are no doubt well-organized and in sequence, meaning arithmetic 
equivalences or ‘multiplication facts’ are listed from 1 through 12. This is probably 
no different from what Robson (1998, 2002, and 2003) found in the case of 
scholastic mathematics in Mesopotamia. Through systematic and careful 
instruction, students’ cognition could be directed towards patterns and structures 
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that are separate for each of the multipliers and multiplicands. These would be 
confined to the columns that one needs to read in a vertical manner, such as 
newspaper columns. This newspaper-like representation in wall charts does not 
afford students or teachers the opportunity to make cognitive distinctions between 
columnar and row organization as is possible in Figure 1. In the latter it is possible 
to pose questions about the rows and diagonals as will be seen later on this in this 
paper. It is the two-dimensionality of tables per se that is missing in separately 
listed multiplication equivalences as in the wall charts described by the teacher. 
 
What is thus evident is that the layout of ‘multiplication tables’ in schools impacts 
on instruction. Sources of evidence for this claim are the author’s own schooling 
and the anecdotal accounts given by prospective and practicing teachers in his 
mathematics education modules for the past several years. Most of his current 
students have never encountered a multiplication table like the one in Figure 1. 
They describe ‘multiplication tables’ in schools as ‘separate’ lists for each of the 
different multipliers 1 through 12, including zero at times. 
 
In terms of instructional practices they paint pictures of moments where they have 
had to sit in corners and memorize the ‘difficult’ ‘seven times tables’ and ‘twelve 
times tables.’ They were pleasantly surprised to see connections between the ‘ten 
times tables’ and the ‘two times tables’ through the distributive property in the case 
of the ‘twelve times tables.’ Thus what we have in most schools are well-organized 
multiplication lists in sequence as opposed to truly tabular multiplication tables 
such as Figure 1. In our instructional practice are we insisting that our students 
know their multiplication tables or their multiplication lists? 
 
By examining instances of instructional practice with respect to multiplication 
tables we gain a clearer sense of ‘what’ students are learning and also ‘how’ they 
are learning. The following comes from a seventh grade teacher who was 
concerned that her students did not know their multiplication tables ‘fluently.’ She 
assigned her class to complete several commercially available worksheets of the 
form shown below. This form is somewhat abbreviated. 
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1. 3x2 = 


__ 
26. 6x2 = 


__ 
2. 5x0= __ 27. 2x11= 


__ 
3. 4x1= __ 28. 10x5= 


__ 
.  .  
.  .  
.  .  
23. 3x10= 


__ 
48. 5x6= __ 


24. 7x2= __ 49. 5x5= __ 
25. 4x4= __ 50. 3x4= __ 


Figure 3 
 
Each of the worksheets consists of four columns of two digit multiplications where 
the ‘answers’ have to be filled in. The ‘levels’ of these sheets go from A through Z. 
A perfunctory glance at these sheets tells the reader that there is no intellectual 
purpose or overall goal in terms of students filling in the sheets. The claim that 
students become ‘fluent’ in their multiplication tables has to be questioned. Stated 
differently, giving a seventh grade class these sheets amounts to a waste of 
curricular time. The powerful influence of such commercial worksheets on the 
practice of teachers should not be underestimated. Unsuspecting teachers and 
society at large may firmly believe that such worksheets reinforce fluency of the 
multiplication tables. The mathematics imbedded in truly tabular multiplication 
tables escapes students, in addition to most teachers. 
 
As a true multiplication table, Figure1 is a means to store or compress mathematics 
which can then be decompressed as length quantities in the case of rectangular 
areas on grid paper, for example. We now turn to a case where third grade students 
were taught their ‘multiplication tables’ in such a way. 


When third grade students explore multiplication tables through rectangles 
 
During the early 2000s, the author experimented with the idea of using Figure1 as 
a means to teach the ‘multiplication tables’ to a group of third grade students by 







80 
 


using rectangles which they had to shade in on grid paper. This approach ties in 
with the two-dimensional layout of Figure1, i.e. rows and columns. 
 
The instruction to the third grade students was that they had to search for 
equivalences such as 2x12=24, 12x2=24, 3x8=24, 8x3=24, 4x6=24 and 6x4=24 in 
Figure1. These they then had to shade as rectangles on grid paper. These 
equivalences appear on the ‘inside’ of Figure1 in quite a structured way. 
 
The students attended a parochial school in a university town in the Midwest in the 
United States where the author was a full time teacher. There was pressure from 
the school administration and parent community to teach the students their 
multiplication tables through rote memorization. The way the author went about 
examining the multiplication tables and two digit multiplication as elaborated so 
far, were thus not completely sanctioned by the school administration because it 
was found to be ‘strange.’ There was also no possibility of interviews with the 
students, as might have been the case during well-funded research, to find out how 
they went about doing their ‘multiplication tables’ as the author instructed them. 
The students’ written work is therefore the main data source.  
 
To do the multiplication as shown in the equivalences, the author ‘told’ the 
students to shade rows and columns of unit squares or ‘blocks’ as they preferred to 
call them on the grid paper provided, to form rectangles. The grid paper was the 
centimetre paper as found in Burns (2000). For example, 3x8=24 meant shading a 
row of 3 ‘blocks’ and a column of 8 ‘blocks’ to form a rectangle that has 24 
‘blocks.’ In other words, there is a connection between rows and columns and 
multiplier and multiplicand. This meant that they had to coordinate rows and 
columns in the way they had to do their shading. Such an action connected well 
with the two-dimensional format of the tabular multiplication table in Figure1 
which shows multiplier and multiplicand.  
 
The equivalences referred to earlier are examples of the complex ‘numerical’ 
information in a two-dimensional form or layout typical of tables, as Robson 
(2003) points out. At the time, the author became intrigued by the tabular 
formatting and especially the intercolumnar relationships, as revealed by the spread 
of the equivalences. Interestingly, they lie symmetrically with respect to the square 
numbers, e.g. 1, 4, 9 etc. They might well be considered as ‘lists of multiplication 
facts’ when viewed ‘outside’ the tabular multiplication table in Figure1. Also, the 
author hoped the students would recognize 8 + 8 + 8 = 24 or 3 + 3 + 3 + 3 + 3 + 3 
= 24 as ‘repeated addition’, as they coordinated their counting of shaded ‘blocks’ 
in the rows and columns. In the end it was hoped that they would make a transition 
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to multiplicative thinking from additive thinking. Admittedly there was nothing 
revolutionary about the instruction of ‘telling’ the third grade students how and 
what to do as they went about ‘counting the blocks.’  
The two-dimensional form of the multiplication table in Figure1 and its imbedded 
equivalences have conceptual connections with Steffe’s (1988; 1994) research on 
tracing third grade students’ psychological structures for multiplication out of their 
structures for counting. For the students’ multiplication schemes to emerge, they 
would have to think of a number such as 16 for example, through the notion of 
what Steffe calls composite units. A child who has formed composite units can 
understand the number 16 simultaneously as one group of sixteen and as sixteen 
individual units. A child’s multiplying scheme involves the coordination of two 
composite units, which the tabular multiplication table (Figure1) ought to foster in 
addition to the author’s ‘telling.’ Sure enough there were cases where the students 
had the correct rectangles shaded on the grid paper in relation to the multiplication 
equivalences. Examples of work where students did not coordinate their shadings 
of the ‘blocks’ or rectangles warrant our attention because they reveal a struggle in 
their transition from additive to multiplicative thinking despite the author’s explicit 
instructional practice of ‘telling.’ 
The third grade student work in Figure4 shows his/her emergent multiplicative 
scheme. It comes from the case where a group of third grade students was asked to 
shade equivalences such as 2x8= 16, 8x2=16, and 4x4=16.  
 


 


 
Figure 4 


 
The third grade student’s emergent multiplying scheme is related more to additive 
thinking in spite of the multiplication sign. For example, 4 x 4 = 16, represents 
counting - 4 + 4 - which equals 8. On the right side, the counting is 8 + 2 (=10) and 
2 + 8 (=10). This third grade student’s connections between multiplication and the 
underlying row and column structure of unit squares or ‘blocks’ is not there. There 
was no coordination in the shading and in the counting of the ‘blocks’ as 
composite units that yield 16. What we see is what happened despite the author’s 
‘telling’ students how to coordinate the rows and columns once equivalences have 
been identified ‘inside’ Figure1.  
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The finding illustrated here complements research that indicates that many students 
in the primary grade levels, whether they are in third or fifth grade, have trouble 
understanding the multiplicative relation between length and rectangular area 
measurement. For example, Izsák (2005) found that fifth grade students, when 
representing rectangular areas on grid paper had problems because they had to 
‘count the squares’ or the ‘blocks’ as in this case. His research was on how fifth 
grade students used their computational knowledge of whole number 
multiplication and connections between multiplication and discrete arrays to 
construct understandings of area.  
 
Numbers ‘inside’ Figure1 can be interpreted as composite units, counting schemes, 
and understandings of area. These are not the only possibilities with respect to 
Figure1. The table offers the potential for the gradual development of subject 
matter other than might naively be expected because of the numerical information 
presented in a two-dimensional, compact format. It is to this that we turn next. 
 


If these are multiplication tables, why are we doing addition or what could be 
the mathematics in the multiplication tables?  
 
The first question in the above reflects a prospective teacher’s reaction to the 
author’s attempt to broaden thinking around the ‘multiplication tables’ using 
Figure1. The question came about when the following problem was posed to a 
class of prospective primary school teachers in one of the mathematics education 
modules that the author taught. 


Is there a way to find the sum of all the numbers in the 12x12 multi-
plication table and can we extend our answer to an n x n 
multiplication table?  


The fact that the ‘multiplication tables’, as represented in Figure1 could be used for 
purposes other than ‘multiplication’ was an unusual concept for the student, hence 
her question. The author’s students had been made aware of the structure and 
symmetry in Figure1 and were aware of its arithmetic. Even so, as revealed by this 
student’s remark, they saw the arithmetic as very fragmented, i.e. multiplication as 
separate from addition. The author’s aim with the question was to seek alignment 
in his pedagogy with Learning Outcome 2 - patterns, functions and algebra and 
mathematical skills such as specializing and generalizing, pattern recognition and 
pattern extension. From previous class sessions, his students had been puzzled by 







83 
 


the question on how one would introduce algebra in the intermediate and senior 
phases.   
 
From a historical perspective Figure1 is a tabular representation in which 
arithmetical information is stored, recorded and where it can be retrieved. In 
particular, it can be used to investigate connections between arithmetic and algebra 
because of its two-dimensional format and imbedded multiplication sequences. 
Following Nunn (1919) we recognize no harsh dividing line between arithmetic 
and algebra: 


The difficulty of finding a precise difference between arithmetic and 
algebra (as these terms are commonly understood) is well known. It is 
due to the fact that the distinction between them consists not so much in 
a difference of subject-matter as in a difference of attitude towards the 
same subject matter. 


The ‘mathematical skills’ mentioned earlier play a key role in doing these 
investigations. For most of the author’s prospective primary school teachers, the 
arithmetic in Figure1 was ‘obvious.’ It is to the problem posed to them earlier that 
we now return. The first row of the table below shows a shortened and generalized 
version of the numbers in the first row of Figure1, i.e. the multiplication sequence 
1, 2, 3, … 
 
The last row of the table below is the sum of the consecutive multiplication 
sequence in Row 1 of Figure1, i.e. the triangular numbers. The point is to find the 
functional relationship between the sum of a particular sequence in Row 1 and the 
indicated sum in the last row. Using equivalence, a particular relationship or 
pattern is recognized and extended, as indicated by the arrows. The middle rows, 
labeled ‘multiply’, show how this pattern is recognized by using equivalence. The 
last column is a generalization of this pattern.  
 
Through pattern recognition, pattern extension, specializing and generalizing, it is 
possible to rewrite the arithmetical processes in the investigation to the point where 
the mathematical object emerges from the generalization:  
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Row 1 1 2 3 4 5 6 7 n 
Multiply   1   2   3   4  
Multiply 
(equivalence) 2


2   
2
3   


2
4  


2
5   


2
6      


2
1+n  


Sum of Row 
1/ 
Triangular 
#s 


 
1 


 
3 


 
6 


 
10 


 
15 


 
21 


 
28 


 


2
)1( +nn  


 
This general case is arrived at examining the special case of 5 x 3 = 15: 
 


5 
X 3 
X 


2
6  


 
15 


3 is equivalent to 
2


15
2
6 +or  


5 x 3 = 5 x 
2


15 +  


This generalizes as
2


)1( +nn . In the special case n = 5. In an inductive way we notice 


that the sum for the first row: 
2


1)12x(12...12321 +
=+++ .  


The sum for the second row becomes: ( )


⎟
⎠
⎞


⎜
⎝
⎛ +


=


++++


2
1)12x(122


12... 3 2 12x  


The sum for the third row becomes: ( )


⎟
⎠
⎞


⎜
⎝
⎛ +


=


++++


2
1)12x(123


12... 3 2 13x  
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The sum for the twelfth row becomes: ( )


⎟
⎠
⎞


⎜
⎝
⎛ +


=


++++


2
1)12x(1212


12... 3 2 112x  


The sum of all twelve rows becomes: 
 


( )


2


2
1)12x(12


2
1)12x(12


2
1)12x(12


12...321
2


1)12x(12
2


1)12x(1212...
2


1)12x(123
2


1)12x(122
2


1)12x(12


⎟
⎠
⎞


⎜
⎝
⎛ +


=


⎟
⎠
⎞


⎜
⎝
⎛ +
⎟
⎠
⎞


⎜
⎝
⎛ +


=


++++⎟
⎠
⎞


⎜
⎝
⎛ +


=


⎟
⎠
⎞


⎜
⎝
⎛ +


+⎟
⎠
⎞


⎜
⎝
⎛ +


+⎟
⎠
⎞


⎜
⎝
⎛ +


+⎟
⎠
⎞


⎜
⎝
⎛ +


 


 
Through induction we conclude that in an n x n tabular multiplication table as in 


Figure1, the sum of the numbers is
2


2
)1(
⎟
⎠
⎞


⎜
⎝
⎛ +nn .  The latter is a particular instance of 


reification where we end up with a mathematical object that captures particular 
arithmetical processes. In this way we have established a connection between 
arithmetic and algebra that stems from the multiplication table in Figure1. In 


summary, it is difficult to claim that the object 
2


2
)1(
⎟
⎠
⎞


⎜
⎝
⎛ +nn is dangling in the air, 


disconnected from arithmetical processes as we have seen so far. 
 
Next, we turn to the sequence of square numbers and investigate a way to find the 
sum of square numbers as shaded in the diagonal: 
 


1 2 3 4 5 6 . 
2 4 6 8 10 12 . 
3 6 9 12 15 18 . 
4 8 12 16 20 24 . 
5 10 15 20 25 30 . 
6 12 18 24 30 36 . 
. . . . . . . 


Figure 5 
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This is in line with the prospective teacher’s concern with why we were doing 
‘addition’ when were focusing on the ‘multiplication tables.’ The square numbers 
can be expressed by the object 2n . We thus pose the problem: How do we find the 
sum of sequence of square numbers: 2222 ...n,3 ,2 ,1 ? It turns out the triangular are 
helpful in terms of finding a functional relationship between the position of the 
square number and the sum of the square numbers.   
 


Position 1 2 3 . . n 
Triangular 
numbers 


1 3 6   
2


1)n(n +  


Multiply  1 
3
5  


6
14     


Multiply 
(equivalence) 3


3  
3
5  


3
7     


Multiply 
(equivalence) 3


12x1+  
3


12x2 +  
3


12x3+


 


  
3


12xn +  


Sum of 
diagonal 
sequence 


1 5 14   
3


12xnx
2


1)n(n ++


Generalizing  


Figure 6 
 
From the special case as shown by the arrow, we can establish a functional 
relationship between the sum of n square numbers starting with n =1 as 


6
1)1)(2nn(nor  


3
12xn


2
1)n(n ++++ x  


Further reification of arithmetical processes is possible if we ask how we can 
algebraify the sequence shown in the shaded diagonals symmetrical with respect to 
the square numbers in Figure 7 
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1 2 3 4 5 6 . 
2 4 6 8 10 12 . 
3 6 9 12 15 18 . 
4 8 12 16 20 24 . 
5 10 15 20 25 30 . 
6 12 18 24 30 36 . 
. . . . . . . 


Figure 7 
 


Position 1 2 3 4 n 
multiply 1x2 2x3 3x4 4x5  
Multiply 
(equivalenc
e) 


1x(1+1
) 


2x(2+
1) 


3x(3+
1) 


4x(4+
1) 


1)nx(n+  


Diagonal 
sequence  


2 6 12 20 1)n(n +  
Generalizi
ng 


Figure 8 
 
The table in Figure 8 involves recognizing, describing and representing patterns 
and relationships where eventually algebraic language and skills emerge.  
Is there a way we can find an object for the sum the multiplication sequence 2, 6, 
12, as shown in the diagonal in Figure 8? What we are doing here is ‘addition’ in 
the ‘multiplication tables’, which the author’s students found as puzzling as the 
previous investigation.  
 


Diagonal 
sequence  


2 6 12 20 . . . 1)n(n +  


Sum of 
diagonal 
sequence 


2 8 20 40 
 


    
? 


Figure 9 
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What is the functional relationship between the indicated columns and how do we 
eventually generalize this relationship? From the previous exploration we noticed 
that the sequence of numbers in the shaded diagonal 2, 6, 12…, which can be 
expressed as ).1( +nn After several attempts, we discover that the relationship is 
between the position of the sequence and its sum, multiplied by a triangular 
number, as is the case with the square numbers that we saw earlier: 
 


Position 1 2 3 4 n  
Diagonal 
sequence  


2 6 12 20 1)n(n +  


Multiply 1 
6
8  


12
20  


20
40  ? 


Multiply 
(equivalenc
e) 


6
6  


6
8  


6
10  


6
12  ? 


Multiply 
(equivalenc
e) 


6
42x1+  


6
42x2 +


 
6


42x3+
6


42x4 +


 
6


4)(2n +  


Sum of 
diagonal 
sequence 


2 8 20 40 
 6


4)1)(2nn(n ++  


Generalizing 


Figure 10 
 
The arithmetical processes are reified as the mathematical object 


6
4)1)(2nn(nor


6
4)(2n1)xn(n +++


+ . Through similar processes of recognizing patterns 


and generalizing, the arithmetical processes can become mathematical objects for 
the next diagonal sequence and thus algebra. Below is a table of the different 
diagonal sequences, and related objects that describes their generalizations. 
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Diagonal 
sequence: 
Arithmetic 


Mathematical 
objects: Algebra


‘Addition’ of 
Diagonal sequence 


1, 4, 9, … 2n  
6


)12)(1( ++ nnn  


2, 6, 12, … )1( +nn  
6


)42)(1( ++ nnn  


3, 8, 15, … )2( +nn  
6


)72)(1( ++ nnn  


4, 10, 18, … )3( +nn  
6


)102)(1( ++ nnn  


4, 10, 18, … )4( +nn  
6


)132)(1( ++ nnn  


… … … 
Figure 11 


 
What we have in Figure11 are illustrations of how different numbers can be 
thought about and represented in various ways, according to Learning Outcome 1 
and the emergence of algebra as ‘generalized arithmetic,’ according to Learning 
Outcome 2. (DoE, 2003: 7-9). We notice emerging mathematics that bridges 
‘obvious’ arithmetic - multiplication tables - and algebra. The reality is that, during 
most of his teaching, the author’s students found the experiences of ‘mathematical 
skills’ such as generalizing, specializing, representing, pattern recognizing and 
extending, and problem posing ‘hard to follow’, despite being told that we want to 
investigate ways of introducing algebra,. One speculation is that their own 
schooling was never focused on such ‘mathematical skills.’ Figure 11 is a 
summary of the compression or reification where we end up with mathematical 
objects in the column on the right hand side for each of the rows. On the other 
hand, it shows decompression of mathematical objects into arithmetical processes 
in the column on the left hand side in each of the rows. 
 
Implications for mathematics teacher education practice 
 
The ‘unpacking’ and ‘compressing’ of the rows, columns and diagonals in Figure1 
have implications for mathematics teacher education practice with its current focus 
on ‘mathematics for teaching.’ In turn these are connected to the ‘mathematical 
skills’ mentioned in the policy documents. As Adler (2005) notes ‘unpacking’ and 
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‘compressing’ are distinctive descriptions of the mathematical work that teachers 
do as they do their work, i.e. as they teach. How and where teachers should be 
afforded opportunities to learn ‘mathematical skills’ that are centred on 
‘multiplication tables’, which are after all, the mathematics in the foundation 
phase? 


The power of tables 
First, teachers should be provided with opportunities to comprehend the central 
message on the power of tables, starting with a historiography of tables per se. 
Robson’s research informs us that during Babylonian times the tabular 
arrangements of the multiplication of numbers for the purposes of accounting and 
other metrological activities was a significant development. Additions and 
subtractions were carried out mentally or by other means and were never found on 
tablets. Surveyors needed multiplication, division and standardised constants for a 
number of tasks. This means that ‘knowing your tables’ has to be viewed from a 
historical perspective because of the rich uses and opportunities that tables present 
us.  
 
The ahistorical notion of ‘tables’ is common to traditional knowledge assumptions 
in the mathematics curriculum and related instruction (Lampert, 1986a; 1986b). It 
is the expression of complex information in a two-dimensional form, as in Figure1 
that will forever elude us if we insist on narrow ways of thinking about ‘tables.’ 
Such views of ‘tables’ will never get us to envisage how arithmetical processes 
such as multiplication can be reified or compressed into mathematical objects 
commonly associated with algebra. Here are instances of packing or compressing 
where arithmetic becomes algebra.  
In short, the complexity of the mathematics in Figure1 is astonishing depending on 
the problems we pose regarding its rows and columns. It is the cognitive gains of 
the tabular format in Figure1 that is striking. It all depends on the kinds of 
problems we pose in order to seek possible alignment with policy statements on 
‘mathematical skills’ and Learning Outcome 2 and/or Learning Outcome 1.  
 
Separately listed multiplication ‘tables’, albeit well-organized, do not enable us to 
notice significant mathematics, as we have seen. It is the extended and deepened 
experience with tabular multiplication tables beyond ‘knowing one’s tables’ that is 
going to forge continuities in the highly fragmented mathematics curriculum. Thus 
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a general observation is that tabulation needs to be reinstated into the 
multiplication tables in mathematics teacher education practice, which is one 
potential area where teachers can encounter tabulation. 
 
This means that teachers should be exposed to multiplication table charts that 
exemplify tabulation where they can be provided with opportunities to search for 
structure and pattern, and in turn, compression and decompression. The 
mathematics that emerges within and across the rows and columns has a great deal 
to do with the practice of table making, which Robson and her colleagues have 
written so eloquently about. We pay a dear price if we ignore the technological and 
conceptual advances afforded by tabulation. Almost every time the author has 
shown prospective and in-service teachers Figure1, and pointed out that there is an 
astonishing amount of mathematics in it, he has received puzzled looks.  


Unpacking student work 
Second, teachers should have opportunities to unpack student work on 
multiplication tables such as that of the third grade student discussed earlier. The 
third grade students represented the multiplication tables in ways that departed 
from the well-known ‘repeated addition’ model by focusing on rectangular area 
representations, which is intimately connected to the two-dimensional format in 
Figure1. In their shading, they decompressed or represented multiplicative 
relationships in Figure1 as rectangular areas. In doing so, they had to coordinate 
the shading of rows and columns in line with the two-dimensional tabular format 
common to tables per se.  
The work conceptually connects multiplicative thinking and rectangular area. The 
third grade work, however, shows an intriguing mix of additive and multiplicative 
thinking despite the author’s ‘clear’ instructions. The ‘correct’ rectangular area 
shading has deliberately not been shown. Even if it were, it is the finer details of 
their emergent multiplicative thinking that would be of interest and that teachers 
need to become familiar with as Steffe and Izsák alert us to.  
 
