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Abstract: Final Report of the Primary Mathematics Research Project. 

Abstract 
 

The fundamental motivation of the Primary Mathematics Teacher Project was the enduring 
persistence of poor outcomes in mathematics education in South African schools despite the post-
1994 dispensation, including the introduction of the new Outcomes Based Education curriculum in 
1998, and the ever-increasing allocation of significant national resources to the education system. 
 
National and international comparative data has conclusively demonstrated that the vast majority of 
South African learners are performing well below the minimum expected competence levels for 
their respective grades, a reality ultimately manifesting itself in the dismal performance of our 
learners at matriculation level, especially in terms of higher grade passes; only 1.5% of the 1995 
Grade One cohort survived to achieve HG passes in the 2006 matriculation examinations. However, 
the problem of relatively poor or even declining national performance in mathematics is not unique 
to South Africa as the Trends in Mathematics and Science Study (TIMSS) has made clear. Alarm 
has been raised in many countries, chiefly those in the West; the United States and Australia being 
the most recent examples. Much of the recent research and policy literature flowing from these 
countries has one thing in common, an increasing focus on the nature of the curriculum, the learning 
theory upon which it is based and the teaching practices that it encourages. In short, constructivism 
is under increasing pressure to provide empirically reliable evidence that it is an effective 
theoretical basis for a national curriculum, and especially for the teaching of the fundamentals of 
mathematics to young learners in primary schools. In South Africa evaluations of many different 
relatively small scale interventions since 1994, operated chiefly through NGO organizations with 
funding from the private sector and independent development trusts, have recently been re-
scrutinized in an effort to distil their findings about what is going on in mathematics education in 
this country. In the great majority of these studies, the achievement by interventions of changes in 
those teaching practices encouraged by constructivist approaches does not result in correspondingly 
significant improvements in learner performance levels. 
 
Phase I of the PMRP was initiated in 2004 with the intention of applying an empirical approach to 
an investigation of the nature of the outcomes of mathematics education in our primary schools. The 
key data sources used during Phase I consisted firstly of the completed scripts of 7 028 learners 
from 154 schools in 24 districts in all 9 provinces; the second consisted of the original rough 
workings used by 4 256 of these learners in the course of completing the test. The scripts were 
drawn from the evaluations of 6 different studies of intervention projects conducted between 1998 
and 2004. This data set was supported by the data sets of interviews and, especially, lesson 
observations, conducted during the same studies. 
 
Phase I concluded that the fundamental cause of poor learner performance across our education 
system was a failure to extend the ability of learners from counting to true calculating in their 
primary schooling. All more complex mathematics depends, in the first instance, on an instinctive 
understanding of place value within the base-10 number system, combined with an ability to readily 
perform basic calculations and see simple numeric relationships. This problem is caused by the 
application of ineffective learning theories in classrooms, chief amongst which is the virtual 
disappearance of memorization, consistent drill and regular extensive practice of learned content. 
Learners are not being given the opportunity to develop the neural pathways and structures required 
for the development of higher order cognitive competencies in mathematics. Closely associated 
with this causative factor has been the virtual abolition of the concept of a national or provincial 
syllabus of study combined with textbooks designed to give effect to this syllabus; in favour of the 
belief that teachers would be able to develop their own learning programmes, using a variety of 
materials, against a curriculum consisting of broad outcomes, and somewhat more specific 
assessment standards. The consequence has been that quality of outcome has varied wildly from 
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school to school as the completeness and complexity of content to which learners are exposed came 
to depend on individual teachers. National and provincial assessment policies and practices have 
failed to produce a ‘fit’ between what learners are supposed to know, and what they do know, at 
each grade level and, as a consequence, the vast majority of our classes have become, in effect, 
multi grade classes in which teachers are faced with learners with every conceivable level of ability 
from the innumerate to the genuinely competent. 

 
Phase II of the PMRP consisted of the development of a set of teacher and learner materials based 
on the findings of Phase I over 2006, followed by their field testing over 14 weeks in a sample of 40 
Limpopo schools over 2007. After the end of the field test, the materials were adapted to take 
account of its findings. 
 
These materials are based on a number of key design factors, they: 

 are concerned with Learning Outcome One only – Numbers, Operations and Relationships 
 are not based on any one Grade level but covered the assessment standards for Grades 3 to 6 
 provide a complete syllabus of study for LO1 for these grades, supported by all of the 

required teacher and learner material 
 are based on direct teacher instruction combined with regular daily exercises and, where 

appropriate, memorization tasks 
 are based on a systematic assessment system with diagnostic, continuous and summative 

features. 
 
The field test in project and control groups provided strong and reliable empirical evidence that the 
approach embodied in the PMRP materials results in rapid and significant improvements in learner 
performance in Learning Outcome One. 
 
This report presents a mass of impact data that can be summarized in the overall greater degree of 
increase of score over baseline of the project group when compared to the control group. When the 
data is based on all of the schools irrespective of the degree of coverage achieved (one school 
reached only week 3, and one reached week 14, of the complete 14 week programme), the figures 
are: 

 Grade 4  +50% 
 Grade 6  +64% 

 
When the data is controlled for a more reasonable coverage of at least 11 weeks of the programme 
(80% coverage) the comparable figures are: 

 Grade 4  +83% 
 Grade 6  +102% 

 
That these figures were achieved over 14 weeks is very significant indeed – the clear implication is 
that it need not take years to improve primary level mathematics if an effective approach is 
employed in doing so. Finally, it is self evident that a short programme such as this costs very much 
less than the 3, or more, years typical of most intervention programmes in primary level 
mathematics. 
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EXECUTIVE SUMMARY 
 
The origins of the Primary Mathematics Research Project (PMRP) lie in an extended period of 
research in South African education since the watershed year of 1994. This research, consequently, 
has taken place within the context of the transformation of the national education system that is 
intended to increase access to schooling, eradicate the inequitable and dysfunctional effects of the 
past and provide the basis for a sustained period of individual and economic development. Central 
to the achievement of the long-term strategic objectives of educational transformation are questions 
of quality of outcome, especially in relation to mathematics and science. 
 
It is clear that the country needs to improve the supply of skills for which the prerequisite is 
numeracy and mathematics. It is equally clear that the development of these skills is based, in the 
first instance, on the national school system. However, while the state has achieved a greatly 
increased level of access to schooling, the quality of the outcomes of both the primary and 
secondary systems remains an issue of great national concern. 
 
Until recently, the only national measure of the outcomes of the school system has been the 
matriculation examinations; the class of 2006 was particularly interesting in that it was the first 
‘post-Apartheid’ cohort of learners that has passed through the school system since 1994. A total of 
1 676 273 learners were enrolled in Grade 1 in 1995 - these learners were in Grade 4 in 1998, the 
year that Outcomes Based Education was introduced in the form of C2005. 

 528 525 learners (31,5%) survived to write the matric exams in 2006 
 330 513 learners (19,7%) wrote the mathematics exam 
 25 217 learners (1,5%) achieved a pass at Higher Grade in mathematics 

 
We now also have reliable data on the performance of South African learners at other levels of the 
education system through the National Systemic Evaluation (NSE) of the National Department of 
Education, and through three international comparative studies in which we have participated. 

 Trends in Mathematics and Science Study (TIMSS) 
 Southern and Eastern African Consortium for Monitoring Educational Quality (SACMEQ) 
 Monitoring Learner Achievement Study (MLA) 

 
Both cycles of the NSE have demonstrated that the majority of children are performing poorly. In 
the Grade 6 cycle (2005), learner performance was graded on a scale of achievement in terms of the 
assessment standards of the National Curriculum Statement (NCS) – over 80% of all learners are 
performing well below expected minimum levels in mathematics. All three of the international 
comparative studies demonstrated that the majority of South African children are achieving 
performance levels well below those of their counterparts in both Africa and in the rest of the world. 
Furthermore, the figures for learners who did not meet the minimum expected levels for their grade 
recorded in these studies were strikingly similar to those obtained in the Systemic Evaluation – 
lending powerful support to the findings of all of the studies. Consequently, it can safely be 
assumed that around 80% of South African learners are below the minimum expected standard for 
their grade. Perhaps most disturbingly, the SACMEQ study found that, in Grade 6, an astonishing 
52% of learners in mathematics were achieving scores at the Grade 3 level or lower. 
 