We are reminded by Steffe (1988: 136) that children ‘must not be forced to do 
things that they cannot do, such as learning their multiplication facts and 
algorithms for computation.’ For children ‘multiplication’ is a compression of 
mathematics and also about composites, which they need to learn to represent in 
various ways, as suggested in Learning Outcome 1.  
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How and where would teachers have opportunities for learning to unpack such 
student work and the representations arising from multiplication tables? What 
would come in the way of teachers making sense of the rectangular areas or 
‘blocks’ that the third grade students shaded? The author frequently hears teachers 
say something to the effect, ‘but the children don’t know their tables.’ The amount 
of curricular time spent on rote memorizing ‘the multiplication tables’ through 
having children fill in random lists of ‘multiplication facts’ with its restricted focus 
on compressed, arithmetical representations underscores this point. These 
‘multiplication facts’ do not provide any fresh combination with the rest of the 
mathematics curriculum. 


The gains of compressing 
Third, there are irrefutable gains in reification or ‘compressing’, where the 
arithmetical processes at one level become mathematical objects at another level, 
leading to Figure1 as ‘generalized arithmetic’, as advocated in the policy 
statements. These can be used to open teachers’ eyes and ears to algebra, as 
Blanton and Kaput (2003) advocate. These are specific instances of ‘knowing 
mathematics for teaching.’ The author’s prospective teachers have frequently been 
at a loss when they were asked to investigate or simply find the ‘algebra’ in 
Figure1. In particular, they experienced difficulty in following how equivalent 
numerical expressions lead to generalization. These expressions play an important 
role in perceiving arithmetic as becoming algebra.  
 
‘Single’ multiplication ‘lists’ or ‘facts’ arranged like newspaper columns will 
enable teachers and students to notice the compression and decompression of 
arithmetical processes, such as we see thus far emerging from Figure1, in a limited 
way. Sfard and Linchevski (1994) remind us that bridging the ‘gap’ between 
arithmetic and algebra is a difficult one. It is the tabulation imbedded in Figure1, 
accompanied by the use of ‘mathematical skills’ that can make the transition from 
arithmetic to algebra more gradual.  
Compressing and decompressing the numbers in Figure1 depend on ‘problem 
posing’ one of the ‘mathematical skills’ in the policy documents. Teachers and 
children encounter isolated ‘multiplication tables’ very early in their schooling, 
implying that making connections to other branches of mathematics becomes 
difficult. The one prospective teacher’s reaction, ‘if these are the multiplication 
tables, why are we doing addition,’ comes to mind. This student was baffled by the 
idea of wanting to ‘add up’ the numbers in Figure1.  
 
In summary, how and where will teachers be afforded with opportunities to pose 
problems on the numbers in Figure1 in various ways, as written in the policy 
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document in Learning Outcome 1 which can lead to Learning Outcome 2? 
Teachers and people in general need to know the reductive status of the 
‘multiplication tables’ in the mathematics curriculum and hence our inability to 
foster epistemic openness and interpretive possibilities with respect to number. 
This status makes us unable to notice mathematics beyond multiplication in 
Figure1. One of the children’s first rote memorization experiences in school is 
when they have to ‘know’ their ‘multiplication tables’ in sequence, as was a 
common practice in Babylonia according to Robson’s research. If we wish to 
understand multiplication we must first understand multiplicative thinking as an 
instance of epistemic openness and how ‘surprisingly slowly’ it develops in 
children (Clark and Kamii, 1996). The author’s prospective teachers, like himself, 
have been drilled in a rote memorization of multiplication ‘lists’, probably in 
similar ways to Mesopotamian scholastic mathematics but definitely not in the 
same volume. Robson (2003: 42) notes that at that time there was a preference for 
arithmetical and metrological equivalences as ‘lists.’ Most children in school are 
surrounded by wall charts in the form of lists of ‘multiplication facts.’ She cautions 
us that we pay a heavy price as a result of our collective blindness to the power of 
tabular formatting such as we find in Figure1. It is this formatting that the author 
wanted his third grade students and currently, his prospective teachers to notice. 
Observing the structure in Figure1 and the problems we pose with respect to the 
structure, is what we need to accomplish. Modal multiplication tables practice in 
schools is not going to get us there. 
Conclusion 
 
There is no doubt that the mathematics that comes about in this paper is dependent 
on the instructional practices associated with the two-dimensional format of the 
multiplication table in Figure1. Any severance between the mathematics and 
instructional practices will not enable us to perceive the depth and richness of the 
problems we posed and investigated, starting from the case of the third grade 
students to the emergence of algebra at higher grade levels.  
 
It must be noted that this paper is doubtless flawed and may even be misguided 
when it questions standardised tests and instructional practices that emphasize rote 
recall of ‘multiplication facts’ and exercises where children’s ability to perform 
multi-digit computation problems by relying on a rote memorization of the so-
called multiplication tables. However, such instructional practices rarely arrive at 
the underlying structure in the tabular multiplication table we started out with. 
Also, they are not aligned with noble policy statements on the powerful 
‘mathematical skills’ illustrated in this paper that are crucial to ‘knowing 
mathematics for teaching.’ 
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It is hoped that something worthwhile can be learned from the close probing of the 
history of tables and in turn, a truly tabular multiplication table such as Figure1. 
‘Knowing multiplication tables’ for the purpose of computations has an important 
but limiting role. It is, however, the table making and tabulation processes that we 
inherited from the Babylonians and later civilisations that allow us to revisit a 
simple multiplication table such as Figure1 to search for the algebra in it and see 
other mathematics such as those of the third grade student.  
 
The narrow floodlight of ‘knowing one’s tables’ is mostly confined to 
computation. Echoing Robson, today we can bring into the open sunlight our 
understanding of multiplication tables to a point where we can uncover structure, 
abstraction, and algebra through compression and decompression, whether it is in 
the elementary (primary) or high school. We are in need of these and other implied 
fresh combinations.   
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THE TRAINING OF MATHEMATICS TEACHERS IN THE 
NEW CURRICULUM: SOME PERSPECTIVES 


 
VG Govender 


Nelson Mandela Metropolitan University 
 
 
Training for the new NCS was directed by the National Department of 
Education. Provincial Departments of Education sent their curriculum 
personnel for training at national venues. In Mathematics the training took 
place in Durban in 2005 and Pretoria in 2006 and 2007. The initial part of this 
training focussed mostly on generic issues related to mathematics, although 
there was some focus on new content. In the last session held in August 2007, 
mostly content issues were discussed. 
 
The writer of this paper was involved in all three sessions of the training, 
having been a national participant in 2005 and 2007 and a national facilitator 
in 2006. The writer was also an Eastern Cape Provincial facilitator in 2005 and 
2006. However, in 2007 there was no provincial training in the Eastern Cape. 
This meant that the Eastern Cape National participants of 2007 had to conduct 
training in their districts. 
 
This paper focuses on the writers’ experiences of the training and also 
highlights a lecture-type approach to training (in which the writer was 
involved) which was used with Mathematics teachers in Port Elizabeth 
 
1. Introduction 
 
One of the most important reforms in education by the new democratic 
government in South Africa has been in curriculum change. In 1995, the grade 
10-12 syllabi of the various ex-departments were consolidated into the interim 
core-syllabi. Provinces were free to “provincialise” the various syllabi. They 
could add to the interim-core syllabus but not remove anything. This worked 
very well in Mathematics in the Eastern Cape where guidelines, remarks and 
explanations were given for the various topics. This continued until 2001, when 
Mathematics became a national subject. New guideline documents were used by 
the National Department of education. These documents replaced other 
documents before being phased out with the implementation of the National 
Curriculum Statement. 
 
The introduction of Curriculum 2005 in 1998 at our primary schools saw major 
changes in the approaches to teaching and learning. Outcomes-based-education 
became the new “buzz-word” in education. Teachers were introduced to new 


96 
 







terminology such as critical and developmental outcomes, programme 
organiser, phase organiser, performance indicator, and so on. “Group-work” and 
“working in pairs” became fashionable in our classrooms. The provinces 
conducted the training of teachers. 
Taylor and Vinjevold (1999) used the results of the President’s Education 
Initiative studies to conclude that, while there may have been support for 
Curriculum 2005 amongst teachers, few teachers were able to translate the very 
complex logic of Curriculum 2005 and its vaguely stated outcomes into 
appropriate learning programmes, and to effectively mobilise student-centred 
learning. 
 
Bennie and Newstead (1999) illustrated the range of practical demands placed 
on teachers and the challenges to their basic beliefs when they attempted to 
translate the very complex logic of Curriculum 2005 into suitable learning 
programmes for mathematics.  This became evident when Curriculum 2005 
reached the high school and the teaching of Mathematics in grade 8 and grade 9 
was adversely affected. 
 
It is the researcher’s experience that as a result of the lack of proper support, 
direction and monitoring, many teachers tended to focus on the OBE 
(outcomes-based education) terminology without teaching an adequate quantity 
of mathematical content in these grades. When these learners reached grade 10 
in 2003 they went back to the “old curriculum” and were ill-prepared for grade 
10 mathematics. This resulted in grade 10 Mathematics teachers teaching key 
mathematical content from grade 9 to their classes, before commencing with 
grade 10 mathematics. 
 
It was hoped that the delay in implementing the new curriculum in grades 10 -
12 would give the National Department much needed time to ensure a smooth 
and focused implementation. Although the eventual implementation went 
according to plan, there were many “challenging” moments. 
 
2. The implementation of the NCS in grades 10-12 
 
Once the decision had finally been taken to implement the new curriculum in 
grades 10-12, it was clear that teachers needed to be trained. The first part of 
this training occurred in 2005. The training was divided into two sections, a 
generic section (DoE 2005a) and a subject specific section (DoE 2005b)  
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2.1 (a) Generics 
 
In the Eastern Cape, a provincial curriculum team was responsible for putting a 
provincial document for the generics part of the training. National documents 
formed the basis of this provincial document. Once the document was 
completed, more advisors and key teachers were trained in the generic aspects. 
The advisors and key teachers would later go on to conduct generic training in 
the districts.  
 
In the PE District, the trained advisors were placed in teams. They conducted 
intensive training with the teachers. Schools were divided into 4 groups. Each 
school had to nominate up to 12 teachers to attend the generic training. The 
teachers were spread across 5 venues. Some schools complained about the 
scheduling of the training. While, the majority of the schools ensured that their 
teachers were trained, attendance from the more affluent schools was poor. 
These schools cited parental pressure and school obligations for not sending the 
required number of teachers for the training. The last day of training for the 
third group of schools and the entire 4th group was boycotted by teachers of a 
particular union, due to non-cooperation with the DoE. Thus, this generic 
training, although successful by all accounts, was missed by a number of 
teachers.  
 
2.1 (b) Mathematics 
 
Using the national materials from the national workshop in March 2005, this 
writer put together a document for use in the Eastern Cape (DoE 2005c). Due to 
the shortage of advisors and the lack of a Mathematics Provincial coordinator at 
that time in the Eastern Cape, this writer was also responsible for training the 
advisors and key teachers in the province in July 2005. At this time, there were 
a number of districts without advisors. These districts sent key teachers for the 
provincial training. Despite this, a few districts were not represented at this 
provincial training. Since the cascading model of training was used, it is 
possible that some teachers may have “missed’ this initial training.  
 
In the PE district the Mathematics training took place at the end of August 2005 
and was well attended. The Mathematics training focussed on both generic and 
subject specific issues. The teachers were enthusiastic and very cooperative. 
They worked in resident groups, expert groups and also as individuals.  
 
There were a number of teachers who did not attend the training due to “non-
cooperation”. The Head of Education in the province at the time instructed 
advisors to conduct training with teachers during the last week of the summer 
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holidays in January 2006. This training was also called off after 1 hour due to 
“non-cooperation”.  
 
This training did take place eventually in February 2006. By then, the school 
year had started. Twelve teachers attended this training. It is this writer’s view 
that “mop-up” training can never be the same as the original training due to a 
number of factors, such as venue, resources, and the small number of 
participants.  
 
2.3 The next round of training 
 
This writer was involved at a national level in the 2006 training. This writer and 
a colleague from the North-West province were responsible for developing the 
training manual for the National Department of Education (DoE 2006a). This 
training manual was compiled according to strict guidelines. To assist advisors 
and teachers, some mathematical content was inserted into a separate manual. 
The material was used to train 36 advisors nationally in February 2006.  
 
The material was modified slightly for use in the Eastern Cape (DoE 2006b). 
The writer and another colleague from the Eastern Cape trained 34 advisors and 
key teachers in a 5 day training workshop. The response from especially the 
teachers was enthusiastic and positive. 
 
For the first time, training of teachers of the Eastern Cape Province was 
conducted during the school holidays. The 34 advisors and key teachers were 
paired and conducted the training with Mathematics teachers at the Nelson 
Mandela Metropolitan University (NMMU) in July 2006.  Over 800 
Mathematics teachers from all over the province were trained. Responses from 
teachers differed. While the majority of teachers surveyed were positive, there 
were some teachers who felt it was “a waste of time”. 
 
Once again there were a large number of teachers who had missed the training. 
In the PE district, a mop up of training took place in February 2007. 40 teachers 
attended this training. Now if 40 teachers were “absent” from training in their 
own city, how many teachers from other parts of the province “missed” such 
training? 
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2.4 The last part of the training: Content 
 
The National Department arranged a 6 day training workshop for Mathematics 
and Mathematical Literacy advisors in Pretoria in August 2007. This workshop 
was well attended with 140 advisors from all 9 provinces attending. For the first 
time, the workshop focussed on real mathematics/mathematical literacy content. 
The presentations and discussions during this training workshop were of a very 
high standard and served to clear a number of issues and problem areas with 
respect to the interpretation of the new curriculum. Handouts were issued to the 
participants. Although this was released in a piecemeal manner, it gave advisors 
an opportunity to engage with the material and plan for their own provincial 
training. The material issued during the workshop required participants to work 
through a number of questions based on key topics of the curriculum. By 
working through the various questions, participants would have been provided 
very specific and crucial ideas about interpretation of the NCS Mathematics 
curriculum.  
 
This training covered the following key or crucial areas.  
 


• Getting to know the difference between Mathematics questions in Report 
550 (old curriculum) and in the NCS (new curriculum) 


• The depth of the content  
• Examining questions from selected topics which are in or out of the new 


curriculum 
• Working through new topics 
• Using technology in statistics 
• Working through a range of Mathematical Literacy content and context 


 
One of the problem areas in the implementation of the new Mathematics 
curriculum is how deep should one go into a specific topic. Although the 
Subject Statements and Subject Assessment Guidelines appear to be clear and 
unambiguous, there have been many cases where teachers were not sure about 
what to do. The textbooks available at the time did not provide much help as 
various different approaches to the various topics were noted. In fact some 
textbooks go into great detail and if teachers follow these books from cover to 
cover, there is no way in which they would be able to cover the year’s work. 
Thus, it was important for all Mathematics teachers to have this training. 
 
The onus was on the provinces to go back and adapt the material for 
presentation to teachers. In the Eastern Cape, this was left to the individual 
districts. In the PE district, there were separate training sessions for 
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Mathematics and mathematical literacy.  This writer prepared the material for 
both groups of teachers. This gave teachers clarity and direction on various 
grade 11 and 12 topics (DoE 2007) 
 
However, a number of teachers did not attend the Mathematics training as it 
coincided with training given by a union. It was rather surprising that teachers 
will pay for training by an outside organisation rather than come for “free” 
department training. While, not commenting on the merits of such training, 
teachers should note that curriculum engagement in the new South Africa is 
very interactive. At all levels of DoE training, there is discussion, interpretation 
and consolidation rather than prescription. A similar philosophy was used in 
Mathematics training in the PE district.  
 
At the time of writing this paper, it is not known if all the other districts in the 
Eastern Cape had conducted this crucial Mathematics training. 
 
3. Some comments on training  
 
The National Department and the Provincial Departments of education put all 
the necessary processes in place for training in the FET. However, not all 
teachers took advantage of this training and attended these sessions. In the 
Eastern Cape, some districts did not have Mathematics advisors during the 
training and key teachers were used. Even in the 2007 National training, a 
number of Eastern Cape districts were not part of this training. Teachers from 
some parts of the province complained to the writer about the lack of training in 
their districts. This included districts that had Mathematics advisors who 
received training. One needs to ask what these advisors did when they went 
back to their districts. Who were they waiting for? Clearly, this is indeed a sad 
state of affairs. 
 
It is important that new advisors are given training on the new curriculum and 
that districts that have been neglected in the Eastern Cape are also brought on 
board. Subject advisors that have been trained must impart this knowledge to 
other advisors and to teachers in their districts. 
 
Further, for those teachers that have been trained, there has to be constant 
monitoring and support to see that the implementation is done correctly. 
However, one of the key challenges in training conducted by the DoE is the 
emphasis on “co-operative” and “group-work” learning strategies. While these 
strategies encourage teachers to discuss and share ideas, some teachers tend not 
to participate fully in such discussions and this may impact negatively on their 
ability to understand and successfully implement the new curriculum. Some 
teachers may not understand the philosophy and practicalities of co-operative 
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learning and group-work and facilitators may need to spend considerable time 
in preparing teachers to learn this way (Killen 1998). However, the time 
available for training is usually restricted and these learning strategies may not 
be effectively used during training. 
 
Although the lecture method as a training technique may not be that effective, 
there appears to be at least three conditions under which its use is clearly 
justified. First, it may be the best way to disseminate new ideas that are not yet 
available in print. Second, most people enjoy listening to a prominent individual 
present his or her ideas to the audience. Third, a good lecturer can instil interest 
in a topic because of his or enthusiasm and manner of presentation. Thus, a 
good lecturer can sometimes motivate students to learn in a way that printed 
material cannot (Hergenhaun & Olson 1993). 
 
The lecture method was used, in an interactive manner, in a training session 
with teachers in Port Elizabeth in September 2007. The Port Elizabeth branch of 
AMESA embarked on a three day lecture programme for FET teachers. 
Teachers from selected schools were invited to this training programme. 
 
4.  Content lectures (under the banner of AMESA)  
 
The AMESA training programme focussed on the new topics and old topics that 
were in the HG syllabus. The invited schools had offered Mathematics, mainly 
on SG for a number of years. There were 27 such schools in Port Elizabeth in 
2007. Many of these teachers had never taught HG Mathematics or last taught it 
years ago. Besides the new topics in the new curriculum, these teachers also 
needed training in the old HG topics which were now part of the NCS, and 
compulsory. 
 
The lectures were on the following Grade 11/12 topics: 
 


• Patterns and sequences (mostly new) 
• Rigid transformations (new) 
• Data Handling (new) 
• Compound angle identities (old HG) 
• Statistics and probability (new) 
• Annuities and finance (new) 
• Calculus (2nd derivative is new) 
• Linear Programme (old HG) 
• Functions and graphs (some new content: AMESA(PE) 2007) 
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The teachers who participated were teaching Grades 10-12 mathematics. The 
lectures were intensive and teachers’ competencies in these topics were 
assessed. This assessment consisted of 6 assignments and 3 tests. Teachers were 
given reports and certificate at the end of the lectures. 
 
5.  The assessment scores of the teachers  
 
The facilitators marked the tests and assignments and the schedule of marks 
appears in section 5.1 on the next page. 
 
5.1 Mark schedule  
 AMESA CONTENT LECTURES        
  A1 A2 A3 A4 A5 A6 T1 T2 T3 Total Percentage 
 Max 30 25 25 25 25 25 15 15 15 200 100 
1  30 17 25 25 10 22 13 7 12 161 81 
2  30 22 25 25 25 22 15 15 13 192 96 
3  15 23 20 25 21 19 14 10 13 160 80 
4  15 21 24 25 10 22 15 4 11 147 74 
5  28 23 25 25 8 20 15 14 8 166 83 
7  30 25 25 25 10 13 15 11 9 163 82 
8  30 25 25 25 9 17 13 11 10 165 83 
9  30 25 25 25 25 23 15 10 14 192 96 
10  28 19 25 25 9 13 15 12 8 154 77 
11  28 25 25 24 9 10 13 10 14 158 79 
12  30 25 25 21 10 19 9 10 9 158 79 
13  30 25 25 25 9 15 14 15 15 173 87 
14  30 14 25 25 10 21 9 7 11 152 76 
15  17 19 25 25 10 12 13 7 9 137 69 
16  30 21 25 25 25 18 13 15 7 179 90 
17  29 23 25 23 9 25 11 5 12 162 81 
18  25 24 25 25 10 19 14 5 12 159 80 
19  30 25 25 23 10 22 15 3 8 161 80 
20  30 23 25 25 23 23 15 11 15 190 95 
21  30 8 22 22 10 18 5 9 6 130 65 
22  18 23 25 21 15 12 12 9 13 148 74 
23  30 25 25 25 10 19 8 10 9 161 81 
24  30 25 25 25 10 15 15 11 11 167 84 
25  30 20 25 25 9 17 13 11 10 160 80 
26  30 25 25 25 10 19 14 15 13 176 88 
27  11 23 23 19 2 8 7 4 12 109 55 
28  29 25 25 25 10 16 13 15 13 171 86 
29  30 25 25 25 10 20 15 15 14 179 90 
30  30 23 25 25 12 22 14 10 15 176 88 
32  30 20 21 21 10 21 10 10 14 157 79 
33  13 22 23 23 12 8 12 7 5 125 63 
34  30 23 25 25 9 12 13 13 15 165 83 
35  30 20 25 24 23 22 14 9 15 182 91 
36  30 23 25 23 10 15 15 11 14 166 83 
38  30 25 21 25 10 13 15 11 8 158 79 
39  30 23 25 25 10 13 13 12 14 165 83 
40  30 25 25 25 25 22 14 15 15 196 98 
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41  30 25 25 25 10 20 14 15 13 177 79 
42  18 22 25 25 10 11 3 11 10 135 68 
      
 ASSESSMENT TASKS     


A1 Patterns & Sequences  


Note: Three were 
incomplete 6; 31; 37; poor 
results - shaded   


A2 Rigid Transformations         
A3 Data Handling         
A4 Compound Angle Identities         
A5 Statistics & Probability         
A6 Annuities & Finance         
T1 Calculus         
T2 Linear Programming         
T3 Functions & Graphs          


 
At first some teachers were reluctant to do the assessment tasks but after 
realising the importance of these lectures, they completed these tasks 
enthusiastically and on time.  
 
5.2 Some observations from the mark schedule  
 
Overall, the teachers did very well in these assessments. However, it may be 
useful to examine their performances in selected topics. 


• The teachers did very well in patterns and sequences, rigid 
transformations, data handling and compound angle identities 


• They performed poorly in the Statistics and Probability, most of which is 
in the optional Assessment Standards at present  


• Although most of them did well in Annuities and Finance, some clearly 
needed help with this section 


• Calculus was handled well by most of them 
• In spite of Linear Programming being part of the South African 


Curriculum for more than 20 years, 12 teachers clearly had problems with 
this section of the work while 11 teachers had problems with functions 
and graphs 
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5.3 What can we learn from this lecture programme? 
 


• Teachers will sacrifice their holidays to attend short courses if they 
believe the courses would be useful.  


• It would seem that the majority of these teachers were quite competent in 
these key sections of the curriculum. This would auger well in their 
teaching of new and old topics in the NCS. 


• The reports given to teachers will give them a clear indication of where 
they need to improve and what workshops/courses they require in order 
to improve their competence in certain topics. 


• A series of tasks to assess teachers’ competence in being able to teach 
various Mathematics topics may be far more useful than having a number 
of workshops or courses where assessment is not carried out. This kind of 
activity also proved useful n the marking of the 2007 Final Examination 
papers in the Eastern Cape. Markers were required to work out the memo 
for the papers they were due to mark before the marking session 
commenced. It is hoped that the authorities took note of the positives that 
emerged from this teacher development activity. 


• The DOE, HEIs, NGOs and other organisations involved in the training 
can provide more focussed and specific training once all teachers and 
advisors have been trained in the implementation of the NCS 
Mathematics curriculum. This focused training could take the form of 
short courses where the teachers are assessed using varied assessment 
forms. 


 
6. Conclusion 
 


Training for the new NCS has been ongoing since 2005. The National 
Department of Education together with the provincial departments of 
education ensure that advisors and key teachers were trained in the new 
curriculum. In some provinces this training was done by Higher Education 
Institutions. However, it would appear that some teachers were not trained 
for many reasons. This could be due to lack of organised training in their 
districts, teachers being appointed after the completion of training or apathy 
on the part of teachers. This can impact negatively in a subject like 
Mathematics, where there has been a significant overhaul of the curriculum. 
 