The performance of learners in the NSE on different aspects of our curriculum is particularly 
illuminating. When the mathematics results are analysed by learning outcome it is clear that 
learners perform most poorly in the basic foundational skills dealt with in Learning Outcome One – 
numbers, operations and relationships. None of the currently available data from the primary level 
suggests that we can look forward to learner improvements in performance in mathematics as the 
‘post-Apartheid’ cohorts educated after the introduction of the new curriculum reach Grade 12. 
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The necessary conclusion of the data we have reviewed is that the assessment policies and practices 
used in our schools have failed to produce anything like a reasonable degree of ‘fit’ between the 
expected and actual performance levels of learners on a national level. Learners are routinely 
promoted from one grade to the next without having mastered the content and foundational 
competences of preceding grades, resulting in a large cognitive backlog that progressively inhibits 
the acquisition of more complex competencies. The consequence is that every class has become, in 
effect, a ‘multi-grade’ class in which there is a very large range of learner abilities and this makes it 
very difficult, or even impossible, to consistently teach to the required assessment standards for any 
particular grade. Mathematics, however, is an hierarchical subject in which the development of 
increasingly complex cognitive abilities at each succeeding level is dependent on the progressive 
and cumulative mastery of its conceptual frameworks, starting with the absolutely fundamental 
basics of place value (the base-10 number system) and the four operations (calculation). 
 
Despite years of educational reform and innovation by the state and NGOs - and the allocation of 
significant levels of funding to education by both the public and private sectors - it is evident that 
little has been achieved in the field of primary level mathematics. Most, if not all, innovation and 
intervention in this area in the recent past has been theory-driven and dependent on the pre-existing 
pedagogic and epistemological convictions of the innovators, both local and international. These 
approaches, however, have manifestly failed to alleviate the core problem – underachievement at 
primary level leading to the erosion of the effectiveness and impact of routine education and 
developmental innovations alike at secondary and, ultimately, tertiary, level. 
 
Consequently, it was decided from the start to base the PMRP upon empirical research rather than 
upon any particular theoretical approach. This was a deliberate decision to try an empirical 
research-based approach, to be inductive rather than deductive. The PMRP was, therefore, designed 
from the beginning to provide both an empirical investigation into the outcomes of primary 
mathematics education and to result in the production of materials based upon these findings which 
could themselves be evaluated. Internationally, the need for this sort of empirical approach to 
educational research, and to materials development, is becoming increasingly recognized. 
 

Phase I of the PMRP 
 
Phase I was based upon an analysis of three overlapping existing data sets. The overall set was 
derived from six studies, conducted in a total of 154 Schools in 35 Districts in all 9 Provinces with 
7 028 randomly selected children between 1998 and 2004. 
• The first set consists of the mean pre and post scores obtained by the control groups in all six 

studies - 4 483 children in all. 
• The second set consists of scores obtained for each item by individual pupils obtained during 

three of the six studies between 2002 and 2004 – 4 256 scripts. 
• The third set consists of the rough workings contained in the same 4 256 scripts. 
 
Phase I presented an analysis of the actual methods used by children to solve mathematical 
problems. In general, learners at all primary grade levels in all provinces routinely reduce all 
addition, subtraction, multiplication and division tasks to counting forwards or backwards, usually 
in single units.  The analysis distinguished between three methods used in the solving of these 
problems: 
• Unit counting: Where all kinds of problems (add, subtract, multiply, divide) are solved by 

reducing the numbers involved to single unit marks and counting them. 
• Repeated Operations: Where multiplication and division problems are solved using whole 

numbers, but where the problems are reduced to addition and subtraction processes by 
repeatedly adding or subtracting the numbers involved. This is, essentially, a more complex 
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version of the above; the (skip) counting - as against true calculating - takes place through 
numbers rather than single units. 

• Calculations: Where all kinds of problems are solved using whole numbers in the conventional 
way to calculate - as against count - the solutions. 

 
The data indicated that 79.5% of Grade Five and 60.3% of Grade Seven children still rely on 
simple unit counting to solve problems to one degree or another, while 38.1% and 11.5%, 
respectively, of them rely exclusively upon this method. 
 

Three typical examples of learner problem-solving  methods are reproduced below: 
 

 

In this example, drawn from a Grade Five 
script, separate calculations are performed one 

by one until the page is filled; thereafter, 
multiple problems are solved on the same set of 
marks. The method is very confusing when the 
problem involves larger numbers and especially 
so when multiplication and division problems 

are attempted. Many mistakes occur when 
children attempt to tally totals. The example 

clearly illustrates that this method amounts to no 
more than an extension of counting on fingers, 
with unit marks substituting for fingers when 

numbers are larger than ten. 
 

 

Here the division problem 1 420 ÷ 20 has been 
reduced to the repeated addition of 20 to itself 

until 1 420 is reached. Each time the addition is 
performed is ticked and the ticks become unit 
markings which are mechanically counted to 

yield the answer. It is evident that the method is 
not workable if fractions are involved and very 
confusing if large numbers are involved. It will 
be noted that the problem is very simply solved 
with a basic understanding of place value and 
the 2 times table. That the example is from a 
Grade Seven script underscores the point. 

 

 

In this example, a Grade Seven learner makes 
an unsuccessful attempt to use a whole number 

calculation to solve 36 ÷ 4. The child clearly has 
no idea how to actually use conventional 

division methods, has no knowledge of times 
tables and, perhaps most significantly, has no 

number sense in that 36 divided four times 
simply cannot be 31. 

 
Phase I demonstrated that the majority of South African learners are not developing any kind of 
understanding of the base-10 number system and the associated critical understanding of place 
value. They cannot mentally, or in writing, manipulate numbers, especially when they are large or 
contain fractions, do not readily understand the meaning of multiplication and division and cannot 
use the skills of borrowing and carrying upon which all more complex calculations depend. This is, 
in my view, clearly the single most important cause of poor learner performance in our schools. 
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Phase II of the PMRP 
 
The intention of Phase II of the PMRP was to develop and rigorously field test a set of teacher 
manuals and learner workbooks that were based on the findings of Phase I and would seek to apply 
an intervention programme that would result in significant gains in learner performance. The 
materials were developed and drafted over 2006 and field-tested over 2007. In all, the materials 
provide the basis of 70 lessons over 14 weeks and have subsequently been adapted to take into 
account the findings of the field testing. 
 
The most basic of the assumptions underpinning the materials is the proposition that the essential 
‘bedrock’ skill of all mathematical ability is the capacity to easily perform mental calculations 
through formally learned processes called algorithms. The application of these algorithms allow the 
solving of extremely complex calculations in simple steps through an understanding and knowledge 
of basic number bonds, the multiplication (and division) tables and, above all, an understanding of 
place value in the base-10 number system. Conversely, the failure of learners to understand the 
number system and to master arithmetic operations beyond the reach of the simple counting of 
single units renders learners incapable of developing any degree of mathematical proficiency. 
 
With respect to the process of learning itself, the findings of Phase I, as well as a great deal of both 
local and international research, indicated that it is increasingly apparent that ‘learner-centred’ 
approaches based on ’constructivism’ as a theory of learning is only workable, if at all, once basic 
mathematical skills have already been acquired. Further, an increasing body of research 
demonstrates that these basic skills are best acquired through an approach stressing direct 
instruction combined with extensive drill and practice and, consequently, the Phase II PMRP 
materials are based on this approach. Teachers would teach learners who would, in turn, be 
provided with extensive opportunities to learn and practice newly-introduced skills through many 
more exercises than current materials typically provide. The importance of memory; short and long 
term, and the complex interaction between them in learning was given close attention. The materials 
are based on the proposition that the development of complex cognitive comprehensions is based, in 
the first instance, on the fundamentals of memory. Learned facts, and sets of facts, establish a neural 
structure that is explored and explicated through regular applied exercises before the freedom to 
manipulate facts, see relationships between them and apply this understanding to problem solving 
can be achieved. 
 