Another important part of the implementation of the new curriculum is 
monitoring the progress of teachers and subject advisors. With some form of 
Mathematics now being compulsory right up to grade 12, the following 
questions need to be answered: 
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• Have Mathematics teachers and advisors come to grips with the new 
curriculum and its principles? 


• To what extent have Mathematics teachers “changed” their way of 
teaching to reflect gender-sensitivity and empathy for learners? 


• To what extent are the critical and developmental outcomes 
influencing the way Mathematics is being taught? 


• Are Mathematics teachers and advisors familiar with the planning 
processes, teaching and assessment procedures? 


• Is there transformation in our classrooms? 
• Are our learners able to process knowledge and become critical 


thinkers   
• Will our learners who complete grade 12 in 2008 and beyond with the 


NSC be substantially different from learners who did the old 
curriculum? What role will Mathematics play?   


 


The AMESA (PE) lectures showed that teacher competence is fundamental to 
making a change in our schools. Mathematics teachers should be in a position to 
know what their strengths and weaknesses are and seek appropriate support. 
The DoE, Institutes of Higher Learning, AMESA and other organisations have a 
major role to play in this regard. If Mathematics teachers are supported, 
monitored and assessed regularly on their ability to teach the new curriculum, 
there is no doubt that our children’s lives will be transformed. 
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Based on many years’ of research findings and recommendations into 
learners’ difficulties with algebra, current primary school curricula in a 
number of countries, including South Africa, prescribe the development of 
learners’ algebraic thinking in order to prepare them for the formal study of 
algebra in high school. This paper takes a closer look at some of the 
research-based reasons behind this, how the NCS for Mathematics (GET) 
deals with this, and provides guidelines for teachers to implement this. 
 


INTRODUCTION 
For many years now, mathematics educators have been concerned about the 
quality of learners’ knowledge and understanding of elementary algebra. By 
roughly the year 2000, numerous research projects had been undertaken 
internationally, and a wealth of knowledge regarding learners’ understanding 
and the way in which they learn has been accumulated. Based on these 
insights, researchers have made a number of recommendations to improve 
the practice of elementary algebra teaching. These not only include 
suggested approaches in the early high school years, but also essential 
groundwork to be done in the primary school years. Curricula implemented 
in a number of countries since 2000, notably the USA and South Africa, 
reflect this need for the development of algebraic thinking in the lower 
grades, before learners formally encounter algebra in the high school. 
 
WHAT IS ELEMENTARY ALGEBRA? 
If one randomly poses the question “what is algebra?” to high school 
learners, the following responses are certain to emerge: algebra is “working 
with symbols”, “finding the unknown”, “simplifying”, “solving for x”. This 
extremely limited perception of algebra is hardly surprising, since “the 
traditional image of algebra, based on more than a century of school algebra, 
is one of simplifying algebraic expressions, solving equations, learning the 
rules for manipulating symbols” (Kaput, 1999: 133). Asked how they feel 
about algebra, learners may often provide answers such as “I don’t like it, 
because I don’t see why we study it”, “Where are we ever going to use it?”, 
“It is boring”, “It is so abstract!” and “I am scared of it”. 
 







Vermeulen (2007) analysed a number of international views, including that 
of the USA’s National Council of Teachers of Mathematics (NCTM) and the 
South African National Curriculum Statement (NCS) for Mathematics, to 
formulate the following inclusive definition of algebra: 
Algebra is 


• a mathematical language that enables us to express generalisations, to 
investigate and describe patterns, relationships and procedures, and to 
derive new relationships and procedures by appropriate manipulation; 


• generalised arithmetic; 


• a study of relationships between variables; and 


• a tool used to solve problems inside and outside mathematics, often 
through modelling. 


 
Elementary algebra is that subset of algebra traditionally addressed in grades 
7, 8 and 9, entailing the conceptualisation, formalisation, manipulation and 
application of the notions variable, algebraic expression, equation and 
relationships between variables, that is, the function concept. 
 


IS ALGEBRA IMPORTANT? 
According to the National Curriculum Statement for Mathematics “Algebra 
is the language for investigating and communicating most of Mathematics.” 
(Department of Education, 2002: 9). Accepting this statement, it is difficult 
to imagine that a person will be able to study advanced mathematics without 
possessing fluent algebraic skills that are based upon a properly developed 
view of what algebra is, as well as a solid conceptual understanding of 
algebra, why the “rules” in algebra are the way they are, and how algebra is 
utilized as a fundamental problem solving and modeling tool inside and 
outside mathematics. 
 
PROBLEMS EXPERIENCED IN ELEMENTARY ALGEBRA 
Most mathematics teachers are familiar with the following typical errors 
made by grade 8 and 9 (and even higher) learners: 
• Conjoining or closure: 3+x = 3x or x + y = xy 
• Overgeneralisation of the distributive property: yxyx +=+ ; 


22  or sin(x + y) = sin x + sin y 2)( yxyx +=+


• Incomplete application of the distributive property: 2(x + y) = 2x + y or 
62


2
64


+=
+ xx  
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• “Simplifications” such as 3x – x = 3 
Most mathematics teachers have also observed the tendency by their learners 
to change an algebraic expression into an equation, as illustrated by an 
excerpt from an interview with a first year mathematics education student 
(Vermeulen, 2000). [I = interviewer and S = student.] 


I: If I write there 3x+5, what does it mean to you? 
S: … you need to find x … you need to say 3x + 5 is equal to zero. 
I: Hmmm… 
S: Then you take the 5 to the other side and … 
 


In addition to the above, Vermeulen (2007) presents from literature a 
description of problems experienced by learners in elementary algebra, and 
their possible causes and solutions. These problems mostly are symptomatic 
of learners’ lack of understanding of the meaning of the basic concepts in 
elementary algebra, namely, variables, algebraic expressions and equations, 
the purpose and underlying principles of simplification or manipulation of 
algebraic expressions, including equivalence, as well the notion of algebra as 
a language.  
 
CAUSES AND SOLUTIONS 
Numerous causes for children’s lack of understanding of concepts in 
elementary algebra have been suggested by researchers and educators, in 
particular regarding similarities and differences between arithmetic and 
algebra, as illustrated below. 
 
The focus of algebraic activity and the nature of answers 
In arithmetic, the focus of activity traditionally is on finding particular 
numerical answers. In algebra, however, the aim of manipulation is not so 
much the finding of an “answer” in simplified form, as the replacement of 
one algebraic expression by another more useful, yet still equivalent, 
expression. Operating (still) in an arithmetic conceptual framework may be 
the cause of conjoining as in x + y = xy where children have a cognitive 
difficulty in accepting lack of closure. 
 
Notation and convention in algebra 
Concatenation, that is, the juxtaposition of two symbols, is another source of 
error. In arithmetic, concatenation such as 32 implicitly denotes addition (by 
convention, 32 means 30 + 2), while in algebra concatenation such as xy by 
convention denotes multiplication. 
 
Equivalence 
Part of the problem in children’s attempts to simplify expressions such as 2a 
+ 5b concerns their interpretation of the operation symbol. In arithmetic, 







symbols such as + and = are typically interpreted in terms of actions to be 
performed, so that for children = means to write down the answer. In algebra, 
however, the = sign is not the signifier of the ‘answer’ in the same sense as 
in arithmetic, but rather serves as an equivalence indicator. For example, the 
= sign in (x – 1)(x - 2) =  simply indicates that these two 
expressions are equivalent. The same applies to  = (x – 1)(x - 2). 


232 +− xx
232 +− xx


Letters and variables 
Although the most obvious difference between arithmetic and algebra is the 
use of letters in algebra, letters also appear in arithmetic, but in quite a 
different way, and with a completely different purpose. The letters ‘m’ and 
‘c’ for instance, may be used in arithmetic to represent ‘metres’ and ‘cents’, 
rather than representing the number of metres or the number of cents, as in 
algebra.  
 
One of the most important aspects of algebra is the notion of ‘variable’. Even 
when children do interpret letters as representing numbers, there is a strong 
tendency for the letter to be regarded as standing for specific or unique 
numbers, as described by Küchemann (1981). This may well be a construct 
formed in children’s arithmetic conceptual framework, since in arithmetic, 
symbols representing quantities always do signify unique values. For 
example, the symbol ‘3’ represents only and exactly three. A related, but 
inverse, problem arising from this perception is that children often assume 
that different letters must represent different numerical values. For example, 
although they may accept that x and y in x + y can assume any value, they 
find it hard to accept that x and y can assume the same value. 
 
Learners’ understanding of arithmetic 
Most of the difficulties so far have been discussed from the perspective of 
the differences between arithmetic and algebra. However, algebra is not 
separate from arithmetic; indeed, in many respects algebra is generalised 
arithmetic. But to appreciate the generalisation of arithmetical relationships 
and procedures children must first be(come) explicitly aware of those 
relationships and procedures in the arithmetical context. In this case, the 
difficulties that children experience in elementary algebra are not so much 
difficulties in algebra itself as problems in arithmetic that remain unresolved.  
 
Kieran (1989) states that much of school arithmetic is orientated towards 
“finding the answer”. This emphasis allows children to get by with informal, 
intuitive procedures. “However, in algebra, they are required to recognise 
and use the structure that they have been able to avoid in arithmetic”. 


 
From the above the conclusion can be drawn that structure should be one of 
the unifying concepts among arithmetic and algebra. This implies that 
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primary school learners should be given opportunities to become explicitly 
aware of: 
• the structure of numerical calculations, based on the properties of 


operation, as well as  
• the notion of equivalence 
Furthermore, this explicit awareness should be gradually generalised (in 
words and in symbolic language) to facilitate a natural transition to the use of 
letter symbols and the manipulation of symbolic (algebraic) expressions. 
 
REQUIREMENTS OF A CURRICULUM FOR 
ELEMENTARY ALGEBRA  
Reflecting upon the research-based findings and recommendations in the 
previous section, it would appear that in order to promote successful learning 
of elementary algebra, the curriculum should incorporate a number of 
aspects, described below: 
 
Aspect 1. Enable learners to experience and appreciate algebra as 
generalised arithmetic  
The curriculum should enable learners to experience and appreciate algebra 
as generalised arithmetic. In order to do this, it should promote the 
following: 
1.1 Learners must become explicitly aware of structure, primarily that,  


1.1.1 the same principles (namely, the properties of operation) underlie 
computation in arithmetic and manipulation in algebra; 


1.1.2 equivalence of expressions, whether numerical or algebraic, is 
preserved by the correct application of properties of operation, 
and that manipulation in algebra merely transforms expressions 
into more useful equivalent (and often simpler) expressions; 


1.1.3 there are therefore structural similarities, but also differences, 
between arithmetic and algebra, and what these similarities and 
differences are. 


1.2 learners must experience and appreciate algebra as a language used to 
express generalisation of patterns and procedures, thoroughly 
understanding the semantics and syntax of this language, including 
proper understanding of the meaning and function of letter symbols, 
algebraic expressions and equations, and manipulations performed upon 
them. 


 
Aspect 2. Enable learners to use and appreciate algebra as a means to 
describe relationships between variables 
The curriculum should enable learners to use and appreciate algebra as a 
means to describe relationships between quantities that vary (variables) 
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inside and outside mathematics. Specific reference should be made to the 
following:  
2.1 constructing meaning for the concept of variables/-ility; 
2.2 appreciating that a relationship exists between different values of the 


unknown/ variable/letter symbol and the resulting values of the algebraic 
expression; 


2.3 demonstrating the relationship between variables in several ways: 
verbally, using flow diagrams, tables, algebraic expressions/ formulas 
and graphs; 


2.4 substitution into algebraic expressions and solving equations as two 
(inverse) processes utilised to determine values for the two variables – 
substitution to determine output values, and solving equations to 
determine input values. 


 
Aspect 3. Enable learners to use and appreciate algebra as a tool to solve 
problems 
The curriculum should enable learners to use and appreciate algebra as a tool 
to solve problems, inside and outside mathematics, often through a modeling 
process. 
 
A SPIRAL LEARNING PROCESS STARTING IN THE 
PRIMARY SCHOOL 
It is important to realise that the three aspects and the various sub-aspects 
above cannot be separated in practice. They overlap extensively, supporting 
and reinforcing, informing and complementing one another. Elementary 
algebra can therefore not be taught in a simple linear fashion, as was often 
attempted with the traditional approach that only started in grade 8 (letter 
symbols → algebraic expressions → solution of equations → functions and 
graphs). In fact, research findings dictate that a curriculum designed to 
satisfy the three aspects above must commence in the early primary school 
years and follow a spiral approach, where these aspects are addressed in a 
variety of contexts while continuously generalising and formalising. In this 
way learners’ algebraic thinking is developed, where algebraic thinking can 
be described as “a process in which students build general mathematical 
relationships and express these relationships in increasingly sophisticated 
ways.” (Soares, Blanton and Kaput, 2005:228). This is exactly what has been 
captured in the NCS for Mathematics (GET). An analysis of Learning 
Outcome 2 (Patterns, Functions and Algebra), and to a lesser extent Learning 
Outcome 1 (Numbers, Operations and Relationships) will quickly reveal this, 
as illustrated by Tables 1 to 4 that follow. 
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Table 1. ASPECT 1: ENABLE LEARNERS TO EXPERIENCE AND APPRECIATE ALGEBRA AS GENERALISED ARITHMETIC 


Sub-aspect 
Where/how addressed in curriculum 


LO 
Phase(s) Excerpts from  


LO Focus/Phase Focus 
Assessment Standard Grade


(s) 


Building up and breaking down numbers to at least 10 R F build up and break down numbers 


Perform calculations … uses the following techniques … building up and breaking down 
numbers 


1 
2 
3 


• Calculates by selecting and using operations appropriate to solving problems that involve 
- 
- 


addition and subtraction of whole numbers 
multiplication of at least 2/3/4 digit by 2/3 digit numbers 


- division of at least whole 2/3/4 digit numbers by 2/3 digit numbers 
• Uses a range of techniques to perform calculations, including building up and breaking 


down numbers 
• Recognises, describes and uses the commutative, associative and distributive properties 


(the expectation is that learners should be able to use these properties and not necessarily 
know the names of the properties) 


4 
5 
6 


I • properties of operations, including 
commutative, associative and 
distributive properties 


• how they can be used to solve 
problems and simplify calculations 


 


Multiple operations on whole numbers with or without brackets 6 


1 


S use number knowledge to develop 
algebraic skills. 


• Uses a range of techniques to perform calculations, including the commutative, 
associative and distributive properties 


• Recognises, describes and uses the commutative, associative and distributive properties 
(the expectation is that learners should be able to use these properties and not necessarily 
know the names of the properties) 


7 
8 


F, I, S Mathematical skills are developed over 
time. The learner should be given 
opportunities at every grade level to 
develop these skills to greater levels of 
sophistication. 


  


1.1 Learners must be 
explicitly aware of 
structure, primarily 
that 


1.1.1 the same 
principles (i.e. 
the properties 
of operation) 
underlie 
computation in 
arithmetic and 
manipulation in 
algebra 


 


2 


S • study properties of algebraic 
expressions by manipulating them 
with sufficient practice to form 
simpler equivalent expressions for 
calculating and solving problems.  


• Uses conventions of algebraic notation and the commutative, associative and distributive 
laws to 


- collect like terms 
- multiply or divide an algebraic expression 
- simplify algebraic expressions given in bracket notation 


8 







 
 


197


• develop an appreciation of how 
algebraic manipulation is useful for 
solving problems (and not engage in 
algebraic manipulation for its own 
sake 


• Uses the distributive law and manipulative skills developed in Grade 8 to 
- find the product of two binomials 
- factorise algebraic expressions 


9 


Table 2. ASPECT 1 (Cont.): ENABLE LEARNERS TO EXPERIENCE AND APPRECIATE ALGEBRA AS GENERALISED ARITHMETIC 


Sub-aspect 
Where/how addressed in curriculum 


LO 
Phase(s) Excerpts from  


LO Focus/Phase Focus 
Assessment Standard Grade


(s) 


• 
- add
- mu
- 


Calculates by selecting and using operations appropriate to solving problems that involve 
ition and subtraction of whole numbers 
ltiplication of at least 2/3/4 digit by 2/3 digit numbers 


division of at least whole 2/3/4 digit numbers by 2/3 digit numbers 
• Uses a range of techniques to perform calculations, including building up and breaking down 


numbers 
• Recognises, describes and uses the commutative, associative and distributive properties (the 


expectation is that learners should be able to use these properties and not necessarily know the 
names of the properties) 


4 
5 
6 


I • properties of operations, 
including commutative, 
associative and distributive 
properties 


• how they can be used to …  
simplify calculations 


 


Multiple operations on whole numbers with or without brackets 6 


1.1   Learners must be 
explicitly aware of 
structure, primarily that 
 
1.1.2 equivalence of 


expressions, 
whether 
numerical or 
algebraic, is 
preserved by the 
correct 
application of 
properties of 
operation, and 
that 
manipulation in 
algebra merely 
transforms 


1 


S use number knowledge to develop 
algebraic skills. 


• Uses a range of techniques to perform calculations, including the commutative, associative 
and distributive properties 


• Recognises, describes and uses the commutative, associative and distributive properties (the 
expectation is that learners should be able to use these properties and not necessarily know the 
names of the properties) 


7 
8 
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expressions into 
more useful 
equivalent (and 
often simpler) 
expressions 


 
1.1.3 There are 


therefore 
structural 
similarities, 
but also 
differences, 
between 
arithmetic and 
algebra, and 
what these 
similarities and 
differences are. 


 


2 S • study properties of algebraic 
expressions by manipulating 
them with sufficient practice to 
form simpler equivalent 
expressions for calculating and 
solving problems.  


• develop an appreciation of how 
algebraic manipulation is useful 
for solving problems (and not 
engage in algebraic 
manipulation for its own sake 


• Uses conventions of algebraic notation and the commutative, associative and distributive laws 
to 


- collect like terms 
- multiply or divide an algebraic expression 
- simplify algebraic expressions given in bracket notation 
 
 
 


8 
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Table 3. ASPECT 1 (Cont.): ENABLE LEARNERS TO EXPERIENCE AND APPRECIATE ALGEBRA AS GENERALISED ARITHMETIC 


Sub-aspect 
Where/how addressed in curriculum 


LO 
Phase(s) Excerpts from  


LO Focus/Phase Focus 
Assessment Standard Grade


(s) 


1 S use number knowledge to develop 
algebraic skills. 


• Recognises, describes and uses the commutative, associative and distributive properties (the 
expectation is that learners should be able to use these properties and not necessarily know the 
names of the properties) 


7 
8 


F • lay the foundation for developing 
algebra in the Intermediate and 
Senior Phases.  


• copy, extend, create and 
describe: 


- Geometric patterns, and 
- Numeric patterns (e.g. skip 
counting) 


• Copies and extends simple patterns using physical objects and drawings 
• Copies and extends simple number sequensces 
• Creates own patterns 
• Describes observed patterns 
• Identifies, describes and copies geometric patterns in natural and cultural artefacts 


 


I Describe the rules generating the 
patterns. 
 


• Investigates and extends numeric and geometric patterns 
• Writes number sentences to describe a problem situation 
• Solves or completes number sentences 


4 – 6 


1.2  Learners must 
experience and 
appreciate algebra as a 
language used to 
express 
generalisation of 
patterns and 
procedures, 
thoroughly 
understanding the 
semantics and syntax 
of this language, 
including proper 
understanding of the 
meaning and function 
of letter symbols, 
algebraic expressions 
and equations, and 
manipulations 
performed upon them 


2 


S • Express rules governing patterns 
in algebraic language or 
symbols. 


• study properties of algebraic 
expressions by manipulating 
them with sufficient practice to 
form simpler equivalent 
expressions 


• Investigates and extends numeric and geometric patterns 
• Describes, explains and justifies observed relationships or rules in algebra 
• Solves number sentences/equations 
• Uses conventions of algebraic notation and the commutative, associative and distributive laws 


to 
- compare different representations of algebraic expressions involving one or more operations, 


selecting those which are equivalent 
- write algebraic expressions, formulae or equations in simpler or more useful equivalent forms 


in context 


7, 
8 
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 Table 4. ASPECT 2: ENABLE LEARNERS TO USE AND APPRECIATE ALGEBRA AS A MEANS TO DESCRIBE RELATIONSHIPS BETWEEN 
QUANTITIES THAT VARY (I.E. VARIABLES) INSIDE AND OUTSIDE MATHEMATICS 


Sub-aspects 
Where/how addressed in curriculum 


LO 
Phase(s) Excerpts from  


LO Focus/Phase Focus 
Assessment Standard Grade


(s) 


F • skip count 


• the effect of operating with 
numbers 


Counts forwards and backwards in ones, tens, fives, twos, etc 1 
2 
3 


I • skip count 


• the effect of operating with 
numbers 


• counts forwards and backwards in a variety of intervals 
• solves problems that involve ratio and rate 


4 
5 
6 


1 


S • skip count 


• the effect of operating with 
numbers 


 use number knowledge to 
develop algebraic skills. 


 


• counts forwards and backwards in a variety of intervals 
• solves problems that involve ratio and rate (and proportion in Gr 9) 


7 
8 
9 


2.1 Constructing 
meaning for the 
concept of variable 


2.2 appreciating that a 
relationship exists 
between different 
values of the 
unknown/variable/le
tter symbol and the 
resulting values of 
the algebraic 
expression 


2.3 demonstrating the 
relationship 
between variables in 
several ways, i.e. 
verbally, using flow 
diagrams, tables, 
algebraic 
expressions/formula
s and graphs 


 
 


2 F • lay the foundation for developing 
algebra in the Intermediate and 
Senior Phases.  


• copy, extend, create and 
describe: 


- Geometric patterns, and 
- Numeric patterns (e.g. skip 
counting) 


• Copies and extends simple patterns using physical objects and drawings 
• Copies and extends simple number sequensces 
• Creates own patterns 
• Describes observed patterns 
• Identifies, describes and copies geometric patterns in natural and cultural artefacts 


1 
2 
3 
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I • the study of numeric and 
geometric patterns is extended 
with a special focus on the 
relationships: 


- Between terms in a sequence; and. 
- Between the number of the term 
(its place in the sequence) and the 
term itself. 
• … develops the concepts of 


variable, relationship and 
function. The understanding of 
these relationships by the 
learner will allow her or him 
to describe the rules 
generating the patterns. 


• … the use of different, yet 
equivalent, representations of 
problems and relationships 
(words, flow diagrams, tables 
and simple graphs.) 


• Investigates and extends numeric and geometric patterns looking for relationship or rule 
• Describes observed relationships or rules in own words 
• Determines output values for given input values using  
- verbal descriptions,  
- flow diagrams  
- tables (Gr 6) 
• Writes number sentences to describe a problem situation. 
• Solves or completes number sentences by inspection or trial-and-improvement 
• Determine the equivalence of different descriptions of the same relationship or rule presented  
- verbally,  
- in flow diagram 
- by number sentences (Gr 6) 
- in tables (Gr 6) 


4 
5 
6 
 


2.4 substitution into 
algebraic 
expressions and 
solving equations as 
two (inverse) 
processes utilised to 
determine values for 
the two variables – 
substitution to 
determine output 
values, and solving 
equations to 
determine input 
values 


S • formalise the rules generating 
patterns. Learners should 
continue to: 


- Investigate numerical and 
geometric patterns to establish 
the relationship between 
variables, and 


- Express rules governing patterns in 
algebraic language or symbols. 


• The learner continues to analyse 
situations in a variety of contexts 
in order to make sense of them, 
with added ability to represent 
and describe them in algebraic 
language, formulae, expressions 
and graphs.  


• The learner should be exposed to 
a variety of functions and graphs 
to compare their global features, 
rather than to focus on the 
behaviour or features of 
particular functions or graphs. 