Phase I provided clear empirical evidence of the inability of learners to handle or manipulate 
numbers with any degree of competence and the NSE confirmed that the key problem area lies in a 
failure to achieve the assessment standards of Learning Outcome One. In particular, Phase I 
demonstrated that the ‘concrete’ counting methods, results of ‘discovery’ and  ‘learner-centred’ 
approaches, combined with the perceived prohibition of memorization, drill and practice that are 
assumed to provide insight into the nature of mathematical operations do exactly the opposite – they 
‘freeze’ learners at an exceptionally simplistic level of problem solving methods that ensures they 
will be unable to handle cognitively complex problems in any of the other learning outcomes – 
every learning outcome requires the ability to calculate! 
 
Consequently, the materials deal only with Learning Outcome One of the National Curriculum 
Statement. The materials consist of complete lessons organized in detailed weekly and daily 
sequences. The teacher manuals provide all of the material; topics, content, methodology, required 
to teach LOI in the correct curriculum sequence and progression. The learner workbooks provide all 
of the corresponding content, drills, exercises and extensions. The lesson plans for Days One to 
Four for each week are based on a logical structure that supports the entire teaching, learning and 
assessment process of the PMRP, while Day Five provides opportunities for review, assessment, 
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enrichment and remediation. Along with direct teacher instruction, each daily lesson provides sets 
of many exercises for learners to practice the content with which the lesson deals. 
 
We have already seen that virtually all classes have become, in effect, multi grade classes in which 
many learners are two, three or even four grades below their required standards. Consequently, 
materials developed for our school system must take into account this fact; the PMRP materials do 
this by providing sections in the learner workbooks that cover the assessment standards from Grade 
3 to Grade 6 level for each assessment standard. Learners enter the programme through a diagnostic 
test which measures their personal grade competency level for each of the four operations against 
the NCS for mathematics for Grades 3 to 6. They are subsequently directed to the learner workbook 
section that corresponds to that level of competency. Teacher content input in each lesson, always 
based on the direct instruction of an algorithm or problem-solving rule/method, is the same for all 
groups. However, the subsequent section of the lesson provides multiple exercises for practicing the 
algorithm or method in which learners work with problems based on their current level of 
comprehension. Results for the daily exercises are collected weekly and used as the basis of a 
continuous assessment system indicating when learners are ready to move on to the next level of 
demand in terms of the assessment standards. There are also three formal assessment points during 
the 14 week programme, again allowing for movement between groups. 
 
The materials are, therefore, designed to use assessment as continual feedback on how well teachers 
and individual learners are achieving the required assessment standards for the different grade 
levels. Consequently, it should be possible for learners to progress from one grade level to the next 
during the course of working through the materials and it was of special interest to the field research 
to find out if this is possible or achievable in practice – and if the effect could be measured. 
 
In summary, the programme materials developed in Phase II were based on five key principles 
derived from Phase I: 
• Empirical research as the basis of materials development. 
• Experimentation with a structured ‘teacher-centred’ approach to the learning of basic and 

foundational skills involving an emphasis on structured direct instruction by teachers, and the 
use of memorization, drill and extensive regular practice for learners, before extensions into 
‘learner-centred’ activities (games, puzzles, etc.) are attempted. 

• The need to provide a programme intervention embodying a grade-differentiated capacity 
allowing for teaching in classrooms where learners have widely differing levels of subject 
competence. 

• The institutionalization of a diagnostic and formative assessment system to control the 
exposure of learners to the correct complexity level in practice of learned content. 

• The provision to teachers of a complete syllabus of study, backed by a complete set of 
materials, based on the Assessment Standards of the National Curriculum Statement. 