• Investigates and extends numeric and geometric patterns looking for a relationship or rule 
• Describes, explains and justifies observed relationships in own words (or algebra – Gr 8) 
• Represents and uses relationships between variables in order to determine input and output 


values in a variety of ways using: 
- verbal descriptions 
- flow diagrams 
- tables 
- formulae and equations (Gr 8 and 9) 
• Solves or completes number sentences (Gr 7) 
• Solves equations by inspection, trial-and-improvement or algebraic processes (Gr 8 and 9) 
• Describes a situation by interpreting a graph of the situation, or draws a graph from the 


description of a situation (Gr 7 and 8) 
• Draws graphs on the Cartesian plane for given equations, or determine equations from given 


graphs (Gr 9)  
• Determines, analyses and interprets the equivalence of different descriptions of the same 


relationship or rule (verbal, flow diagrams, tables, equations/expressions, graphs) 
 


7 
8 
9 
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INVESTIGATING CODE SWITCHING OF ENGLISH 
SECOND LANGUAGE (ESL) TEACHERS IN THE 


TEACHING OF MATHEMATICS: A GRADE 9 & 10 CASE 
STUDY. 


 
Nomathamsanqa Tokwe & Marc Schäfer 


 Rhodes University, Grahamstown, Eastern Cape, South Africa  
 


This paper is based on the baseline study of my research that is investigating 
language in the teaching and learning of mathematics where the Language 
of Learning and Teaching (LOLT) is neither the learners’ nor the teachers’ 
home language.  It focuses specifically on code switching patterns of 
teachers whose home language and that of the learners is Xhosa and LOLT 
is English.  The research is aimed at investigating the use of a new resource 
book, translated into Xhosa, Zulu and Afrikaans, in their code switching 
patterns. It is an attempt to assist both the teachers and learners in 
understanding core mathematics concepts. In this paper I am discussing the 
challenge that is prevailing in these bilingual classrooms and then giving an 
analysis of baseline study classroom observations.  It was noticed that the 
teachers code switched unconsciously to Xhosa mostly when giving 
instructions and explaining concepts and terms, and all mathematics 
concepts and terms and most doing words (verbs) were in Xhosa.  At this 
point the teachers have not yet been observed whilst teaching using the book. 
 
Introduction 
 
This paper discusses observations of code switching in bilingual classrooms 
amongst Grade 10 mathematics teachers in semi rural townships of 
Grahamstown, Eastern Cape.  The home language of both the teachers and 
learners is Xhosa and LOLT is English. It has to be noted that English 
proficiency of both the learners and teachers is sometimes limited, as they do 
not interact in English outside the school.  I will briefly discuss the challenge 
that is prevailing in South African bilingual classrooms where LOLT is not 
the learners’ home language. Then I will look at the analysis of teacher 
utterances focussing on code switching.   


 


THE CHALLENGE 
 
The issue of language of teaching and learning in multilingual classroom was 
of great concern as early as the beginning of the 1970s where a substantial 
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body of classroom-based research was conducted into code switching in 
bilingual programmes for linguist minority children in the United States of 
America (Martin-Jones in Milroy& Muysken, 1995).  It is these studies that 
have largely inspired and given rise to the current debates in code switching 
in South Africa (Blom & Gumperz in Kieswetter, 1995).  These studies 
focused mainly on the patterns and frequencies of code switching practices. 
 
The challenge in South Africa 
 
South Africa is a multicultural and multilingual country with a diversity of 
11 spoken languages. Despite the fact that there is the Language in 
Education Policy  (Education Language policy, 1997), up to the present, in 
the first 4 years of schooling, i.e. from Grade R up to Grade 3, the LOLT is 
usually the learners’ mother tongue.  But when the learner starts Grade 4, the 
LOLT switches to English. The language competence of learners and the 
language or languages of instruction have implications for the teaching of 
mathematics. Setati and Adler (2001) argue that the teachers now have a dual 
task of teaching both mathematics and English at the same time.  On the 
other hand, the learners have to cope with mathematics and also the new 
language in which it is taught. Perhaps it is for this reason that the teachers 
resort to the strategy of code switching.   
 
The failure of learners in mathematics is sometimes the result of difficulties 
in understanding the concepts.  In such situations teachers and learners end 
up blaming each other. Language is the foundation of the mathematics 
learning process, as it is a tool for explaining on the part of the teacher and 
understanding on the part of the learner.  Nevertheless, the issue of language 
in mathematics lessons is particularly critical for learners whose first 
language is not English (Orton, 1996).   
 
Research also illustrates the negative impact of the LOLT that is not the 
learners’ mother tongue in the understanding and interpretation of 
mathematical concepts.  Howie (2002) refers to the poor performance of 
South African learners in the Third International Mathematics and Science 
Study (TIMSS) of 1995 and its repeat (TIMSS-R) in 1998. South Africa 
performed significantly worse than all other participating countries. Amongst 
the reasons identified for this was that the language of learning in the 
classroom was not the learners’ home language. 
 
Because the LOLT is foreign to the learners, they often find it difficult to 
interpret, and may become inhibited in responding and communicating their 
thoughts.  Probyn (1995) identified the tension that is experienced by 
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learners as they struggle to learn through a language that is unfamiliar to 
them in her research among Xhosa speaking learners in Cape Town. In an 
interview by Probyn (1995), cited in Probyn (1998) a teacher said, ‘If you 
are not using the first language, you find that the classroom is tense, they 
don’t know how to express themselves’.  And a grade 12 student’s response, 
‘It was confusing, Ma’m, because it was the case that you can’t even speak 
English, how can you write it?’ 


I observed, although in this case it was a Biology lesson, that learners 
sometimes do not associate the concepts and terms learnt at school with what 
they know in their everyday life.  The teacher was teaching the digestive 
system.  The learners knew what a pancreas was in the alimentary canal.  
When the teacher asked what it was in Xhosa they did not know.  When the 
teacher told them, the response was a chorus of “Yhoo”, an exclamation 
indicating amazement, as they did not link it with what they knew. 
Therefore, the learners sometimes learn concepts parallel to their everyday 
life.  In this case, the learners were only able to attach relevant meaning and 
create a real mental picture and understanding when pancreas was translated 
into their own language. Underhill in Cocking & Mestre (1985) argues that 
we are teaching many mathematical concepts and skills that many learners 
cannot grasp and some major ones that most of the learners in many 
classrooms cannot understand.  Therefore, concepts can be much easier to 
learn if they can be discussed in familiar language (Thomas, in Tentacosta & 
Kenney, 1997). 


The LOLT in multilingual classrooms was and is still of great concern, not 
only in the teaching and learning of mathematics but in all spheres of 
education. During the apartheid era, the dominant Language of LOLT in 
Black High Schools was English and, in some cases, Afrikaans.  The 
tensions among the Blacks over language in education reached its most 
crucial point in 1974 when the government enforced a regulation that Black 
students had to be taught in Afrikaans.  The consequences of these tensions 
culminated in the Soweto uprisings on 16 June 1976 (Country Studies, 
2005). 
  
The issue of language in multilingual mathematics classrooms has been my 
field of interest since 1998.  I was involved in an intervention programme for 
the professional development of teachers in the learning and teaching of 
mathematics in schools in the Eastern Cape.  After intensive interaction with 
teachers, although not documented, I observed that some teachers’ lack of 
understanding and problems in the learning and teaching of mathematics is 
sometimes the result of a combination of effects. Some of these effects were 
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the complexity of mathematical concepts themselves; the fact that they had 
to learn and process mathematics in a second language; and that the teachers 
had to teach the subject to learners for whom English was a second language.  
An example to illustrate this is the common misconception that a triangle 
(with its 3 sides) is a 3-dimensional object.  In my research, which is still in 
progress, I want to investigate whether the use of a multilingual Resource 
Book will assist the teachers in their code switching practices and 
understanding of mathematical concepts and terms.   
 
The South African government is trying to address the above challenges, 
hence the Language in Education Policy in South African education has 
continued to be a great issue of concern. The new Constitution of the 
Republic of South Africa and the National Department of Education 
recognise cultural diversity as a valuable national asset.  The new Language 
in Education Policy promotes multilingualism and gives the learners and also 
the schools the right to choose their language of preference as the LOLT 
(Department of Education Language in Education Policy, 1997). However, 
Cuvelier et al. (2003) state that the implementation of this policy is not 
without its challenges. They assert, for example, that appropriate Learning 
Support Materials with appropriate terminology need to be developed in all 
languages. It is mostly only for English and Afrikaans that mother-tongue 
texts have been established at all levels of education, including tertiary level 
(Cuvelier et al, 2003).  Probyn (2002:10) in her study states: “There are 
further linguistic and economic constraints on mother-tongue education: the 
fact that indigenous languages have not been used for academic purposes 
means that the necessary terminology and textbook resources have not been 
developed”. 
 
RESEARCH QUESTIONS 
 
I observed the teachers focussing on the following: 
 
1. The extent, occurrence and frequency of code switching through the 


entire lesson. 
 
2. When does the teacher use code switching? Is it for explanation of 


concepts and terms, for expressing him/herself, for questioning or for any 
other observable use? 


 







METHODOLOGY  
 


Orientation and Methods 
 
I am conducting this research within the interpretative paradigm.  In this 
research I am seeking to get a deep and a thorough understanding of how the 
Resource Book affects the teachers’ practices with a special focus on code 
switching. The techniques that I will use for collecting data will be 
questionnaires, structured observations and semi-structured interviews.  The 
tools will be observation schedules, an audio recorder and a video recorder. 
This will help me to compare between what the teachers ‘do’, what they 
‘say’ and what they ‘think’.  
 
This research is occurring in two phases.  Phase 1 is the Baseline study, 
which consists of a sample of 2 teachers who have never been exposed to the 
Resource Book. It has to be noted that a pilot study was conducted where the 
teachers looked at the appropriateness and accuracy of translations. Phase 2 
will include these 4 teachers together with the 2 new teachers who 
participated in phase 1.  At present the research is in phase 1. 
 
CLASSROOM OBSERVATIONS  
 
For my baseline study I observed two grade 10 mathematics teachers. These 
teachers have not seen the resource book yet. Teacher A was teaching 
quadrilaterals.  He was dependent of the textbook for all definitions of the 
quadrilaterals, transcribing word by word.  Teacher B was teaching area and 
volume and his learners were actively involved throughout the lesson.   
 
The graphs below display the data that I collected by videotapes.  The data 
was grouped according to the pre-defined categories. 
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.   
 
 
 
Figure 1 Categories displaying frequency of code switching in the entire 
lesson. 
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For both teachers code switching occurred mostly when they were giving 
instructions with a Xhosa frequency of 85% and 81% respectively.  Perhaps 
this was to ensure that the instructions were clearly understood.  An example 
was when Teacher A was explaining instructions for an activity:  
 


“Yintoni oyibonayo kule shape eyenza ukuba yohluke kwenye i-shape?  
(What do you notice in this shape that makes it different from another 


shape?) 
 
The frequency of code switching to Xhosa in this one sentence is 80%. The 
only English words were the concept “shape”.  
 
The occurrence of code switching to Xhosa when asking questions was more 
in Teacher B than Teacher A.  Teacher B’s questions were in two-fold, 
general questions and probing questions with a frequency of 63% and 52% 
respectively. 
 
In the examples of utterances that follow, the following has to be noted, as it 
seemed to be general to both teachers: 
 


1. Xhosa is dominating in their utterances.  All the mathematical terms 
and some few nouns are in English.  


2. The verbs are mostly in Xhosa. 
3. Although some nouns, all mathematical terms and some verbs are in 


English, they are prefixed with Xhosa to make them Xhosa-like or to 
Xhosa-ized them.  


 
 


Teacher A  
Very few questions were asked and were towards the end of his lesson with 
code switching frequency of 59%.  He did not ask any probing questions. He 
was not relaxed; he taught by reading from a textbook word by word. I 
observed that he did not code switch to Xhosa for definition of concepts as 
he was entirely depended on the textbook, transcribing them word-by-word.  
What was interesting was that whenever he wanted to express himself, 
whether asking questions or explaining concepts, he started in English and 
then switched to Xhosa that was mixed with English.  He did not, at any 
point, used Xhosa for mathematical terminology.  His code switching was in 
accordance to how Kieswetter (1995) describes it as a dynamic 
conversational strategy that constantly changes according to the intentions of 
the speaker and is used to convey meaning; and Setati and Adler (2001) as a 
practice that enables learners to harness their main language as a learning 
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resource.  Therefore, rather than to wait for the mind to think of appropriate 
English words he resorted to code switching in order to make his teaching 
flow.  It has to be borne in mind that our thinking is mostly in our home 
language. The following are some examples: 
 
• Consider the situation whereby siza kuthatha ii triangles zethu 


ezimbini sizibeke on top of one another.  What I’m trying to say is this 
[drawing 2 triangles adjacent to each other]. 
 
(Consider the situation whereby we will be taking our two triangles 
and put them on top of one another.  What I’m trying to say is this 
[drawing 2 triangles adjacent to each other]). 


 
• If you say now all angles of a triangle are equal, ingaba i angle inye 


kuzo errr ndicinga ukuba………….. Ingaba inye iza kuba how many?  
(Teacher and learners respond simultaneously.)  “Ngu 60 degrees.” 


 
(If you say now all angles of a triangle are equal, is it that one of the 
angles err.. I think that…………. How many will one of them?      
(Teacher and learners respond simultaneously.)  “It is 60 degrees.” 


 
• “In other words, ukuba siza kuthi le yi parallelogram, so that means eli 


cala lingapha liza kuba parallel kwela cala lingaphaya and eli lona libe 
parallel kweli lingaphaya.” 


   
“In other words, if we say that this a parallelogram, so that means this 
side here will be parallel to that side on the other side and this one will 
be parallel to the one on the other side. 
 


In this last sentence only the use of Xhosa was 65,5%. 
 
Teacher B 
His code switching was more frequent throughout the lesson, especially 
when he wanted to explain a concept and when he asked questions. 
Interestingly, this teacher is a Tsonga but teaching Xhosa speaking learners. 
Some of his questions related to his inefficiency in Xhosa as in the following 
example. At some points he was stuck in explaining some of the concepts.  
In these instances the language he used was mostly in Xhosa.  For example: 
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Example 1 
Here he was trying to get to the learners by communicating mathematics in 
their own language.  He used, although minimal, code mixing for nouns 
where he attached prefixes to make the noun more Xhosa-like, e.g. i-width 
(width) 
 


Teacher:  Alright i-length ngesiXhosa yintoni? 
            Alright what is length in Xhosa? 
 


Learner1:  Bububanzi. 
             It is width. 
   


Learner 2:  Bubude. 
                      It is length 
 
Then the teacher asks again:  Yintoni?  Bubude?  (He laughs). All right 
bubude ke. 


What is it?  Is it length?  (He laughs). All right 
it is length then. 


 
Teacher:  I-width ke? 


            And then width? 
 


Learner1:  Bububanzi. 
                     It is width. 
 


Learner2:  Bubuncinane. 
                   It is smallness. 
 


Learner3:  Bubude. 
                    It is length. 
 
The teacher now seems to be learning new Xhosa words. 
 
Example 2 
In this conversation the learners were to calculate the volume of a box.  The 
teacher was trying to explain a base: 
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Teacher:   “Ibase yile ndawo le ibox ihlale ngayo, ibase.  Uyayibona le box?     
          Ibase nantsi  yile part le apho ihlale ngayo.”   


 
      “The base is this part that the box is resting on, the base.  
Do you    
       see this box? The base here is this part, the one it is resting 
on.”         
       


There was a pause. Not sure of his explanation, he then asked: 
  


Teacher:   “Ibase yintoni ngesiXhosa, nithi yintoni?”  
       (What is a base in Xhosa, how do you call it?) 


 
Learners:  Ngumphantsi. (It’s the bottom.) 


 
Teacher:   Ngumphantsi nhe? Yho kunzima.  


      (It’s the bottom nhe? Gosh it is difficult.) HE LAUGHS.   
 


Teacher:  OK ibase ngumphantsi.  (OK the base is the bottom.)  
GESTURING  WITH A HAND. Ewe ke. (Yes then.) 
 


The dominating language here is Xhosa.  The teacher used English for 
mathematical terms which are prefixed to make them more Xhosa-like.  
Again he wanted to reach out to the learners by using their home language.  
 
LEARNER UTTERANCES 
Although I was focussing on teacher utterances I could not ignore to observe 
the learners’ utterances.  The learners were asking, responding and 
expressing themselves in Xhosa with minimal English. It can be noticed that 
most nouns and all mathematical terms are in English with attached prefixes, 
which results to code-mixed forms, e.g. kwi-classroom (in the classroom). 
They used code mixing for some of the verbs, making them to be Xhosa-like, 
e.g. Si- times-e by 2. (We multiplied by 2.) 
 
 These are some examples of learner utterances: 
 
Example 1 
“Principal, phaya kwi grid ngu 28cm2 kuba i-length ilingana ne-breadth, 
so kwathiwa squared.  Apha kwi-classroom ayilingani i-length nebreadth 
that is why kusquare- ishwa.” 
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Principal, in the grid it is 28cm2 because the length is equal to breadth, so 
it was squared.  In this classroom the length and breadth are not equal 
that is why it is squared. 
 
Example 2 


So indlela elula yokufumana la bottom row kukuthi Length × Breadth? 
So the easy way of finding that bottom row is to say Length × Breadth? 
 
Example 3 
Uya buza ukuba kuba eza cubes ziphaya ziyi 4 kukuthi 7 × 4 ?  Ziyi 4 apha, 
ziyi 4 phaya ziphinde zibe yi 4 nangaphaya. 
     
He is asking if because those cubes are 4, it means 7 × 4?  They are 4 here, 
they are 4 there and again they are 4 on the other side. 
 
CONCLUSION 
I observed Teacher B with interest because he was not speaking the learners’ 
home language.  I thought he would use English only as it was the language 
that would be common for both him and the learners.  Because he wanted to 
communicate to the full understanding of his learners he code switched to the 
learners’ home language. According to Young et al (2004) concept formation 
and language use are inseparably related and that the understanding and use 
of concepts is through language.  Even Teacher A was, at the beginning of 
his lesson, using English only as he was transcribing from the text book but 
when he wanted to explain the concepts and ask questions, he found himself 
code switching more to Xhosa.  Although Xhosa was dominating English, 
both teachers and the learners used English only for mathematical terms. 
There was a lot of code mixing with Xhosa prefixes that made 
communication Xhosa-like.  Generally, I found that both these teachers used 
code switching to ensure that their learners understand the concepts. 
 
The use of the Resource Book will be used in phase 2 which will follow 
soon. 
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This paper presents the preliminary results of a research in progress on 
teachers’ challenges in assessing mathematical knowledge in Grade six 
and seven. The report is on the module conducted during phase teaching 
programme at Rhodes University Mathematics Project (RUMEP) with 
students who are enrolled for an Advanced Certificate in Education (ACE). 
These students teach Grade six and seven mathematics in their schools. 
The research methodology for the study is based on the conceptual 
framework of the TIMSS study. In the TIMSS study mathematics is assessed 
in two organising dimension, which are content and cognitive domains. 
The data analysis was then based on these domains. The results indicated 
that teachers’ assessment in content knowledge focus mainly on numbers 
and on the cognitive domain they assess only the knowing, facts and 
procedure.   


 


INTRODUCTION 
The South African new curriculum policy introduces a shift from a system 
which was dominated by public examination whose main objective has 
always been to rank, grade, select and certificate learners, to the new system 
that informs and improves the curriculum and assessment practice of 
educators (Taylor: 1999). A policy is defined as a specific statement of 
principles or guiding actions that imply a clear commitment of the institution 
or society. Policies are established for several reasons, which among them 
are to resolve conflict or problem, to recognise the legitimate interest of all 
parties and for overall benefits. The challenge facing our schools is the lack 
of skills in our teachers to effectively implement policies to achieve what 
was intended by the policy.  The National Curriculum Statement (NCS) 
requires educators to make judgement on students’ level of understanding 
and skills on the basis of explicitly stated “learning outcomes” and 
“assessment standards” (Department of Education; 2002). It further states 
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that, assessment should provide indications of learner achievement in the 
most effective and efficient manner, and ensure that learners integrate and 
apply knowledge and skills (Department of Education 2002, p 93). 
 
The NCS policy adopted rhetoric of continuous assessment. Some of the 
strategies and methods advocated by this conception of assessment included 
“self-assessment, peer assessment, portfolio assessment, performance 
assessment, observation schedules, journals and test” (Department of 
Education 1997). The objective is to give learners opportunity to 
demonstrate understanding of mathematics in different forms rather than the 
emphasis on marks and grades. There have been a number of reasons 
suggested in the literature why teachers of mathematics have not adopted a 
wider range of assessment practice. Teachers commonly lack the knowledge 
to use effectively a variety of assessment techniques in the classroom (Black 
and Dylan, 1998; Stiggins, 1999). Recently, professional development 
programs have endeavoured to address this concern. For instance, in South 
Africa, greater percentage of Institutions of Higher Learning are engaged in a 
number of accredited courses for in-service teachers to improve the teaching 
and learning of mathematics in schools. There are also Non-Governmental 
Organisations (NGO) focusing on supporting teachers in improving the 
teaching and learning of mathematics in schools.  
 
The introduction of the new curriculum policy in education challenges 
teachers especially those who teach in previously disadvantaged schools with 
scarce resources. This paper reports on research in progress investigating 
teachers’ challenges in assessing mathematics in Grade 6 and 7 in rural areas 
of Eastern Cape. Though there have been a range of professional 
development opportunities provided by the Department of Education and 
different stakeholders for teachers to become familiar with the assessment, 
the range of assessment procedures utilized by teachers, as reported in the 
literature, still tends to be inefficient.  It could be, as Haines and Izard (1994) 
claimed, that there is disturbing tendency by teachers to limit assessment to 
what is easy to assess rather that to what is important to assess. Lokan, Ford 
and Greenwood (1996) state that despite the variety of innovative and 
effective strategies to teaching and assessment, the recent Third International 
Mathematics and Science Study (TIMSS) indicated that teachers generally 
continue to limit their approaches to traditional methods. Traditional 
classroom approaches reflect a view of mathematics as a set of discrete 
hierarchically arranged facts and skills; a view of learning mathematics as 
replication and repetition; a view of teaching mathematics as expositions and 
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practice; and a view of assessing mathematics as paper-and-pencil testing for 
the sole purpose of grading and ranking (Niss, 1993; Stephens, 1992).   
 
The introduction of the new curriculum for all South African schools is 
taking place in a context where there are equally pressing needs for redress 
and repair. The apartheid system produced a grossly unequal society. The 
training of the majority of teachers in schools was through a segregated 
system of education provided during apartheid. Taylor and Vinjevold (1999) 
in their report on 38 research projects across a range of schools and with a 
range of foci, argue that the most critical challenge to teacher education in 
South Africa is the limited “conceptual knowledge base” of many teachers. 
This implies that teacher development programmes need not focus only on 
the new approaches in particular subject areas, but also need to address the 
effects of the poor quality of education under apartheid on the majority of 
South African teachers. The criterion that is mostly used to measure the 
standard of mathematics in the country is the Grade 12 results. The TIMSS, 
an international study, used to measure learner achievement in mathematics 
and science, as well as learner beliefs and attitudes towards these subjects 
focused on Grade 4 and 8. 
 
Research questions  


1. Which areas of the NCS Curriculum do educators in mathematics 
assessment cover? 


2. How do they allocate marks in different sections of the paper? 
3. Is the content assessed relevant to the Grade? 
4. What are the educators’ challenges in assessing mathematics? 
 


CONTEXT  
The majority of teachers have attended a number of training workshops but 
still experience challenges in implementing what they are taught in 
workshops on assessment. This paper reports on a module conducted during 
a phase teaching programme at RUMEP with students who are enrolled for 
an ACE. This group consisted of first year and second year students 
participating in the course. These teachers teach mathematics in Grade six 
and seven and they were asked to bring with them question papers they had 
set for their learners in mathematics in 2006 for all the terms of the year. The 
reason for choosing 2006 assessment was the thought that I would have 
question papers for all terms of the year, which would give a clear 
understanding of what they assess in mathematics during the whole year.  
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The above two grades were selected because they form the exit and entry 
points of intermediate and senior phases respectively in the new curriculum 
structure.  Grade six will give the background of school assessment in the 
intermediate phase while grade seven findings will give that of the senior 
phase. The intention was to use all the assessment question papers for the 
four terms of the year, which were to be provided by the 18 students on the 
ACE course. However, the challenge was that not all teachers provided 
assessment question papers for all terms and some of those that were 
submitted had no clear indication of mark allocation to the questions. 
Therefore, the study had to be based on a sample of five grade six and five 
grade seven assessment question papers for each semester of 2006. The shift 
to analyse the semester assessment resulted from the unavailability of the 
four terms’ assessment questions from the ACE teachers.  
 
This paper investigates teachers’ challenges in assessing Grade six and seven 
mathematics by using the TIMSS conceptual framework on content and 
cognitive domains. Assessment results reflect the impact of mathematics 
teaching; the TIMSS report indicates that South Africa is still faced with 
challenges in teaching mathematics. This is also evident when the Grade 12 
mathematics results are analysed at the end of each year when reports reflect 
poor performance by learners in mathematics. This paper reports on an 
investigation of a sample of Grade six and seven mathematics teachers’ 
assessment. By analysing the mathematics content covered in their question 
papers and also the cognitive challenge of these questions for the learners, 
the findings of the investigation will be used to support the needs of the 
teachers in this area on the course and at the same time the findings will be 
shared with the Department of Education through the schools in order to 
facilitate and improve teachers’ strategies in assessing mathematics.   
 


METHODOLOGY  
The research methodology for this paper is based on the conceptual 
framework of the TIMSS report, which was derived from the previous 
studies conducted under the auspices of the International Association for the 
Evaluation of Educational Achievement (IEA) (Howie 2002). IEA studies 
recognised the importance of curriculum as a variable for explaining the 
difference to account for student outcomes that was investigated and 
compared with teaching practice.  
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In the TIMSS study mathematics is assessed in two organising dimensions, 
which are content and cognitive domains. The content domain describes the 
content knowledge intended to be assessed, while the cognitive domain 
describes the cognitive abilities students use to answer the questions in the 
tests. The content domains are fairly consistent and found in all curricula; 
therefore, in this paper it is linked to NCS curriculum content domain. The 
assessment papers submitted by the teachers will be compared with what is 
expected from the NCS curriculum policy by analysing all the learning 
outcomes covered in the paper and the allocation of marks for each section 
of the paper.  The cognitive domain of the question papers will be analysed 
by grouping the teachers’ assessment items checking on how the following 
categories; knowledge, facts and procedure, using concepts, solving routine 
problems, and reasoning are incorporated in the questions.  
 
The table below shows how the content domain in TIMSS (2003) study is 
proportionally divided under different learning outcomes of the mathematics 
curriculum. The content of the ACE teachers’ mathematics examination 
papers were analysed through the identification of the mathematics learning 
outcomes and mark allocation for each learning outcome. My first 
observation in the analysis of the data that was collected indicated that the 
learning outcomes were not clearly shown in all the examination papers that 
were submitted. Because I wanted to make use of TIMSS I had to read 
through all the questions and allocate them to the specific mathematics 
learning outcomes in the curriculum. The data was presented in a table with 
LO for learning outcomes; marks for each learning outcome and TAP 
representing the TIMSS assessment proportion in the content table and 
graphs were then produced from that data.  







 


TIMSS  
Content 
domain 


Topic  % 
Assessment 


NCS 


Number  Whole numbers  
Fractions and decimals  
Integers, Ratio, proportion and 
percentage  


 
 


30% 


LO 1 


Algebra  Patterns, Algebraic expressions, 
Equations and formulae; 
Relationships  


 
 


25% 


 
 


LO 2 
Geometry Lines and angles; 2D shapes and 


3D objects; Congruence and 
similarity; Location and spatial 
relationship;  
Symmetry and transformation 


15% LO 3 


Measurement Attributes and units  
Tools, techniques, formulae  


 
15% 


 
LO 4 


Data Data collection and organisation 
Data representation;  
Data interpretation 
Uncertainty and probability 


15% LO 5 


    


Table 1: The content domain of mathematics in the TIMSS and NCS policy.  


ANALYSIS AND RESULTS  
The semester examination papers were first grouped together, a sample of 
five question papers were analysed for each grade per semester. The total 
marks for each learning outcome in the paper were added and converted to 
percentages. The sample question papers were entered in the table to indicate 
LO’s included in each paper, the marks allocated for each learning outcome 
and TIMSS Assessment Proportion (TAP). The summary in table 2 below 
was produced and the graphs for each semester and grade were then 
presented for more clarity of the data. 
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GRADE SIX SUMMARY ANALYSIS 


Sm. LO1 Marks  TPA LO2 Marks  TPA LO3 Marks TPA LO4 Marks  TPA LO5 Marks TPA 


1 100 73 30 40 27.5 25 40 21 15 40 18.5 15 0 0 15 


2 100 60 30 0 0 25 67 16 15 100 19 15 33 31 15 


GRADE SEVEN SUMMARY ANALYSIS 


1 100 60.4 30 60 21 25 20 30 15 80 23 15 20 12 15 


2 100 42 30 60 29 25 40 18 15 80 39 15 0 0 15 


Table 2: The summary of question paper analysis 
The above summary shows the percentages of questions included in each 
learning outcome from the sample and the mean of the marks allocated for 
each learning outcome in the examination papers.  The first column 
represents the semesters since the analysis was done on the first and second 
semester assessment. The results shown in the graphs labelled figure 3 below 
represent the data from table 2.  
 
The graph below indicates that the sample of grade 6 teachers have all 
included learning outcome one (numbers) in their question papers but not a 
single teacher considered graphs in their assessment during the first 
semester. In their second semester assessment they have once again all 
incorporated learning outcome one and learning outcome four 
(measurement) in their assessment and not a single teacher included a 
question on learning outcome two (patterns) in their final assessment. The 
mark allocation for each learning outcome when compared with percent 
assessment proportion of the TIMSS is also out of proportion. In both 
semesters the mark allocation for learning outcome one is on average more 
than 60%. This means that if other learning outcomes are also included in the 
paper the total percentage marks for the four learning outcomes will be 40%. 
That is possibly the reason why during the first semester learning outcome 
five (data handling) was not included in the assessment and learning 
outcome two during the second semester.  
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Figure 1: Grade six analysis of LO and mark allocation compared with TAP 
on content coverage for the sample  


The similar pattern has been observed from the grade seven graphs that all 
teachers covered learning outcome one in their assessment. In grade seven 
during the first semester the mean indicates that all learning outcomes have 
been covered during the first semester. During the second semester not even 
one paper covered learning outcome five from the selected sample. The mark 
allocation for learning outcome one, which was 60% for first semester, gives 
the teacher less opportunity to include other learning outcomes fairly in the 
paper. In some papers the level of content asked in these grades is below the 
standard of the grade.  
 
The learners in grade seven were asked to write down the value of the 
underlined digit in the following numbers; and then given five numbers for 
10 marks which is 2 marks each question.  


(a) 724  (b) 4000  (c) 3381  (d) 479  (e) 5144  
This indicates that there is a challenge in setting questions for different 
grades, and that teachers do not consult the curriculum policy document 
when teaching and assessing learners. The assessment standard for grade 
four in place value recognises place value of digits in whole numbers to at 
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least 4-digit numbers. The grade seven teachers asked such a question from 
grade seven learners at the end of the first semester. Does this mean that this 
is what was taught to grade seven for the first six months of the year?  
Therefore the challenge is not only on content coverage but also on the level 
of content that is covered in each grade.   
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Figure 1: Grade seven analysis of LO’s and mark allocation compared with 
TAP on   content coverage for the sample.  


 


DIFFERENCE IN WEIGHTING  
There was a great difference in weighting of different learning outcomes in 
assessment. This was as a result of what teachers focus on in their teaching 
and assessment. Table 3 shows the summary of the differences when the 
teachers’ mark allocation in the sample of question papers on each learning 
outcome is compared with what is expected from the TIMSS content percent 
assessment proportion as given in table 1. These marks were entered into the 
table to find the differences. The summary is presented in table 3 and graphs 


 
 


245







were then produced to demonstrate clearly where the ratings were almost 
equal, more or negative.  
 


Grade six weighting difference of mark allocation 
Semester LO-1 LO-2 LO-3 LO-4 LO-5 
1 42.2% 2.5% 6% 3.5% -15% 
2 30% -25% 1% 4% 16% 


Grade seven weighting difference of mark allocation 
1 30% -4% 15% 8.3% -3% 
2 12% 4.3% 3% 23,8% -15% 


Table 3: Shows the weighting difference of mark allocation of the 
sample and    


              TIMSS in content coverage 
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Figure 3: Difference in weighting of questions per learning outcome when 
compared with the TIMSS percent assessment proportion.  


THE COGNITIVE DOMAIN OF THE SAMPLE  
The number one challenge observed from these papers was on balancing the 
examination questions. For example in one of the papers the teacher asked 
10 questions on simplifying fractions and allocated 40% to this section, 
another one had 8 questions where learners were expected to convert simple 
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fractions to decimal fractions worth 10% and in the other section learners 
were expected to add and multiply decimal numbers worth 16% of the paper. 
This means that 66% of the mathematics content paper was allocated to 
fractions where learners were expected to do simple calculations.  To 
complete this examination paper the two remaining questions were 5 items 
on solve for x e.g. 3x + 5 = 65 worth 13% and in the last question learners 
were given the length and breadth to calculate the perimeter for five different 
rectangles. They were told that those were rectangles; and this question was 
allocated 20% of the paper. All the questions in this paper were on knowing 
facts and procedures, which is in the first level of cognitive domain equal to 
15%. 


Cognitive 
domain 


Learner behaviour  Per cent 
assessment 


Knowing facts 
and procedures  


Recall /Recognise/ identify  
Compute /Use tools  


 
15% 


Using concepts  Know/Classify /Represent  
Formulate /Distinguish  


 
20% 


Solving routine 
problems  


Select / Model /Interpret/Apply  
Verify and check  


 
40% 


Reasoning  Hypothesise/Conjecture /Predict  
Analyse/Evaluate/Generalise/Connect  
Synthesise/ integrate  
Solve non-routine problems   
Justify/prove 


 
 
 
 


25% 


Table 3: Cognitive domain and percentage proportion 


 


CONCLUSION  
The results from this investigation indicate that teachers are faced with 
greater challenges in setting question papers to assess mathematics content.  
As it was stated in the introduction of this paper that most policies are meant 
to improve the situations but if the teachers who are responsible for 
implementing those policies are not well developed to effectively implement 
them, limited success will be obtained. The NCS curriculum policy has been 
reviewed and improved to make it more accessible to all teachers. The 
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results of this investigation reflect that there are still challenges for teachers 
in understanding what is expected from these prescribed learning outcomes 
and assessment standards for each grade. In the example from one of the 
examination papers on place value it was difficult to understand how a 
teacher can set a grade seven paper using a grade four assessment standards. 
This implies that they either do not understand how to interpret the policy 
document or they don’t even use it in their planning and teaching.  
 
The question of taking into account what is expected to be taught in grade six 
or seven curriculum was also a challenge because on content coverage most 
papers in the sample focus mainly on learning outcome one which is only 
numbers. The majority of teachers did not address most of the learning 
outcomes.  This information is evident when one observes the graphs where 
there are blank spaces for both learning outcome and mark allocation. The 
graphs reflecting negative weighting again highlight problem areas in 
assessing all the mathematics learning outcomes. In the light of the graphs on 
content coverage and weighting, this implies that the extent of assessment is 
limited to only some of the learning outcomes. This assessment will have a 
severe impact on the progress of the learner in the next grade. These results 
will be investigated further with the interviews of the teachers in the group to 
validate the findings from the question papers.  
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IS MATHEMATICAL LITERACY SUFFICIENT FOR 
ENTRY INTO A BCOM DEGREE? 


 
Marguerite Walton 


Nelson Mandela Metropolitan University 
 
In 2009 the first matriculants from the National Senior Certificate (NSC) will 
be entering university. Universities have decided on entry requirements, and 
specifically, what level of mathematics should be acceptable for a BCom 
degree. This paper discusses an analysis of the BCom degree at Nelson 
Mandela Metropolitan University (NMMU), and a comparison between the 
mathematics required in the BCom degree and Mathematical Literacy in the 
NSC. 
 
INTRODUCTION 
For most BCom degrees at South African Universities Grade 12 mathematics 
(in the previous curriculum) was a prerequisite, although the exact mark 
needed differed. Only a small percentage of matriculants satisfied this 
condition. In 2006 only 60% of the scholars writing Grade 12 Senior 
Certificate examinations wrote Mathematics Higher grade or Standard grade. 
Added to this, only 49% of the scholars writing the Standard grade paper 
passed (Subject Results 2006). Hence a large majority of school leavers were 
excluded from BCom studies.   
 
In 2009 the first matriculants from the National Senior Certificate (NSC) will 
be entering university. For the NSC, Mathematics or Mathematical Literacy 
will be compulsory. Universities have set entry requirements based on the 
NSC. These entry requirements depend mostly on the content of these 
courses. No students have completed Grade 12 Mathematics or Mathematical 
Literacy, so the accuracy of the new entry requirements still needs to be 
determined. Early indications are that most universities will accept 
Mathematical Literacy at Grade 12 for a BCom degree. 
 
In commerce, mathematics is being used and applied in numerous new ways, 
and it is important that students be introduced to these new applications 
(Glencross 1990:1). With the change in the mathematical subjects that are 
offered at school, universities need to be aware of the content of these 
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courses as well as the implications it will have on entry requirements and 
content of first year courses.  
 
The purpose of Mathematics in the NSC is to equip the learner with a 
functional knowledge of Mathematics in order to make sense of society, 
provide a suitable range of mathematical skills and knowledge to appreciate 
the discipline itself and to ensure access to extended studies in mathematical 
sciences (National Curriculum Statement Grades 10 – 12 (General), 
Mathematics 2003). The purpose of Mathematical Literacy is to equip 
learners with an understanding of numerical and spatial information 
communicated in tables, graphs, diagrams and texts as well as to develop the 
use of basic mathematical skills to critically analyse situations and solve 
everyday problems creatively  (National Curriculum Statement Grades 10 – 
12 (General), Mathematical Literacy 2003).  The NSC Mathematics and 
Mathematical Literacy do aim for a better conceptual understanding of 
mathematical topics. The effectiveness of the NSC will only become evident 
in a number of years, and it is still up for debate whether Mathematical 
Literacy would be sufficient for prospective business students. 
 
THE BCOM DEGREE AT NMMU 
At NMMU students wanting to do a BCom degree have a choice of 11 
programmes, each with a slightly different curriculum and major subjects 
(Prospectus: Faculty of Business and Economic Sciences 2006:10). The 
focus of this paper will be on the mathematical requirements of BCom 
students at NMMU, excluding students wanting to major in Mathematics, 
Statistics and Computer Science and Information Systems.  A detailed 
analysis was made of the course content the students will encounter, as 
described by Witten (2005:3). The subjects Business Management, 
Accounting and Economics form the core of all these programmes, so 
attention was given to the first year of these three courses. The textbooks, 
study guides and examinations were considered (Marx, Van Rooyen, Bosch 
& Reynders 1998, De Villiers, Prinsloo & Rowlands 2004, Parkin 2005). In 
order to decide if Mathematical Literacy will be sufficient for entry into a 
BCom degree, it needs to be determined what mathematical knowledge a 
learner will need to be able to start the BCom degree. For this reason only 
the first year of these three courses where considered.  Mathematical 
concepts needed in further years of study could be included as part of the 
curriculum during their studies.  
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After this thorough study of the content of first year Business Management, 
Accounting and Economics it became evident that there are many 
mathematical topics that the students would have to be comfortable with in 
order to successfully complete these first year courses. Very few of these 
required topics are of a very difficult nature. The concern is whether the 
students are able to apply the knowledge from school mathematics to the 
contexts where it is required. Even more concerning is whether the student 
will recognise the topic as something with which they should be familiar.  
 
A broad outline of the required mathematical concepts is: 


• fundamental concepts relating to numbers and operations on numbers 


• using ratios in a business context 


• using knowledge of percentages to solve problems in a range of 
different contexts relating to financial issues  


• applying basic algebraic techniques 


• using and manipulating formulas in order to answer questions from a 
variety of contexts 


• using a financial calculator to do basic calculations in a financial 
context 


• using tables and graphs to answer questions from financial or business 
contexts. 


 
COMPARING MATHEMATICAL TOPICS IN THE BCOM DEGREE 
WITH MATHEMATICAL LITERACY 
 
Fundamental concepts relating to numbers and operations on numbers 
From early in their school career, South African students are introduced to 
numbers and operations on numbers. By Grade 4, learners have been 
introduced to different types of real numbers and their properties. Concepts 
like estimation, arranging numbers according to size, rounding off and using 
a calculator should be familiar to the learners by the end of Grade 4.  
 
Basic operations (addition, subtraction, multiplication and division) on real 
numbers (including fractions and decimals) have been covered by the end of 
Grade 6. Learners are also introduced to percentages, finding a percentage of 
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an amount and converting between percentages, fractions and decimals by 
Grade 6.  
 
During Grade 10 and 11 in the Mathematical Literacy curriculum, learners 
revisit topics like estimation, rounding off and basic operations on numbers. 
Basic percentage calculations are done, limited to finding the percentage of a 
number and percentage increases and decreases. 
 
Using ratios in a business context 


During Grade 7, learners start working with ratios, and in Grade 8, 
learners convert units. The Mathematical Literacy curriculum for Grades 
10 to 12 includes ratios as a topic. Learners work with ratios, including 
dividing a number in a ratio. Solving direct and indirect proportion 
questions as well as converting units is also covered.  
 
Using knowledge of percentages to solve problems in a range of 
different contexts relating to financial issues 
The concept of percentages is introduced to learners in Grade 6, but doing 
financial specific percentage calculations are not covered.  In Grade 10 of 
the Mathematical Literacy curriculum, learners are introduced to using 
percentages for profit and loss calculations, cost price and selling price 
calculations and calculating discounts.  
 
Applying basic algebraic techniques 
During Grades 8 and 9, learners are introduced to exponents and 
properties of exponents. Teaching learners to add, subtract, multiply, 
divide and factorise algebraic expressions is also covered by the end of 
Grade 9, (factorisation is limited to common factors and differences of 
squares). It is important to note that learners can progress to Grade 10 
without passing Mathematics in Grade 9, and that the assessment for 
Mathematics in Grade 9 does not include assessment of algebra prescribed 
for Grade 9. 
 
In the Mathematical Literacy curriculum learners cover exponents from 
Grade 11. 
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Using and manipulating formulas in order to answer questions from a 
variety of contexts 
Learners do not work much with formulas before grade 10. In the 
Mathematical Literacy curriculum learners substitute into formulas, 
including simple and compound interest formulas. Changing the subject of 
a formula is not included in the curriculum, learners will calculate the 
values of different variables in interest formulas using the substitution of 
given values. Note that in the compound interest formula, learners will not 
calculate the value of the interest rate or number of years. 
 
Using a financial calculator to do basic calculations in a financial 
context 
From grade 4, learners are using calculators to do calculations, but a 
financial calculator is not used in the school syllabus. This is a skill that 
the students will have to learn, but shouldn’t be to challenging. 
 
Using tables and graphs to answer questions from financial or 
business contexts 


In Grade 7, learners are using tables and graphs to find required information, 
and to answer specific questions relating to the tables and graphs. In the 
Mathematical Literacy curriculum, learners work with tables and graphs, 
reading information from tables and graphs and answering questions relating 
to the tables and graphs. Learners sketch straight line graphs by point-by-
point plotting and calculate gradients.  
 
Learners doing Mathematical Literacy do not learn how to shift graphs, and 
how changes in the variables will affect the graph. 
 
MATHEMATICAL LITERACY AS AN ENTRY REQUIREMENT 
FOR A BCOM DEGREE 
It seems that Mathematical Literacy does cover most of the mathematical 
topics that students will encounter during their first year of Business 
Management, Accounting and Economics. Mathematical Literacy should 
prepare a learner to be comfortable working with numbers. Specifically, this 
learner should not be intimidated by large numbers of calculations, which 
occur in their BCom studies. 
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The main concern is that Mathematical Literacy contains very few algebraic 
concepts. It could be argued that even though the learner will be confident 
with numbers, the possibility of encountering algebraic manipulations in 
their first year courses could be intimidating to the student. Yet, working 
with formulas in Mathematical Literacy could counteract this problem. An 
introductory course might be required to introduce the student to some of the 
required algebraic concepts. 
 
Hence a student with a good result (probably NSC level 6) in Mathematical 
Literacy in Grades 10 to 12 should be able to cope with most of the 
mathematical topics included in first year Business Management, 
Accounting and Economics.  
 
RECOMMENDATIONS 
Hockman (2005:175) argues that the changes of quality and quantity of 
mathematics taught at secondary schools in South Africa in the past decade 
has affected the students’ mathematical readiness for tertiary studies. This 
being the case, the university mathematics departments need to adapt to suit 
these changes. Focusing specifically on BCom students, Pappanastos, Hall 
and Honan (2002:81) suggest that business students do lack the basic 
mathematical skills needed to cope with business related studies. They 
suggest that students should be introduced to a refresher course on relevant 
topics. 
 
It will depend on the individual student if they will be able to apply the 
mathematical knowledge in context. For those students who struggle to 
transfer their school mathematics into the business context some intervention 
may be required. The intervention and support for the students could come in 
many different formats, but it should include an opportunity for these 
students to be exposed, in a business context, to the mathematics with which 
they may already be familiar.  
 
It could be beneficial to these students to do a refresher course in the 
mathematical topics included in first year Business Management, 
Accounting and Economics, in order to become confident with doing the 
required mathematics in context. Specifically working with formulas and 
graphs should be emphasised. This refresher course could take the form of an 
additional course that runs through the year/semester or workshops offered 
before lectures commence. 
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CONCLUSION 
A thorough analysis of the content of first year Business Management, 
Accounting and Economics has revealed that a Grade 12 level of 
Mathematical Literacy should be sufficient for a student to be able to manage 
with most of the mathematical topics that are included in their core BCom 
subjects. Support will probably be needed for most Mathematical Literacy 
students who did not manage to obtain a level 6 (70% - 79%) pass. It is 
essential for the student to have the ability to do large numbers of 
calculations without being intimidated by the mathematics involved. The 
student will need to have the ability to answer questions in a structured and 
organised way, and generally be comfortable with numbers.  
 
Added to this there are some fundamental concepts that the student will have 
to understand, but if a student is able to work in a structured and organised 
way and is generally comfortable with working with numbers, the exact 
content that the student will require is of such a level that if it is a new topic, 
the student should be able to come to grips with it. The essential thing to 
remember is that to properly assist these students with the mathematical 
topics they will need, support has to be offered in context. Whatever 
mathematics is introduced must be linked directly to the context in which it 
will be used in their BCom degree. 
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This article reports on a study that was conducted with 38 teachers drawn 
from a larger sample of 765 teachers who are enrolled for the ACE 
(Mathematical Literacy) programme at UKZN. Responses to various 
questions taken from a test and the final examination in one of the modules, 
based on percent increase and percent decrease were analysed.  The 
questions differed by context as well as levels of difficulty. The aim of the 
study was to identify some difficulties that the teachers experienced with 
such questions.  


The study revealed that teachers experienced difficulty with choosing 
appropriate algorithms when solving problems. Furthermore, certain 
teachers’ poor understanding of the context impacted negatively on their 
ability to answer certain questions. Questions which required multi-step 
solutions also provided particular challenges to teachers in the sample. 
Another finding is that teachers’ previous exposure to certain contexts may 
not necessarily lead to greater facility in solving similar problems based on 
the same context. 


 


 


INTRODUCTION: 
The school subject Mathematical Literacy (ML) was introduced at the grade 
10 level in 2006, and in Grade 11 in 2007. With the advent of ML, there 
have been many training initiatives designed for teachers who have 
themselves just been introduced to the subject. My institution (UKZN) is a 
provider of one of these programmes in the form of the ACE (ML) that was 
designed for practicing teachers who wanted to develop skills that would 
allow them to  teach Mathematical literacy at school level. The ACE (ML) 
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was set up in 2006 and is made up of 8 modules altogether. The study 
reported in this paper, was based on one of the modules called Numbers and 
Operations in Context in ML. 
 