 
Field Testing of the PMRP Programme 

 
The design of the field test of the materials was submitted to, adapted and approved by the National 
Department of Education. A total of 40 schools were identified in 3 circuits of the Vhembe District 
by the Circuit Managers in Malamulele North East, East and Central Circuits. The 20 schools in 
Malamulele North East and East are all in rural or remote areas while the 20 schools in Malamulele 
Central are located in or close to the more developed ‘urban’ area of Malamulele itself. 
 
The measurement of programme effect on learner performance – the summative impact of the 
PMRP - is based on an experimental model using pre-and post-testing for randomly selected project 
and control groups of equal sizes. 
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Project  Intervention  
 Baseline research  Post project research 
Control  Routine schooling  

 
The control group provides the ‘counterfactual’ – what would have happened to learner scores in 
the project group if the PMRP intervention had not occurred? Impact analysis compares the growth 
in mean scores between pre and post-testing achieved by the two groups – essentially, the gain of 
the control group is subtracted from that of the project group to measure the impact of the project 
intervention. The project and control groups are of equal sizes (in terms of schools/classes) to 
ensure that the data derived from both of them have the same sampling error with a confidence level 
of 95% and a precision of just under 2%. This provides reliably comparable data from both groups 
based on a sensitive instrument which has, in addition, a reasonably large number of items – thus 
increasing both sensitivity and reliability, especially in terms of percentage figures derived from 
raw scores. 
 
The test instruments were constructed from a number of different sources and were divided into a 
number of parts. The sources of the items were: 

 The items dealing with Learning Outcome One from the previous version of the National 
Systemic Evaluation. 

 Learning Outcome One items from the instruments regularly used by ESA, and upon which 
Phase I was based. These instruments have long proved themselves capable of consistently 
delivering reliable field data about comparative learner performance. 

 The development of 8 simple word sums matched to 8 operations from part 2. 
 For the post-tests, 20 items dealing with the four operations were developed in the Grade 6 

instrument to measure the degree of difference between groups in terms of items based on the 
assessment standards for Grades 5 and 4. The intention here was to provide an indicator of 
impact on Grade 6 learners who may not yet have reached Grade 6 standards. 

 
Each test instrument is printed on one side of each page with the other left free for rough workings; 
this provided us with another indicator - based on the actual problem-solving methods used by 
learners. At baseline, simple counting methods overwhelmingly dominated problem-solving in both 
groups at both grade levels. Since a key objective of the programme was to change this situation, 
the design predicts that the programme would result in both: 

 A significant increase (i.e. over +2%) in score of the project group over the control group 
between pre-and post-testing. 

 A significant difference in the frequency of calculation methods, as against counting methods, 
in the project over the control group by the end of the programme. 

 
The selected schools were randomly divided into project and control groups. Grades 4 and 6 were 
chosen because the materials are directed to the Intermediate Phase, though they do start from the 
Grade 3 assessment standards, for obvious reasons. At each school, the whole class of each 
participating teacher was tested and lesson observations carried out in their classes, interviews with 
these teachers and with the principals were also completed. The testing provided the data against 
which impact on learner performance would be measured, while the observations and interviews 
were primarily concerned with ensuring that the project and control groups were reasonably well 
matched with regard to factors like socio economic status, supply of materials, presence of other 
intervention projects, existing classroom methods, work scheduling and curriculum management, 
level of drill and practice demanded of learners, frequency and level of applied games, puzzles and 
so on. In this regard, there were no consistent differences between the project and control groups at 
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baseline and they were very similar to each other – idiosyncratic differences at individual schools in 
both groups not withstanding. 
 
At each test session, administered by ESA field-researchers resident in the area and monitored by 
senior researchers, the questions were translated into mother-tongue, almost always isiTsonga with 
some isiVenda, and learners could also ask for translation at any time during the test. No other 
assistance was provided and learners were allowed only a pen or pencil to complete the instrument 
– no scrap paper was provided and the use of calculators was forbidden and closely monitored. 
Strict control was maintained over the instruments and all were accounted for after baseline testing. 
 