There are numerous research findings about learners’ difficulties with the 
various mathematical concepts covered at school level. Because ML has 
only been introduced to learners at Grade 10 and 11 levels, research in South 
Africa concerning learners’ conceptual difficulties with ML concepts is not 
yet widely available. However an important predictor of learners’ success or 
difficulties in concepts, is the success or difficulties that in-service teachers 
themselves experience. It is therefore important for  us as Mathematics 
educators to identify areas in ML  that teachers are struggling to learn and 
apply- this  A further reason for researching teachers’ understanding of the 
concepts is that, such findings will inform the development and refinement 
of  our teacher training initiatives both in mathematics and ML.  
Furthermore the results of this study will extend our knowledge concerning 
the issue of what knowledge teachers need to facilitate the learning of ML 
with their Grade 10-12 ML learners.  With this in mind, the study reported in 
this paper set out to identify teachers’ difficulties with certain mathematical 
literacy content and contexts.  
 
Let us consider the definition of Mathematical Literacy:  


 
Mathematical literacy is a subject driven by life-related applications of 
mathematics. It enables learners to develop the ability and confidence to 
think numerically and spatially in order to interpret and critically analyse 
everyday situations and to solve problems. (DoE, 2003, p.9) 
 


Bowie and Frith (2006) point out that the above definition specifies three 
elements of ML- the content, the contexts and the abilities and behaviours 
that a mathematically literate person will exercise. Content and context are 
inextricably intertwined as can be determined from the following statement:  
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When teaching and assessing Mathematical Literacy, teachers should 
avoid teaching and assessing content in the absence of context. At the 
same time teachers must also concentrate on identifying and extracting 
from the context the underlying mathematics or ‘content’.  (DoE, 2007, 
p.7) 


 
With such a stipulation about the relationship between content and context, 
the advent of a subject such as Mathematical Literacy offers mathematics 
educators a rich opportunity to deepen their own understanding about 
learners’ engagement with certain mathematics concepts. Most mathematics 
topics have been exhaustively researched, and now Mathematical Literacy 
offers a chance to re-examine some of these research findings in the context 
of how understanding of these concepts are constrained or supported by the 
contexts in which the content appears, and also offers new opportunities of 
studying mathematical thinking within such contexts.  
Of significance in this study, is the assessment taxonomy (DoE, 2007), 
which provides for assessing 4 levels of thinking in ML. These are:  
Level 1: Knowing,  
Level 2: Applying routine procedures in familiar contexts,  
Level 3: Applying multi-step procedures in a variety of contexts,  
Level 4: Reasoning and reflection. 
The intention is to start unpacking the meaning of the thinking levels, 
thereby adding to knowledge about the challenges of assessment in ML. In 
particular I am concerned about what it means to classify contexts as 
“familiar contexts” as in Level 2 of the Taxonomy, as well as the finding a 
place in the Taxonomy for the skill of selecting the appropriate procedure to 
solve a context based problem  
 
With a context-driven task, there are a few challenges (or steps) involved in 
solving such a task. One challenge is that of extracting or recognising the 
relevant information that is needed to solve the problem. A second challenge 
in solving real–life tasks, involves the ability to make certain assumptions 
about the context in order to render the problem solvable. The next challenge 
involves the choice of the appropriate mathematics procedure and thereafter 
the next step is to perform the relevant mathematics procedure or algorithm 
accurately. A final step is to check whether the solution makes sense in the 
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context. All of these steps are cyclical and support one another, because you 
cannot carry out the algorithm if you do not have sufficient information, and 
you will not know whether you have sufficient information or not, until you 
decide on the appropriate mathematical procedure that will allow you to 
solve the problem. This mutually constitutive relationship between the key 
elements illustrates the complexity of solving problems based in “real life” 
contexts as compared to carrying out a de-contextualised mathematical 
algorithm or procedure.  
 
A stipulation in the Subject Assessment Guidelines for Mathematical 
Literacy (DoE, 2007, p.7) is that “Assessment tasks should be …based on 
real–life contexts with real–life data and should require learners to select and 
use appropriate mathematical content in order to complete the task” (italics 
mine). However there is a complete absence of how the skills of “selecting” 
appropriate mathematical procedures will be acknowledged. The first level 
of judgement in any contextualised mathematics assessment task should be 
whether the learner has been able to select an appropriate or relevant 
procedure or algorithm and then only can the use of the algorithm be 
assessed. However, use of the procedures, is placed at Level 1 of the 
taxonomy, while selection of an appropriate algorithm is absent from the 
levels of assessment. 
 


THE STUDY: 
Design of the study 
A sample of students responses to Test 1 and the Final Examination for the 
module Numbers and Operations in ML offered in semester 1 of  2007  were 
analysed. Please note that the words “student” and “teacher” are used 
interchangeably in this study because the participants were students who 
were enrolled for the ACE(ML) programme, each of whom is a practising 
teacher.  The sample was drawn from the larger group of 765 students who 
wrote the examination. The sample used, comprised two of the 24 classes in 
the group. There were 48 students in the two classes, however this number 
decreased after the process of matching the test and exam scripts brought the 
number to 38. The central research question guiding this study was:  
What are some difficulties that teachers have with questions on percent 
increase and decrease, set within different contexts?  
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A choice was made to explore teachers’ differential responses to questions 
based on percent increase and decrease, which seems to be a simple 
mathematical concept which is usually studied at primary school level. The 
concept of percent increase and decrease (LO1, assessment standards 10.1.1 
and 11.1.1) has wide applicability to various contexts affecting our lives. By 
considering selected items which differed in mathematical complexity as 
well as in contextual settings, I hoped to identify areas of difficulty that 
teachers have, as well as to develop a deeper understanding of some of the 
complexities involved when similar concepts appear in different contexts. 
 
A naturalistic inquiry was used as it has an emphasis on interpretive 
dimensions where the goal of the researcher is to understand reality (Cohen, 
Manion & Morrison, 2000).  According to Cohen et al. (2000), the 
interpretive research paradigm assumes that people’s subjective experiences 
are real. The teachers responses to the selected questions based on percent 
increase and percent decrease were analysed using qualitative methods. 
Categories were identified in an inductive manner and then the responses 
were coded according to these categories which enabled me to find some 
answers to the central research question. 
 
Research about learners’ engagement with percent increase and percent 
decrease problems are usually conducted at the primary school level, which 
is when these concepts are encountered. The typical percent increase or 
decrease problem encountered at primary school level involves what I call a 
Type 1 kind of problem that I describe below: 
 
Type 1 percent problems: Those questions where the original amount and 
percent increase or decrease is given and students are required to find the 
final amount. For example, a typical Type 1 question would be:  “I received 
a 10% increase in my salary. If my salary was R8 000, what would be my 
new salary?”   
 
A solution to this question, is the numerical calculation: R8000 + 10% of 
R8000 = R8 800.  Type 1 questions could be of an additive nature like the 
example given where the original amount is increased by a certain percent. It 
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could also be of a subtractive nature, if the original amount is decreased by a 
certain percent.  
 
The test items in the module assessment offered an opportunity to look at the 
teacher’s understanding and use of the percent problems such as those of 
type 1 but also another Type , which involves algebraic reasoning and which 
I refer to as Type 2:  
 
Type 2 percent problems: Those questions where the final amount and 
percent increase or decrease is given, and students are required to find the 
original amount. The solution to a Type 2 item is a bit more complicated 
than for a type 1, because it requires algebraic reasoning. A typical Type 2 
question would read: “I received a 10% increase on my salary.  If I now earn 
R8000, what was my starting salary?” 
In solving this problem, the most common approach would be to let the 
Starting Salary be represented by a variable, say s, which would then be used 
to form the equation  s + 0,1s = R8000 which simplifies to the equation: 1,1 
s = R8000, leading to the solution  s = R7273.  Learners who have not yet 
been exposed to the power of algebra  primary school level could still  work 
out the question using proportional reasoning – that R8000 actually 
represents 110% of the starting salary and thereafter calculating that 100% 
of the original salary would be R8000/ 110%. 
Type 2 questions (like Type 1) could be of an additive nature if it involved a 
percent increase of the original amount or of a subtractive nature if it 
involved a percent decrease of the original amount. 
 
In this study, I analysed 6 items which were a mixture of Type 1–additive, 
Type 1–subtractive, Type 2–additive and Type 2–subtractive. The first two 
questions were taken from the first test and the other four questions from the 
final examinations. Please note that these questions appeared as sub-
questions of larger questions, which I have not reproduced here because of 
space constraints and also because I was only concerned with percent 
increase and decrease problems. The questions appear in normal font and the 
italics are used to explain certain points about the particular questions. 
 







Test Items analysed 
Question One:  
 
The graph below shows the monthly inflation rates over the period January 
2002 to December 2005. For example, the monthly inflation rate for January 
2002 was 5%, while for February 2002 it was 5,9 %. Study the graph and 
answer the questions that follow. 
 


 


 
 
In January 2002, my daughter’s school dress cost R110.  How much could I 
expect to pay for the dress in January 2005?      (3) 
[This question appeared in the test] 
Question Two:  
 
How much would you have expected the dress to cost in January 2001? (3) 
[This question followed on from Q1 in the test, and referred to the same 
inflation graph, provided for Question 1.] 
  


7 
 







8 
 


 
Question Three   
 
In March 2003, my new car cost R55 000. What would I have expected to 
pay for a new car of the same make in March 2005?     
  (6) 
[This question appeared in the final examination, with the same graph of 
monthly inflation figures, provided at the beginning of the question.]  
 
 
Question Four 
 
Thina was overweight. The doctor recommended that she bring down her 
weight by going on a diet for two months. At the end of the two month 
period Thina‘s weight was 95 kg. Thina was happy because she calculated 
that her weight had been reduced by 10%. What was her weight before she 
went on diet?          (4) 
[This question appeared in the final examination. The full question appears 
at the end of this article.] 
 
Question Five 
 
[Questions 5 and 6 formed part of a larger set of sub-questions from the 
examination and did not follow on directly from each other. The question 
dealt with the cost of various telephone calls made from a cell phone 
contracted to the Cell C service provider. The question had a table with a 
list of calls, with their duration and their times. A Cell Cl phone rates 
brochure was also provided containing information about the various rates. 
The first few questions dealt with calculation of telephone calls which 
appeared in the list. The full questions appear at the end of the article.] 
All prices quoted include VAT which we know is 14% in South Africa. 
What was the cost of the same call from Q5.1., before the VAT was added?  
           (4)  
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[The examination question preceding this one, asked for the cost of a 
particular call from the given list]  
 
Question Six 
 
[This question was based on the same information provided in Question 
Five above, and followed on from a question which asked for the calculation 
of a call to London from a cell phone.] 
The advertised 10% discount on International calls means that the Telkom 
portion of the cost is reduced by 10%. Calculate the cost of the call, 
calculated in 5.3.1 when the discount has been taken into account.   (3) 
 [The examination question preceding this one, asked for the calculation of 
the cost of a call from a cell phone to London, which required the addition 
of the connection cost from Cell C to Telkom and the Telkom- London cost- 
see original question at the end of this article] 
 
Suggested Solutions to the six tasks:  
 


Question 1 
In Jan 2003, the dress 
would cost (approx) 
R110 + 11,6 % (R110)= 
R122,76 
In Jan 2004, the dress 
would cost (approx) 
R122,76 + 0,2 % 
(R122,76) 
= R123, 01 
In Jan 2005, the dress 
would cost (approx) 
R123,01 + 
3%(R123,01)=R126, 70 
 


Question 2  
The dress cost R110 in 
January 2002. We do 
not know how much it 
cost in Jan 2001. So 
Original Amount + 5% 
of Original amount = 
R110 
So 105 % of Original 
Amount = R110 
Let the original amount 
be A 
Then 1,05 A  = 
R110/1,05= R104, 76 
 


Question 3  
Cost of car in March 
2004 = R55 000 + 0,5 
%  of R55 000=  R55 
275 
Cost of Car in March 
2005 = R55275 + 3 % 
of R55 275 
= R 56 933, 25 
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Question 4  
Let Thina’s original 
weight be W. Then: W – 
10 % W = 95kg  0,9 
W= 95 kg 
W= 95/0,9 
= 105,5 kg. 
 


Question 5  
Cost + 14% of Cost = 
26,55 
1,14 of Cost  = 
R26,55 
Cost  = R26,55/1,14 
= R23,29 
 


Question 6  
Telkom Cost =R62,70 
Discounted Cost = 
R62,70– 10% of 
R62,70= R56,43 
Cell C charge= 18,65 × 
R1,85= R34,50 
Total 
Cost=R56,43+R34,50 
 = R90,93 
 


Table 1: Solutions to the tasks 
 
Categorisation of Tasks 
The following table contains a summary of the questions, with respect to the 
Type, the mathematical complexity and the context, 
Question Description Mathematical 


Complexity 
Context 


1 Type 1–additive  
 


3–step  Inflation figures 
provided in a graph 


2 Type 2–subtractive,  
 


1–step  Inflation figures 
provided in a graph 


3 Type 1–additive 
involving a 2-step 
calculation 
 


2–step  Inflation figures 
provided in a graph 


4 Type 2–subtractive 
 


1– step  Context of weight 
loss 


5 Type 2 –additive 
 


1–step  Telephone costs 


6 Type 1–subtractive.  3–step Telephone costs 
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Table 2: Description of questions 
 
The analysis involved an item by item analysis of students responses. This 
involved identifying categories suitable for each question and then 
categorizing the students responses accordingly. Some categories were then 
expanded to fit across more than one question, however it was not possible 
to have common categories across all 6 questions.  
 


RESULTS:  
Results for questions set in the inflation context: 
 


Question/ 
categories 


Type 1 
add(+)/su
bt (−) 
with infl. 
rate of 
final year, 
1-step 
calculatio
n 


Type 1 
add(+)/subt 
(−) using 
diff. in final 
and initial 
rates ,1-step 
calculation 


Incorrec
t 2–, or 
3–step 
solution 


Correc
t 


Others  


Question 1 (+) 15 


(−)  6 


(+ )3 


(− ) 3 


3 separate 
step calc-
no carry 
over : 1 


3 step 
simple 
interest 
calc using  
the infl. 
rate of  
final year, : 
1  


0 Comp. Int 
formula 
using infl. 
rate of final 
year:1 


Prop. Arg: 2 
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Question 3 (+) 16 


(− ) 7 


(+) 3 


(− )4 


(+) sum of two 
inflations: 1 


Used 10; 5 
then 3%:1 


Used 10,2; 
10,2;then 
2,8: 1 


2 step 
using the 
Mar03 and 
Mar 04 infl 
rate:1. 


 


4 CI: 1 


(+)Vat rate: 1 


(+) rate of 
initial 
year(Mar04): 
1 


 
Question 2  (−)Jan05 % 


rate :3 


(+) Jan05 
rate: 1 


(+)Jan02 % 
:1  


(−) Jan02%: 
12 


 


(–)diff between 
Jan05 & Jan02 
rates: 3 


 


 1 CI: 1 


Prop Arg: 1 


 (−) other %: 
8 


+ other %: 4 


Amts given 
with no calc 
of infl rate%: 
4 


 Table 3: Results for questions set in inflation context: 
 
The first column of Table 3 indicates the number of students who added or 
subtracted the percentage of the cost by using a 1-step Type-1 strategy, by 
considering the inflation rate of the final year. For Question 1, there were 15 
people who used a 1-step percentage increase and 6 who did a 1- step 
percent decrease method, using the Jan 2005 inflation rate (3%). For 
Question 3, there were 16 students who used the percent increase method 
with the Mar 2005 inflation rate (3%), while 7 did the percent decrease 
strategy. For Question 2 which required the initial cost in Jan 2001, given 
the cost in Jan 2002, 3 people subtracted the amount relating to the Jan 2005 
inflation rate (3%), which was irrelevant to the question. One student added 
the amount corresponding to the Jan 2005 inflation rate. Also for Question 2, 
twelve students subtracted and one person added the amount corresponding 
to the Jan 02 inflation rate (5%) by using a Type 1 strategy. The algorithm 
used is incorrect because Q2 required a Type2– subtractive strategy. It is 
also pertinent to note that in 2 cases, they did a Type-1 subtraction of the 
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same amount that they had done a Type-1 addition in Q1 for, showing a 
limited understanding of the inflation rate as being constant from year to 
year.  
 
The second column is concerned with the numbers of students who took the 
difference in the two inflation rates and then did a Type 1−additive or 
subtractive strategy. It is interesting to note that, for Question1, 6 people did 
a Type1 strategy using the difference between the two inflation rates. For 
Question 3, we find that 7 people opted for a Type1 strategy again, even 
though this question appeared in the examination, which was after they 
would have discussed solutions to Question 1 which had been in the test.  
One student added the two rates and then did a Type1− additive method. For 
Question 2, there were 3 people who did a Type 1–subtractive strategy by 
taking the difference between the Jan05 and the Jan02 rates. This tendency 
to force in the use of the two inflation rates for the dates appearing in the 
question, demonstrates a poor understanding of the concept of inflation. It 
suggests that these students recognized that they needed to fit in the 
information about the two rates into their solution and decided (in 
desperation ?) to then subtract or add them to generate one rate with which 
to do a Type-1 strategy.  
 
The 3rd column counts the number who did a 2- or 3-step percent increase 
strategy, without carrying the new amount forward each time- just a repeated 
application of the Type -1 addition algorithm operating on the same initial 
amount. For Question 1, one person did a 3-step Type-1 strategy, but started 
each step with the same original amount. One person did a 3-step calculation 
in the same way that simple interest is calculated on an original amount — 
by taking 3 times the interest amount per year and adding it to the original 
amount. The person used the inflation rate of the final year, Jan2005 (3%). 
For Question 3 
 
In the “others” column, it is of interest to note that 3 people altogether  used 
the  Compound Interest (CI) algorithm in these questions and 3 used a 
proportional argument of the type– R110: 5% and  x : 3% .   
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Overall, it is important to note that up to twenty students (9 in Q1 and 11 in 
Q3) were so convinced that the price of goods had decreased, that they 
performed the Type- I subtraction algorithm. It is also pertinent that most 
students were familiar with the procedural Type 1 algorithms, but could not 
perform the more algebraic Type 2 strategies. There were some students 
who used methods that did not make any sense. For example, in Q2, 1 
student wrote:R110 ÷ 12 = 9 x 12 = R108.  
 
In terms of the numbers who resorted to using a 1 step solution, 28 students 
did a 1-step percent increase or decrease calculation utilising various rates 
for Q1. For Q3,  there were 33 students who performed a 1 step percent 
increase or decease calculation. 
 
Table 3 also reveals that there was no big improvement in the performance 
of students in Question 1 (from the test) when compared to Question 3 
(exam). These two questions were almost identical, with Question 3 being 
less difficult than Question1 on account of it involving two instead of three 
steps. My expectation was that students would perform much better at Q3, 
having experienced Q1 in the test already. In fact their encounter with Q3 in 
the exam was their third, having had a question identical to Q1 in their 
guides, except for differing numerical values. However only 4 students got 
Q3 fully correct (as compared to 0 for Q1). The person who used the CI 
algorithm for Q1 did the same strategy for Q3. Across each of the columns it 
can be seen that the error patterns for Q1 are very similar to those for Q3. So 
for this group of students, a previous experience of a multi-step percent 
increase question set in the context of inflation did not make much 
difference to their understanding when they encountered a similar problem 
the second time around. 
 
In summary ,the main problems highglighted by the table3 were: students 
poor understanding of the inflation context, students’ choice of incorrect 
algorithms, students’ carrying out of  procedures which made no sense in the 
context of inflation as well as students doing a 1step calculation instead pf 
the 3 or 2 steps that were required.   
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Results for Type 2 items: Asking for an initial amount, when the final 
amount is known 
 
Q/Category Type 1 add 


(+)/subt (-)with 
correct % 


Type 1 
add(+)/subt 
(-) with 
irrelevant%


Correct Other 


Question 2 


 


 


 (− ): 12 


(+): 1 


(+): 5 


(− ): 14 


1 CI: 1 


Prop Arg: 2 


Other : 2 


 


Question 4 (+): 21 


(− ): 7 


 4 kg - %: 2 


Prop Arg:1 


Type–2 additive strategy: 1 


 


Question 5 


 (−): 24  Totally 
Correct or 
correct  
method: 6 


Amt × 14/114: 1 


Rands - %: 1 


Amt/114: 1 


 


Table 4: Results for type 2 questions 
 
Table 4 shows the results for the three questions requiring a similar Type 2 
algorithm, but set within three different contexts. Question 2 was in the 
context of inflation, where the price of the item and the inflation rate in Jan 
2002 was known, and the question asked for the price in 2001. Question 4 
was in the context of weight loss. Given the final weight after losing 10 % of 
her weight, the student was required to find Esme’s original weight. 
Question 5 required the student to work out the cost of a call without VAT, 
given the total cost, including VAT. It is pertinent to note that for Questions 
4 and 5 nobody utilized an incorrect percentage from the context- even 
though their algorithm may have been unsuitable. However for Q2, a major 
hurdle was the extraction of the correct inflation rate from the context − only 
13 students recognized the 5% as the percentage rate that should be used, of 
these, 1 person then did a Type-1 additive strategy. There were 19 students 
who used an irrelevant inflation rate in their calculation. 
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It is also interesting to note that for Q5, 30 students recognized that a 
percentage decrease was involved, and in fact all the students (33) who 
attempted Q5 provided calculations which resulted in a figure less than the 
given final amount. For question 2 however, many (6) students did not 
recognise that the required answer should be smaller than the given amount 
which was the final price. For question 4 as well, many (7) did not 
understand that the required amount should be larger than the final amount. 
Students did not have such a problem with Q5 — most students recognized 
that the required amount needed to be smaller than the given amount, 
although most used the incorrect algorithm. For Question 5, there were 7 
students who seem to have recognized that a type-2 strategy was necessary, 
however one incorrectly carried out the type-2 additive (divided by 114 
instead of 1,14). 
 
It is significant that some students choose inappropriate strategies such as 
Compound Increase or proportional reasoning to solve problems based on 
percent increase or    decrease (there were 7 instances of this).  
 
In summary: For questions 4 and 5, nobody used an incorrect percent in their 
calculation, while for Q2, there were 19 students who used an incorrect 
percent in their calculation. This reveals that extracting the correct inflation 
rate was a major problem for students in Q2, probably because there were so 
many different rates to choose from in the graph, and the students 
understanding of inflation was not wide enough to enable them to choose the 
correct rate.   
Results for Question Six 
 (− ) 


10% of 
total 


(− ) 10% of Telkom 
portion but did not 
add Cell C to Telkom 
connection fee 


Added the 
connecting 
fee 
incorrectly 


correct Other 


Question 6 14 10 4 0  Amt –(10%/amt x 
100):1 


Rands - %:1 


Found 10% of 
Telkom per minute 
charge:1 


Table 5: Results for Question 6 
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In Table 5, the first column reveals that 14 students subtracted 10% of the 
amount from the total charge. The second column shows that 10 subtracted 
10% of the Telkom portion, but did not add the connecting fee from Cell C 
to Telkom. The third column shows that 4 calculated the correct Telkom 
discounted rate, but added the Cell C-Telkom connection fee incorrectly. 
The Other column shows three inappropriate responses. One of the students 
seems to have started by finding 10% of the Telkom per minute rate, but did 
not continue. This table therefore reveals that most students did not have a 
problem with choosing the correct percent decrease algorithm and carrying 
out the algorithm correctly on the amount they chose to use as their starting 
point. However with this task, the main problem was that teachers did not 
utilise all the contextual information appropriately. There are two possible 
reasons for this-  either the teachers misunderstood the instruction and read it 
as asking for a calculation of a 10% discount of the total, or they did not 
understand the billing system used for making overseas calls from a Cell C 
phone. I will use results from a question preceding Q6 in the examination to 
gain insight on whether it was linked to a misunderstanding of the context or 
a misunderstanding of the instruction. The question appears at the end of this 
article. The task was to calculate the Cell C – London call and involved 
working out the Cell C–Telkom connection which is charged per second and 
adding that to the Telkom–London connection which is also charged per 
minute.  
 
For those teachers, whose responses fell in Column 1, Column 2, and 
Column 3 respectively of Table 5, 6, 3 and 4 of those teachers, respectively, 
used the correct method for the exam question preceding Q6, showing that 
they understood the two step connection billing system used. These 13 
teachers had used the correct method of calculating the overseas call from 
Cell C to London by first calculating the Cell C- Telkom charge and then the 
Telkom –London charge. These 13 teachers understood the contextual 
information regarding the billing system used for a call from a cell phone to 
London. However the fact that they did not get Q6 correct then implies that 
they misunderstood the instruction of Q6, even though they understood the 
billing system that was explained in the question.  
 
However there were other teachers who did not understand the overseas 
billing system used. There were 8, 5 and 1 teachers from Columns 1, 2and 3 
respectively who had only considered the Telkom portion of the bill in the 
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exam question preceding Q6. So these 14 teachers were unable to extract all 
the information that was needed to calculate the Cell C-London call charge. 
The responses to Q6 from these teachers then reveal that they were able to 
correctly identify the appropriate algorithm, but were unable to apply it 
correctly because they did not understand the telephone billing system that 
was used for a Cell C-London call, even though all the necessary 
information was provided. They failed to extract the relevant information 
from the real life data that was provided.  
 
A related concern is about those teachers who make fundamental errors such 
as subtracting two different quantities (kg - % or rands - %). If an ML 
teacher has problems with identifying relevant procedures, then this 
incorrect reasoning would have a negative ripple effect on his classes.  
 


 DISCUSSION 
In this discussion, I first provide answers to the research question using the 
data, by highlighting 3 main difficulties that the teachers had with the 
questions. Thereafter I raise some issues highlighted by this article with 
respect to the ML assessment taxonomy. 
  
Answers to the research question: What are some difficulties that 
teachers have with questions on percent increase and decrease, set 
within different contexts?  
 
Broadly, this study reveals three kinds of difficulties that teachers 
experienced.  
1. Many teachers did not recognize items that required a 2- or 3- step 
solution and presented  1- or 2-step solutions instead. 
This was noticed in the responses to Questions 1 and 3 set within the 
inflation context (Table 3). For Q1, which required a 3 step solution, 1 
person presented a solution with 1 step performed three times, each time 
doing a percent increase strategy on the same initial amount and another did 
a simple interest type of calculation over three years. No other student did a 
3-step calculation. There were 28 students who performed a 1 step percent 
increase or decrease calculation For Q3, which was a 2-step calculation, 4 
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students were correct, and 1 student did a 2-step calculation using 
inappropriate inflation rates. An interesting finding is that 2 teachers did a 3-
step calculation, probably because of their previous exposure to Q1 in the 
test. 
 
A third example of this difficulty was revealed in Q6 (Table 5), which 
required a 3-step calculation. Firstly, the Telkom cost needed to be extracted 
from a previous problem, thereafter the Type1 subtraction - calculation 
needed to be done. Finally the Telkom- Cell C connection charge would then 
have to be added back to the value. Here 14 people did a 1-step Type 
1subtraction strategy on the total and stopped there. Ten people did a 2-step 
calculation by first isolating the relevant Telkom amount and then 
performing the Type1 subtraction calculation, without doing the 3rd step, 
which involved adding the Cell C–connecting fee.  
 
This reveals that teachers found questions which had multi steps difficult. In 
fact only 4 students were able to get the two-step Question 3 correct and 
nobody got either Q1 (3-step) or Q6 (3-step) correct. One lesson that was 
learnt by the module coordinators from this analysis is that such questions 
could be scaffolded by first asking students to find increased costs (with 
respect to inflation) over a one year period before asking them to calculate 
increased costs over a 2 or 3 year period.  
 
It is evident that previous encounters with certain contexts may not render 
these “familiar” to students.  Questions 1 and 2 were taken from students’ 
notes with the numerical information changed. The module coordinators 
assumed that the use of a context that appeared in their notes, would mean 
that students would recognize the context as familiar and would hence find 
the questions easier to answer than other more unfamiliar contexts. When 
students worked with Question 3 in the examination, they would have 
encountered the context and an identical question, twice before- once in their 
notes and once in the first test. However, only 4 students were able to 
correctly answer the question. This means that their previous experience 
with the context did not make it easier for them to answer similar questions 
based on the same context. One aspect that has not received attention in this 
study is the role of the tutor. Perhaps students did not receive feedback on 
their responses to Q1 from the test, or they were not granted an opportunity 
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to revisit the items that they found difficult in their class. The study suggests 
that just seeing a context again does not make it any more familiar, and 
unfamiliar contexts need active mediation by the teacher (or tutor) to help 
learners understand the context better. This raises important questions with 
respect to the Ml assessment taxonomy which describes the second level as 
“applying routine procedures in familiar contexts”. The notion of whether, a 
context is ‘familiar’ or not, can not simply be assumed on the basis of 
previous encounters. So questions that need further research in ML are : 
What does ‘familiar’ in the assessment taxonomy mean? and; When can  a 
context  be considered as ‘familiar’ to learners?   
 
2. Many teachers did not choose appropriate algorithms. 
This problem was evident across the first 5 questions. For Questions 1-3 ( 
seeTable 3) , some teachers chose to perform a proportional argument, 
revealing a misconception that inflation increased proportionally. Some 
teachers chose to use the compound increase strategy for Questions 1-3, 
showing their interpretation of the rate of inflation as being constant. 
Furthermore for Q2, two teachers did a percent decrease strategy on the cost, 
as a “reversal” of the percent increase that they had done in Q1- this also is a 
demonstration of a misconception of the inflation rate being constant across 
the years.  
 
For questions 2, 4 and 5 (see Table 4) which required a Type 2- subtraction 
or addition strategy, there were only 11 instances ( with some having 
calculation errors) of the Type 2 strategy. Most other students opted for a 
Type 1 strategy. Choosing a Type 1 strategy instead of the correct, but more 
mathematically demanding Type 2 strategy reveals that the teachers did not 
have a deep understanding of the concept of percent increase or decrease.  
 
One concern is when teachers perform illegitimate operations such as adding 
rands to percentages or subtracting percentages from kilograms. One teacher 
wrote “ 110 ÷12= 9 Then 9×12 =R108”  in response to Q2. His response to 
Q3 was”95kg- 10/100 =85kg” For Q5 and Q6 ( e.g., R1,85 -10% = R1,75) 
he exhibited the same misconception of taking the percentage as a quantity 
that could be added and subtracted from the original quantity. This 
demonstrates a very poor grasp of basic calculations, and raises concerns 
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about how these teachers would foster mathematical literacy skills with their 
learners, when they struggle with numerical calculations.  
 
3. Many teachers’ poor understanding of the context impacted negatively 
on their problem solving.  
This problem manifested itself across questions1,2,3,4 and 6. For Q6, the 
discussion, following Table 5, revealed that 14 teachers did not understand 
the billing system used for overseas calls made from a Cell C phone.  
A similar problem of poor engagement with the context was demonstrated 
with Q4. This question asked for Esme’s initial weight which was higher 
than her present weight. At least 6 students  did a calculation involving 
subtraction, and ended up with  a quantity less than her present weight.  
  
With Questions 1and 3, many students (20 instances in table 3: 9 in Q1 and 
11 in Q3) ended up with an amount smaller than the initial amount. This 
reveals that they did not understand inflation as a measurement of the rate of 
change in prices of goods over a fixed period. Those students who subtracted 
the amounts corresponding to the difference in inflation rates demonstrate 
that they expected the price of goods to decrease by the difference in 
inflation rates. It was perhaps a recognition that the initial and final inflation 
figures should be taken into account, and the only way they could was to 
find the difference (and in 1 case, the sum) of the two figures. These 
students saw the inflation rates as numbers which could be subtracted 
without judging whether a subtraction could make sense in the context of 
inflation. These students thus had a very weak understanding of what the 
figure represented by the inflation rate meant.  
In order to gain a deeper insight into what impressions these students had 
about inflation, I present a few comments that they wrote in response to an 
examination question which asked : “What does it mean when we say the 
year on year inflation rate measured in January 2002 was 5%?”. Some of the 
students who subtracted amounts from the initial amounts appearing in Q1 
or Q3 responded thus:  
 1.“purchasing power of money is 5% below the average price of 


goods” 
 2. “Goods were approximately 0,05 cheaper”  
 3. “Price of goods were low at that time” 
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 4. “Buying power was 5% at that time” 
  
In other questions, comments that were made :  
1.  “I agree [prices should come down] because Oct 2002- 13% ; Oct 


2003- 0,5%.” 
2.   “…even if inflation decreases, the prices of goods should stay the 


same”  
3. Prices of goods does not decrease but may remain the same to 


maintain profit  by businesses”  
4.  “This means that there was a drop in inflation of 2% therefore the 


dress would  cost less”. 
5.  “[There was a] …drop in inflation rate and the goods price should 


go down.  
These comments further demonstrate the weak understanding of inflation, 
that many of the teachers had, which compromised their attempts at 
engaging with the tasks set within the inflation context. In the previous 
section, it was also revealed that students’ previous exposure to the 
questions set within the inflation context, did not make a big difference with 
only 4 students providing a suitable response even though it was the third 
time that such tasks set within the inflation context was encountered.  
In the absence of a robust understanding of the concept of inflation, teachers 
possibly looked for other cues, one of which was the fact that the graph of 
inflation rate figures showed a decrease over certain time periods. This could 
be why 20 students (9 in Q1 and 11 in Q3- see Table 1) were so convinced 
that the price of goods had decreased that they did a Type 1-subtraction 
strategy. In this case, the graph of the inflation rate decreased in the two 
periods under consideration ( Q1- Jan 02 to Jan 05 and Q3- Mar 2003 to Mar 
2005). These students seemed to have used an “intuitive rules” approach 
(Tsamir, 2007; TIrosh & Stavy, 1999) to deduce that since the first quantity 
(inflation) decreased, the second quantity (price of goods) would also 
decrease.  
Bowie and Frith (2006, p.33) comment that  in their study of mathematical 
literacy students“…one of the key problems we came up against …is that in 
order to mathematise a context one needs to have a good understanding of 
the context.”  Their comments are supported by the data in this study which 
shows that a poor knowledge of the context meant that teachers were unable 
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to judge when their algorithms did not fit the context. Neither were they able 
to recognize solutions that were inconsistent with the context. 
 
A second look at the assessment taxonomy 
The ML assessment taxonomy (DoE, 2005) is very similar to a usual 
mathematical knowledge rubric- it emphasises knowledge and application of 
procedures and differentiates between levels of understanding of a procedure 
(Bansilal and Msomi, 2006). The first three levels are focussed on the 
procedure – knowing the procedure and applying the procedure. Of course it 
does have a fourth level of reasoning and reflection which can be interpreted 
in very different ways. So there seems to be a mismatch between the ML 
taxonomy of levels of understanding in ML and the emphasis of the 
curriculum documents on the interplay between context and content.  
An important question that does arise from this study is: How do we assess 
Level 1 of “knowing”. With the assessment taxonomy, “knowing” 
constitutes 30 % of the examination for ML in Grade 12. The outcomes for 
the “knowing level” include calculating using basic operations, estimation, 
rounding off, calculating a percentage and measurement (of what?) Knowing 
and using vocabulary, knowing and using formulae, and reading information 
directly from tables (DoE, 2007). It is unclear whether these low levels of 
mathematical skills will be assessed in a de-contextualised setting or in 
contexts which have been simplified to ensure that the extraction of the 
information is uncomplicated. However because of the emphasis on the non- 
separation of the context- content in ML, the designing of assessments at the 
knowing level will be challenging.  
In our sample most students were able to perform the Type 1 algorithm- so 
they knew the procedure. However in most cases, students performed the 
incorrect Type 1 strategy when they were supposed to use the Type 2 
strategy (Q2, 4, 5).  If a person chose the wrong algorithm but completed it 
correctly – would that constitute a demonstration of knowledge of the 
algorithm? It cannot, because the correct procedure depends on the correct 
identification of the relevant quantities that need to be operated on via the 
algorithm.  This demonstrates that the knowing level is intertwined within 
the context. The NCS cautions us that “ …teachers should avoid teaching 
and assessing mathematical content in the absence of context. At the same 
time teachers must also concentrate on identifying in and extracting from the 
contexts the underlying mathematics or ‘content’ (DoE. 2005, p. 7). This 
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raises many questions for us, the first of which is: How do the first two 
levels (“knowing” and “applying routine procedures in familiar contexts”) of 
the taxonomy differ? The assertion by the DoE that no assessment of content 
should be done in the absence of context, then contradicts the presence of 
these two distinct thinking levels. If there is no assessment in the absence of 
context, then it suggests that there is no distinction between the first two 
levels. This study reveals that a 3 step question like Q1 as well as the Type 2 
algorithms were inherently more difficult to perform and are not “routine” 
procedures. Does this then imply that only knowledge of the simplest 
algorithms can be considered in the Level 1 category? Furthermore does it 
imply that this level can only consider algorithms which arise from the 
simpler contexts?   
A further comment is that there is an absence in the levels of the taxonomy 
concerning the process of extracting the mathematics from the context, and 
the making of judgments about the most suitable mathematical procedure for 
the given context. For Q2, which required a Type 2 strategy, many students 
used a Type 1 subtractive strategy using the correct inflation rate. The 
differences in the answers obtained were minimal. The correct answer 
should have been R104,76. However those students who used the Type 1–
subtractive strategy obtained the answer R104,50. In a mathematics 
assessment, such a response would be considered as completely incorrect 
because the strategy resulted in an inaccurate amount. Now let us consider a 
generalisation of the situation represented by Q2: Given a final amount X 
which has been increased by 5%, then the original amount, P, using a Type 
1- additive strategy would be P = 0,952X,while a Type2- additive strategy 
would result in P = 0,95X, a difference of 0,002.  Is this a significant enough 
difference or is it insignificant enough to value the Type 1 strategy as helpful 
in obtaining an estimate? How important is accuracy in ML? Is accuracy as 
crucial as it is in mathematics, or can certain algorithms be seen as slightly 
more acceptable than others because they result in answers that are close 
estimates to the expected answers? I am posing this provocative question 
because it has implications on what will be considered as selection of 
appropriate algorithms. However this is an issue that has not been 
considered in the assessment level Taxonomy in any case.  
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CONCLUDING REMARKS:  
I would like to emphasise that this was a small scale study based on two 
particular classes of students. The intention was to use the evidence from 
this study to identify issues which could be used to develop an 
understanding of some of the complexities of assessing ML. 
This study revealed that the students in the class did not recognize when they 
needed to perform multi-step solutions. It was also revealed that students 
often did not recognize which algorithms were appropriate for certain 
problems. Furthermore, it was revealed that students’ poor knowledge of the 
context hampered their ability to solve problems based on that context.  
In certain cases, students found ways to try to use the information they saw 
as appropriate- In certain instances, students performed operations on 
quantities they wanted to use, without making sense of what the operation 
meant in the particular context. In other instances they seemed to use their 
intuitive rules to make deductions about trends. The data presented in the 
study was used to probe the meaning of descriptions of thinking levels 
which constitute the assessment taxonomy for ML (D0E, 2007) and to raise 
questions about these levels. 
A limitation of the study was that the study was based on 2 of 24 classes of 
students enrolled for the module. Some of the responses of the students 
could therefore have been influenced by the approach of the tutors- so 
further analysis with the larger  group will be necessary in order to confirm 
or disconfirm trends noted in this small scale study.  
 


APPENDIX:  
This is the complete question referred to as Q5 and Q6 in the article: Q5.2 
here is referred to as Q5 in this article while Q 5.3.2 is referred to as Q6 in 
this article. 
Question Five 
Refer to the Appendix which is a copy of the Cell C rates page that appeared 
in your guide. 
Mr KP has signed up for the first option offered in the advert. In the first 
three days (which are all weekdays) he has made the following calls-
appearing in the table below. 
 Recall that:  
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Weekday Peak times for Cell C rates are 7 a.m to 8 p.m, while Off Peak 
times are 8 p.m to 7a.m  
 


No. DATE TELEPHONE NUMBER DURATIO
N 


TIME OF 
CALL 


1 1 Feb 088 243 6264 (Cell C) 14:45 14h24 


2 2 Feb (021) 247 8640  32:17 7h31 


3 2 Feb 0835454600 (Vodacom) 29:52 19h50 


4 2 Feb (041) 204 3613  0:30 15h38 


5 3 Feb SMS – 085 121 6268 -------- 21h26 


6 3Feb 087 738 2782 (MTN) 13:24 22h07 


7 3 Feb +(44) 0721 8890 4567 (London) 18:39 19h01 


 
5.1. What is the cost of Mr KP’s first call?   (Note that 14: 45 denotes 14 


minutes and 45 seconds)      (4) 
5.2  All prices quoted include VAT which we know is 14% in South 


Africa. What was the cost of the same call (of 3.1) before the VAT 
was added? 


5.3.1 Suppose that the Telkom cost of a call to London is R3,30 per 
minute (peak) and R3,00 per minute (off peak), with Telkom’s 
overseas rates being charged per minute. What would Mr KP’s call 
to London on 3 February have cost ?  


5.3.2  The advertised 10% discount on International calls means that the 
Telkom portion of the cost is reduced by 10%. Calculate the cost of 
the same call, when the discount has been taken into account.      (3) 







Appendix    Cell Phone Rates (for use with Question Five) 
 


 


casualchat > The deal 
Stay in touch without breaking the bank. casualchat is an affordable 
contract range that includes a choice of included off-peak minutes, 
anytime minutes or anytime SMS. With casualchat, you will get: Fixed 
Friends & Family discounted rate on peak calls Low Cell C to Cell C call 
rates Per second billing after the first minute 10% discount on 
international calls. 


Casual chat Call rates 
connection fee FREE FREE FREE 


Contract length 
(months)  1,12 or 24 1,12 or 24 1,12 or 24 


monthly fee R 105 R 105 R 105 


included monthly minutes  100 off-peak 50 anytime 


included sms per month 200 anytime SMS   


Friends & Family R 1.75 R 1.75 R 1.75 


per second billing After the first 60 
seconds 


After the first 60 
seconds 


After the first 60 
seconds 


  Off-peak Peak Off-peak Peak Off-peak Peak 


Cell C to Cell C R 0.90 R 1.80 R 0.90 R 1.80 R 0.90 R 1.80 


to other mobile R 0.98 R 2.45 R 0.98 R 2.45 R 0.98 R 2.45 


to Telkom R 0.90 R 2.30 R 0.90 R 2.30 R 0.90 R 2.30 


International calls 
R 0.95 + 
Telkom 
off-peak 


R 1.85 + 
Telkom 
peak 


R 0.95 + 
Telkom 
off-peak 


R 1.85 + 
Telkom 
peak 


R 0.95 + 
Telkom 
off-peak 


R 1.85 + 
Telkom 
peak 


sms per message R 0.36 R 0.80 R 0.36 R 0.80 R 0.36 R 0.80 


*+(Telkom - 10%) 
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 Source: http://www.cellcdirect.co.za/contracts/casualchat.asp  
accessed 19 May 2005 
Acknowledgements: 1.To my colleague Sally Hobden who first used the cell 
phone brochure in a previous assessment, and kindly allowed us use of her 
work. 
2. To my colleague Thokozani Mkhwanazi who was also a module 
coordinator of the module from where these questions have been taken. 
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Among the many different modes of teaching of mathematics that various lecturers use; non-
verbal ones also have a strong impact on the attitude the student has on the subject. 
Lecturers’ Dressing Code is a non-verbal mode of teaching that uniquely has its own effects. 
 
Introduction 
 
Depending on his/her dressing code during his/her first days in a lecture, the first impression 
that a lecturer make on the students may permanently dictate how the student reacts towards 
the subject. If it is a positive one, the lecturer may become the students favorite and this may 
lead to the student desiring to learn more or working harder on the unit thus may yield to 
good performance. 
 
First Impressions 
 
Varying from clothes, shoes, lab coats, uniforms, necklace, head gears to socks and any other 
unmentioned dressing, when the lecturer goes for his/her first time in class, the student may 
have a first impression or develop an attitude about the lecturer being harsh, welcoming, 
friendly, young, tough, strict, “romantic”, “parent-like” and many others. This study in turn 
explains one of the reasons why many students understand easily when a fellow student 
explains a concept to them instead of their lecturer. 
 
Details of investigation 
 
The instrument used for this study was a questionnaire administered by interviewing fifty 
students at the Jomo Kenyatta University of Agriculture and Technology. The interviewed 
students comprised those taking engineering courses, mathematics, biological courses, 
business courses and architectural courses randomly picked from first to last year of study.  
 
Impact on student performance 
 
Of the students interviewed, 100% thought that non-verbal mode of teaching (in general) by 
the lecturer have a direct impact on their attitude towards the subject being taught while 70% 
felt that there is a linkage between positive or negative attitude on the student towards 
mathematics units and their mathematics lecturers’ dressing code. 
 
Among the students interviewed, 40% thought that their mathematics lecturers’ dressing code 
(in general) have an impact on the performance in the unit. Next a summary is given of the 
impact students thought that dress code will have on their performance. 
• No impact:  20% 
• Little impact: 50% 
• Moderate impact: 20% 
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• High impact: 10% 
• Very high impact: 0% 
 
Impact on students attitude 
 
On more details about the type of clothing, the students interviewed consider the following 
types of clothes as welcoming and have an appeal for them to pay attention to their 
mathematics lecturer. 
 
For female lecturers: 
• An official suit:  20% 
• Smart casual:  40% 
• A lab coat:   40% 
• Uniforms:   0% 
• Sleeping wear:  0% 
• Body exposed wear: 0% (spaghetti tops; very short mini skirts) 
 
Whereas for male lecturers: 
• An official suit:  10% 
• Smart casual:  50% 
• A lab coat:   40% 
• Uniforms:   0% 
• Rugged casual:  0% (Jeans and t-shirt) 
• Sleeping ware:  0% 
• Body exposed wear: 0% (Exposed / Bare chest) 
 
From their evaluation on the impression created by the dressing that their mathematics 
lecturers wear, the students interviewed yielded the percentages as 
• Welcoming 30% 
• Unwelcoming: 40% 
• Indifferent: 30% 
 
On the type of interviewed students’ attitude on mathematics with the corresponding types of 
mathematics lecturers’ dressing code they felt that  
 
 Anxiety/Fear Welcoming Indifferent
An official suit 20% 80% 0% 
Smart casual 0% 95% 5% 
On a lab coat 5% 90% 5% 
Uniforms 30% 10% 60% 
Rugged casual 25% 5% 70% 
On sleeping ware 20% 0% 80% 
On a body-exposed wear 90% 0% 10% 
 
Concerning on the possibility for a welcoming dressing code to change / improve on the 
attitude towards mathematics on already existing student’s negative attitude 10% felt it is not 
possible, 10% felt there is a little possibility, 40% felt there is a moderate possibility, 40% 
felt there is a high possibility whereas none felt there is very high possibility 
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On their view, 95% of the students interviewed felt they should give feedback to the 
universities administration on mathematics’ lecturers dressing code in the course of learning 
in order to improve on their attitude towards mathematics whereas 5% felt they should not.  
In order to encourage the interviewed students participation and involvement in class they 
suggested that their mathematics’ lecturer (male or female) should wear specific dressing 
code. Their suggestions on a percentage were: 
• An official suit:  5% 
• Smart casual:  50% 
• On a lab coat:  35% 
• Uniforms:   0% 
• Rugged causal:  0% 
• On sleeping wear:  0% 
• On a body-exposed wear: 0% 
 
Suggestions 


• Use of smart casual wear by mathematics lecturers should be highly encouraged. 
• Use of lab coats by mathematics lecturers should be encouraged. 
• Official suits should be used by male mathematics lecturers on rare occasions whereas for 


female mathematics lecturers should be on average occasions. 
• Use of uniforms, rugged casual, sleeping wear and body exposed wear be discouraged or 


exempted from use by mathematics lecturers during lecturers.  
• Universities specify the type of dressing code that their lecturers should wear. 
• Universities to carry out an activity to involve students in suggesting the kind of dressing 


that their mathematics lecturers. 
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'THUMB TRIBE' MATHS WARS! 
Laurie Butgereit 


Meraka Institute, CSIR 
 
In order to succeed in mathematics, and in most areas of life, some basic 
arithmetic skills need to be mastered.  According to the RNCS published by the 
DOE, all people should know their single digit addition sums and 'times tables' 
by heart and should be able to work out double digit problems mentally.  
Unfortunately, this is not happening.  South African learners are not learning 
or not remembering the basics.  If a learner can't multiply and do basic 
computations in his or her head, it makes it very difficult to factor a polynomial 
equation.  And if the learner can't factor a polynomial equation, then he or she 
probably won't pass algebra.  This paper describes a project in which learners 
compete with other learners on basic arithmetic skills using the popular MXit 
instant messaging system on cell phones.   
 


INTRODUCTION 
At the risk of 'preaching to the converted,' South Africa needs to improve the 
mathematics level of its school learners.  The 2003 Trends in Mathematics and 
Science Study (TIMSS) placed South Africa among the five lowest scoring 
countries. 
In a study in the United States, researchers found that using hand held electronic 
devices with mathematical games was beneficial to students learning 
mathematics, especially low-ability students.  The results showed that hand held 
games scores correlated significantly with learners' scores on mathematics tests. 
In Africa, however, electronic hand held gaming devices are not as widespread 
as in the United States.  Cell phones, on the other hand, are ubiquitous. 
This paper reports on a project where basic arithmetics skills competitions were 
held using MXit on cell phones.   
MXIT AND THE 'THUMB TRIBE' 
MXit is an instant messaging system which runs over cell phones.  It allows 
participants to send textual messages to other participants in a timely and cost-
effective manner.  MXit can be seen to be a merger of email and SMS (Small 
Message System – often called Text Messages in other English speaking 
countries).  MXit has the immediacy and mobility of an SMS but it is as 
inexpensive as email.  A MXit message costs between 1 and 2 cents to send in 
South Africa. 
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It is the cost of a MXit message (or, rather, the lack of cost) which is one of the 
reasons that children and teenagers flock to MXit.  Currently, there are more 
than 7 million registered users on MXit and approximately 45% of these are 
young people in the age range of 12-18 years. 
The under-25s which use MXit regularly are the 'thumb tribe' of the country.  
The term 'thumb tribe' is a translation of the Japanese Oyayubizoku where the 
term was first coined.  The 'thumb tribe' members can usually type on a cell 
phone with their thumbs faster than non'thumb tribe' members can type on a 
normal typewriter using all ten fingers. Members of the 'thumb tribe' use their 
thumbs (and cell phones) to meet friends, make dates, flirt, arrange their social 
life, and get missed homework assignments.   The 'thumb tribe' often sleep with 
their cell phones. 
 


'DR MATH' 
'Dr Math' or 'Math on MXit' is a project which Meraka Institute initiated at the 
beginning of the 2007 academic year and continues to run during the 2008 
academic year.  'Dr Math' is a MXit based facility where children and teenagers 
can get help with their mathematics homework from a tutor after school hours.  
'Dr Math' uses MXit to link children and teenagers with personal tutors to help 
them through difficulties with their maths homework.  The tutors are available 
from two o'clock in the afternoon from Mondays to Thursdays.  'Dr Math' is 
often also available on Sunday evenings.  A complete description of the 'Dr 
Math' project can be found in the AMESA 13th Congress proceedings, 2007. 
 
THE PROBLEM WE WANTED TO ADDRESS 
The problem we are investigating this year is the value of Mxit for developing 
interest in computational skills.  During the previous academic year, we learned 
from our 'Dr Math' project a number of important things: 


1. Many primary school children were enthusiastic about being tested in 
basic arithmetic skills and our 'Dr Math' tutors spent many hours 
generating random calculations for these participants. 


2. It was found that many secondary school children were not able to add 
and multiply competently. 'Silly mistakes' caused errors in more 
advanced work.  For example, a secondary school learner who could 
not add reliably, would fail an exercise on multiplying factors with 
exponents such as a²a³ because the addition of the exponents would be 
incorrect.  Similarly if a secondary school learner was not totally 
comfortable with multiplication, then he or she would look at, for 
example, x²+14x+45 and not 'see' that the two factors of 45, 5 and 9, 
add up to 14. 


3. Learners of all ages love MXit and prefer to use MXit to using a 
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different medium. 
 


ARITHMETIC COMPETITIONS 
Our arithmetic competitions were an enhancement on our original 'Dr Math' 
project.  The competitions were implemented as 'bots.'   The term 'bot' is short 
for 'chatter bot' or 'robot' which is a piece of software which can automatically 
reply to simple requests or prompts.  A 'bot' can be thought to be a textual 
equivalent of  an automatic answering system which redirects telephone 
requests to the correct department of an organisation. 
Our arithmetic competition 'bots' gave the 'thumb tribe' an opportunity to hone 
their basic arithmetic skills and compete with others in an environment which 
was fun, exciting, and 'kewl.'  And they could do this 24 hours a day, 7 days a 
week. 
During the Christmas holidays between the 2007 and 2008 academic school 
years, we introduced our initial addition competition without any advertising.  It 
was configured to run on the same 'Dr Math' MXit contact details which we 
used during the 2007 academic year.  We were happy to see that previous 
learners who had participated with 'Dr Math' in 2007 found our unadvertised 
competitions and started competing against each other immediately – even 
though it was Christmas holidays. 
Within a few weeks of the start of the 2008 academic year, we introduced three 
more simple arithmetic skills competitions:  multiplication, subtraction, and 
division.  Later in the year we also introduced more advanced competitions such 
as finding the prime factors of a number and factoring polynomials. 
 
Competitions all follow these simple rules: 
 


1. A participant joins a competition and is initially given the current 
TopScore's nickname or alias and the percentage that the current 
TopScore attained. 


2. A participant is given a calculation or problem and asked for an 
answer.  The answer could be a simple number (as in the case of 
addition), an expression (as in the case of the factoring polynomial 
competition) or a string of numbers (in the case of finding the prime 
factors). 


3. The answer is checked by the 'bot' and the participant is told whether 
his or her answer is right or wrong.  If the participant gives a wrong 
answer, the 'bot' provides the correct answer.  A running subtotal of 
correct responses along with the percentage is given and a comparison 
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against the current TopScore. 
4. After 10 problems, if the participant ties or betters the current 


TopScore, the new participant becomes the TopScore. 
5. Most importantly, the previous TopScore is sent a message that 


somebody else had tied or beaten his or her score. 
6. As a person continues to be the TopScore, the upper limit of the 


numbers in the calculations become higher.  Initially the addition 
competition starts with numbers up to 12 plus 12.  But the number 
ranget increases as the person remains the TopScore. 


7. If the TopScore and exceeds 10 problems and then makes a mistake, 
his or her percentage is decreased in the ratings, making it slightly 
easier for another competitor to become the TopScore. 


 
EXAMPLE OF COMPETITION 


Here is an example of one complete round in the addition competition: 
Bot -> pilot: The current TopScore is AnTi;-)Virus with 100%.  To clear your score and 


start over send .a with no number after it.  TopScores are updated after 10 
questions.  What is 10 + 11 


pilot: 21 


Bot -> pilot: Correct. Your score is 1 correct out of 1 or 100%.  The current TopScore is 
AnTi;-)Virus with 100%.  What is 2 + 12 


pilot: 14 


Bot -> pilot: Correct. Your score is 2 correct out of 2 or 100%.  The current TopScore is 
AnTi;-)Virus with 100%.  What is 13 + 10 


pilot: 23 


Bot -> pilot: Correct. Your score is 3 correct out of 3 or 100%.  The current TopScore is 
AnTi;-)Virus with 100%.  What is 6 + 3 


pilot: 9 


Bot -> pilot: Correct. Your score is 4 correct out of 4 or 100%.  The current TopScore is 
AnTi;-)Virus with 100%.  What is 14 + 5 


pilot: 19 


Bot -> pilot: Correct. Your score is 5 correct out of 5 or 100%.  The current TopScore is 
AnTi;-)Virus with 100%.  What is 13 + 15 


pilot: 28 


Bot -> pilot: Correct. Your score is 6 correct out of 6 or 100%.  The current TopScore is 
AnTi;-)Virus with 100%.  What is 3 + 9 


pilot: 12 


Bot -> pilot: Correct. Your score is 7 correct out of 7 or 100%.  The current TopScore is 
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AnTi;-)Virus with 100%.  What is 1 + 8 


pilot: 9 


Bot -> pilot: Correct. Your score is 8 correct out of 8 or 100%.  The current TopScore is 
AnTi;-)Virus with 100%.  What is 3 + 9 


pilot: 12 


Bot -> pilot: Correct. Your score is 9 correct out of 9 or 100%.  The current TopScore is 
AnTi;-)Virus with 100%.  What is 14 + 3 


pilot: 17 


The 'bot' would then tell the previous TopScore that he or she has been beaten: 
Bot -> AnTi;-)Virus: pilot has beaten your score in the addition competition. Come defend 


your title. 


This message that goes out to the original TopScore is the key to getting the 
participants to compete against each other.  Often two or three participants will 
battle with each other for an hour just to keep their name as the TopScore. 


GENERAL RESULTS 


At the time of writing this paper, the arithmetic competitions had only been 
running for three months.  From reviewing the log files or recordings of the 
competitions, we find that participants battle against each other into the wee 
hours of the night.  For example, on February 6th  Baby'Dawl started competing 
in the division competition at 20:48 


2008-02-06 20:48:52,533 Bot -> Baby'Dawl: The current TopScore is sue with 100%.  To 
clear your score and start over send .v with nothing after it.  TopScores are 
updated after 10 questions.  What is 121 / 11 


 


2008-02-06 20:49:32,575 Baby'Dawl: 11 


 


2008-02-06 20:49:32,588 Bot -> Baby'Dawl: Correct. Your score is 1 correct out of 1 or 
100%.  The current TopScore is sue with 100%.  What is 36 / 9 


 


2008-02-06 20:50:12,618 Baby'Dawl: 4 
 


She made a few errors and didn't beat the TopScore and eventually came back 
two hours later at 22:37 and tried again: 


2008-02-06 22:37:59,517 Bot -> Baby'Dawl: The current TopScore is sue with 100%.  To 
clear your score and start over send .v with nothing after it.  TopScores are 
updated after 10 questions.  What is 98 / 14 
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2008-02-06 22:40:39,735 Baby'Dawl: 7 


 


2008-02-06 22:40:39,750 Bot -> Baby'Dawl: Correct. Your score is 1 correct out of 1 or 
100%.  The current TopScore is sue with 100%.  What is 48 / 8 


 


2008-02-06 22:41:39,798 Baby'Dawl: 6 


This time she persevered and eventually at 22:45 she became the TopScore.  
She got to revel in her glory as TopScore until just before one in the morning  
on February 7th when Mathew showed up: 


2008-02-07 00:51:41,282 Bot -> Mathew: The current TopScore is Baby'Dawl with 100%.  
To clear your score and start over send .v with nothing after it.  TopScores 
are updated after 10 questions.  What is 20 / 4 


 


And Mathew eventually displaced Baby'Dawl as TopScore in the division 
competition at 56 minutes past midnight 


2008-02-07 00:56:21,456 Bot -> Mathew: Correct. Your score is 9 correct out of 9 or 
100%.  The current TopScore is Baby'Dawl with 100%.  What is 56 / 7 


 


2008-02-07 00:56:41,463 Mathew: 8 


 


2008-02-07 00:56:41,480 Bot -> Baby'Dawl: Mathew has tied or beaten your score in the 
division competition. Come defend your title. 


 


2008-02-07 00:56:41,481 Bot -> Mathew: Correct. Your score is 10 correct out of 10 or 
100%.  Congratulations.  You are the new TopScore.  What is 66 / 6 


 


Now who would have ever thought that kids would compete in division 
competitions at midnight! 


We eventually added more complicated competitions such as factoring a 
polynomial.  This is doubly difficult because of two reasons.  The participants 
have to factor the polynomial plus they have to input more complicated 
mathematical expressions on their cell phones.  If we look at the log files from 
January 26th, Jill is the TopScore at factoring a polynomial with a measly 9%: 


 
2008-01-26 20:16:11,237 Bot -> Angel-3: The current TopScore is jill with 9%.  To clear 


your score and start over send .z with nothing after it.  TopScores are 
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updated after 10 questions.  What are the factors of the polynomial x^2 +6x 
+8  Write the factors in the form .z x+3 x-7 with one space between the 
factors. 


 


2008-01-26 20:17:11,296 Angel-3: x^2 +3x +4 


 


2008-01-26 20:17:11,298 Bot -> Angel-3: Wrong. The factors are x+2 and x+4.  Your 
score is 0 correct out of 1 or 0%.  The current TopScore is jill with 9%.  
What are the factors of the polynomial x^2 +8x -9  Write the factors in the 
form .z x+3 x-7 with one space between the factors. 


 
Angel-3 tries again 


2008-01-26 20:18:31,353 Angel-3: x-4 x- 3 


 


2008-01-26 20:18:31,356 Bot -> Angel-3: Wrong. The factors are x+9 and x-1.  Your 
score is 0 correct out of 2 or 0%.  The current TopScore is jill with 9%.  
What are the factors of the polynomial x^2 +12x +32  Write the factors in 
the form .z x+3 x-7 with one space between the factors. 


 


And she fails again 
2008-01-26 20:21:51,570 Angel-3: x+6 x+16 


 


2008-01-26 20:21:51,580 Bot -> Angel-3: Wrong. The factors are x+8 and x+4.  Your 
score is 0 correct out of 3 or 0%.  The current TopScore is jill with 9%.  
What are the factors of the polynomial x^2 -13x +22  Write the factors in 
the form .z x+3 x-7 with one space between the factors. 


 


But Angel-3 finally gets the hang of it and off she goes: 


     2008-01-26 20:22:51,686 Angel-3: x-11 x-2 


 


2008-01-26 20:22:51,694 Bot -> Angel-3: Correct. Your score is 1 correct out of 4 or 
25%.  The current TopScore is jill with 9%.  What are the factors of the 
polynomial x^2 +13x +22  Write the factors in the form .z x+3 x-7 with 
one space between the factors. 


 


 


And although Angel-3 is not perfect, she eventually becomes TopScore 
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2008-01-26 20:32:52,469 Bot -> Angel-3: Correct. Your score is 4 correct out of 8 or 
50%.  The current TopScore is jill with 9%.  What are the factors of the 
polynomial x^2 +10x +24  Write the factors in the form .z x+3 x-7 with 
one space between the factors. 


 


2008-01-26 20:33:52,599 Angel-3: x+6 x+4 


 


2008-01-26 20:33:52,608 Bot -> Angel-3: Correct. Your score is 5 correct out of 9 or 
55%.  The current TopScore is jill with 9%.  What are the factors of the 
polynomial x^2 -14x +33  Write the factors in the form .z x+3 x-7 with one 
space between the factors. 


 


2008-01-26 20:34:52,740 Angel-3: x-11 x-3 


 


2008-01-26 20:34:52,746 Bot -> jill: Angel-3 has beaten your score in the 
factorPolynomial competition. Come defend your title. 


 


2008-01-26 20:34:52,747 Bot -> Angel-3: Correct. Your score is 6 correct out of 10 or 
60%.  Congratulations.  You are the new TopScore.  What are the factors of 
the polynomial x^2 -6x -40  Write the factors in the form .z x+3 x-7 with 
one space between the factors. 


 


And, just as a matter of interest, Angel-3 continued playing until 21:18 with 
perfect scores.  Even more important, Angel-3 continues to play in these 
competitions and regularly scores 100%. 


ANECDOTAL RESULTS 


The competitions are part of a larger tutoring project using MXit as a medium, 
as was described in 2007 AMESA proceedings. Participants in our competitions 
often tell our personal tutors that they have enjoyed the competitions.  For 
example: 


2008-02-07 14:46:28,759 Quintin: They're actualy quite addictive 


 


And participants get upset if we have to stop the competitions for any technical 
reason.  (The following message was censored slightly for politeness sake): 
 


2008-02-16 10:05:16,680 Dr Math->:|UNBEATABLE;): This is just a quick test by Dr 
Math's java programmers.  anybody out there? 
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2008-02-16 10:07:10,200 :|UNBEATABLE;): f*ck man i was in da process of making a 
top score sh*t 
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ETHICS CONCERNS 


MXit is a medium which is prone to abuse and misuse.  There have been reports 
in the popular press of teenagers and children meeting adults on MXit who are 
masquerading as other teenagers and children.  The adult pretends to be another 
young girl or boy of approximately the same age and entices the other teenager 
or child into physically meeting with them.  There have been reported cases of 
kidnapping and near-kidnapping. 


For this specific reason, we do not collect any personal data about the 
participants in our competitions.  We do not wish to encourage minor children 
(even if they are mature teenagers) to give out any personal details to any party 
over MXit.  For this reason, we do not have any hard data on whether or not 
these competitions help improve class test scores or exam marks.  We do not 
have hard data about the the ages and genders of the participants. 


Although the participants' cell phone numbers are sent to us in the course of 
communicating with the MXit server, we retain those cell phone numbers only 
until the end of the day in which that participant contacted us.  There is one 
exception to this which is discussed below in the section entitled 'Incentives.' 


In justifying our stand on this issue, I would like to share competition values 
with one particular participant.  This participant competes 5 or 6 times a week 
in the addition competition.  This participant will do 100 addition sums often 
attaining 100%. We do not collect the age or gender of participants.  However, I 
think it is safe to assume that for a participant to feel challenged and engaged in 
doing 100 addition sums, it is safe to guess that the participant is in primary 
school and not in secondary school.  The sad state of affairs is that this 
participant calls herself GODDESS OF LOVE.  This project does not in anyway 
want to encourage a participant such as this to reveal any personal information 
over MXit. 


SPECIFIC RESULTS 


Some specific data has been collected, however, which do not reveal any 
personal information from the participants.   


Looking at only the nickname or alias which the participant has used, over the 
past three months (December, 2007, through February, 2008) we have had the 
following quantity of participants in each competition. 
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Addition 231 


Multiplication 128 


Subtraction 83 


Division 64 


Prime Factors of a number 38 


Root (X-intercept) of a straight line 41 


Roots of a polynomial 23 


Factors of a polynomial 42 


The vast majority of these competitors answer the required 10 questions.  Some 
participants, however, have competed for more than 150 different calculations 
or sums. 


 


GOING FORWARD WITH 'MOOLA' INCENTIVES 
MXit maintains a virtual type of currency called 'Moola.'  MXit participants can 
purchase 'Moola' with airtime.  'Moola' can then be used at the MXit 'Trade 
Post' for purchase of new versions of MXit, 'skins' (or colour schemes for MXit 
on their cell phone), 'nametones'(which are similar to cell phone ring tones but 
specific to Mxit). 
We have recently submitted a proposal to the Tswane University Technology 
Ethics Committee (Meraka Institute does not have an ethics committee) about 
an incentive scheme where winners of our competitions could win small 
amounts of 'Moola.'  We are interested in determining whether small amounts of 
'Moola' (for example, the equivalent of  R10.00) would entice participants to 
compete more often or complete more mathematical problems in order to win 
'Moola.'  The TUT Ethics Committee has approved our proposal and we are 
going forward with that aspect of our competitions.  The 'Moola' prizes will be 
awarded to a particular cell phone number and, for that reason, we will be 
required to store the cell phone number of  the winners of our competitions on 
our server for longer than one day. 


The submission date for the AMESA Congress precludes us from reporting on 
this aspect of our competitions in this written paper.  We may, however, have a 
verbal report on this feature at the Congress itself. 
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CONCLUSIONS 
Our basic mathematics and arithmetic competitions entice children and 
teenagers to practice basic mathematics and arithmetic skills on their cell phone.  
By reviewing our log files (and not actually interviewing the participants), we 
can see that short competitions with a reward of publicising the TopScore's 
MXit nickname and score encourage participants to practice arithmetic and 
mathematics 24 hours a day, seven days a week.  Many participants are quite 
competitive and repeatedly defended their TopScore position in our 
competitions.  
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In Kenya , mathematics is a compulsory subject in the primary and secondary school levels. This 
extends to the university level (depending on the career choice) where compulsory university 
units include some in this subject.  Thus it is a very vital subject. Various teachers use different 
methods of teaching the subject which have direct influence on its performance. As we shall see 
in this study, Poor methods of teaching lead to negative attitude by the student leading to poor 
performance. This in turn affect the overall grade of the student even if the student did only one 
math unit  which in turn affect the future of the student and make the situation worse for the 
students who celebrate leaving high school since they will not  do math again. 


Introduction 
In  Kenya, mathematics is a compulsory subject in the primary and secondary school levels. This 
extends to the university level (depending on the career choice) where compulsory university 
units include some in this subject.  Thus, it is a very vital subject. 


Style of teaching 
Various teachers use different methods of teaching mathematics. This varies from verbal to non 
verbal modes of teaching. This have direct influence on the students performance on the subject 
since it may lead to negative attitude by the student leading to poor performance. This in turn 
affect the overall grade of the student even if the student did only one math unit in his/her first 
year.  


Details of investigation 


The instrument used for this study was a questionnaire administered to 50 students in different 
years of study and different careers (engineers, mathematicians, architects, computer scientists, 
horticulturalists and business students among others) with an aim of finding how teaching of the 
subject has affected positively or negatively their career.  


General perception on the subject 


In some if not many high schools in Kenya, when a student joins form one, there is a belief that 
mathematics is hard and most students end up taking this attitude. This extends to the universities 
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where among the students interviewed, 40 % believe that mathematics is a “hard subject” 
whereas 60% believe it is not.  


Impact of teaching method on the student 


20% feel that this attitude is just a belief, 60% feel it has to do with the modes of teaching 
whereas 20% feel it is due to peer influence. 


90% of the students interviewed think that the way their mathematics lecturer teaches affects 
their performance thereby affecting your career while 10% think otherwise. In Jkuat, every 
student takes at lest a mathematics unit in his first year of study irrespective of the career.  


Concerning the specific method of teaching used by the lecturers teaching the interviewed 
students in their 1st year of study, 80% felt that it affected their attitude towards other 
mathematics units in their course whereas 20% felt it did not.  


 


Rating on a scale about the impact on the mathematics’ attitude by their mathematics lecturers’ 
teaching methods 0% felt that it had no or little impact 20% felt it had moderate impact 60% felt 
it had high impact whereas 20% very high Impact. 


On a personal evaluation, among the interviewed students expression on the attitude created by 
the method of teaching by their mathematics lecturers, the percentages were as: 


• Welcoming 30% 
• Unwelcoming 10% 
• Fear 10% 
• Anxiety 40% 
• Indifferent 10% 


  


Considering some few methods of teaching used by different lecturers, and tabulating it with the 
corresponding type of attitude on mathematics on the interviewed students, 


                               Anxiety/ Fear    Welcoming       Indifferent  


• Interactive                              10%          90%                  0% 
• Dictatorial                               40%          40%                 20% 
• Using visual aids                      0%        100%                  0%            
• Using text books directly          0%          60%                 40%    
• Teaching without any book      0%          50%                  50%   
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On already existing attitude on the interviewed students, 95% felt that there is a high possibility 
to change of the attitude, 5% felt there is a very high possibility whereas none felt that it is not 
possible to change. 


On their view, 100% of the interviewed students suggested that they should have a chance to 
report to the universities’ administration on mathematics’ lecturers teaching methods in the 
course of learning in order to improve on their attitude towards mathematics? 


Their suggestions on the method of teaching that they would like their mathematics’ lecturer to 
use in order to encourage their participation and involvement in class 100% felt that the lecturers 
should use both Interactive and use visual aids methods,  whereas only 30% felt that  the 
lecturers should use dictatorial and use of text books directly methods.  


The students also expressed how some lecturers use harsh terms, commanding tone or  threats 
making the students hate or fear the lecturer which in turn make them miss to attend his/her 
lectures. Over expectations by the lecturers on the students also affect them since when they 
don’t perform well the lecturers tend to give up on them or develop a don care attitude. 


The study also shows that some lectures irrespective of the method they use, with an aim of 
making students work hard, go on to make statements during their 1st day in class. Examples of 
such statements are: 


• I see 20 supplementary papers in this class. 
• You are just engineers so mathematics is a secondary requirement. 
• Some of you are empty headed. 
• You can’t even compare with my other students. Wait till you go to job market, they will 


be ones selected. 
• I think this it was a mistake for this unit to be put on your course requirement. 


 


Suggestions 


• That interactive and use of visual aid methods of teaching be encouraged. 
• Use of negative statements be discouraged. 
• Students be involved in suggesting the method that should be used in a certain unit. 
• Student’s evaluation on the lecturers’ methods of teaching to be done.   


 


 


 