Programme Delivery 
 
The principal, HoD and both teachers from each project school were invited to a training workshop 
lasting one and a half days covering the design and use of the teacher and learner materials in 
classrooms. Teachers received personal copies of the Teacher Manual and sufficient copies of the 
Learner workbooks for their whole class. In addition, each teacher received copies of the diagnostic 
test instrument for all of their learners and personal copies of continuous assessment record sheets. 
One week after the training workshop, each teacher received a school visit from a senior researcher; 
the focus of this visit was to ensure that the diagnostic test had been administered and interpreted 
correctly, as well as ensuring that the teacher had commenced using the programme in classrooms. 
Approximately half way through the programme (i.e. 7 weeks) each teacher was again visited; this 
time the focus was on the experience of using the materials on a daily basis. 
 
Teachers were invited to act as teacher-researchers throughout the period and provided with a 
research diary. They were asked to keep notes about what was happening, ideas for improvements, 
criticisms and reflections, and so on. While only a minority of teachers did actually keep this up for 
most of the period, their comments were exceptionally useful. This practice helped convince all of 
the teachers that the study was concerned with the effectiveness of the materials in improving 
learner performance, rather than with the personal quality of the teacher her/himself. Finally, 
schools were asked once during the 14 week period to submit a report on progress to their 
respective circuit managers. 
 
The degree of programme coverage achieved by the teachers was of great importance to the field 
testing of the materials. We were not evaluating the organizational efficiency of ESA and the DoE 
in implementing a given programme intervention but rather trialling the effectiveness of the 
approach embodied in the materials in achieving impact on learner performance. Since these 
materials are based on a sequential and cumulative approach to the teaching and learning of 
mathematical content, it was essential to know the level of exposure of learners to the full 
‘treatment’. In clinical trials of new drugs, where control over exposure to the intervention is very 
much higher, the level of exposure of patients to the treatment is critical to deciding questions of 
impact (i.e. effectiveness of the treatment being trialled.) Consequently, the impact tables that 
follow report the figures in relation to the degree of programme coverage achieved; first for the 
whole sample without regard to coverage, second for learners receiving at least half of the 
programme (7 weeks) and finally for learners receiving at least 80% of the programme (11 weeks). 
 

Programme coverage: n of project group schools 
 

 Grade 4 Grade 6 
Whole sample: irrespective of coverage 20 18 
Minimum of 7 weeks coverage 16 16 
Minimum of 11 weeks coverage 12 9 
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Impact on Learner Performance 
 
Post-project research was conducted in the second and third weeks of November to give the 
teachers as much time as possible to complete the programme. Another full round of qualitative 
research was also carried out in all of the schools; principal and teacher interviews and lesson 
observations. This research confirmed that the only significant change in the groups since baseline 
was the implementation and effects of the PMRP. 
 

Schools and learners: post-project research (n) 
 

 Grade 4 Grade 6 Total 
 Learners Schools Learners Schools Learners Schools 
Project Group 860 20 700 18 1 560 38 
Control Group 740 19 732 20 1 472 39 
Total 1 600 39 1 432 38 3 032  

 
In the tables that follow, impact refers to the change that can be confidently ascribed to intervention 
effect rather than to chance or other variables. 

 The Change in % points rows refer to the absolute change in score between pre and post-
testing expressed in percentage points, i.e. the actual amount by which the score changed for 
that group; a positive (+) symbol indicates that the score has increased since baseline, a 
negative (-) symbol the opposite. 

 The % increase on baseline rows refer to the extent of the increase between pre and post-
testing expressed as a proportion of the baseline score of that group. Again, a positive (+) 
symbol indicates that the score has increased since baseline, a negative (-) symbol the 
opposite. 

 The Impact: % points rows refer to the difference in the change in score of the project and 
control groups measured in % points. Here a positive (+) symbol indicates that the gain in 
score of the project group has exceed that of the control group. 

 The Impact: % increase rows refer to the difference in the change in score of the project and 
control groups measured by % increase over the baseline score. Again, a positive (+) symbol 
indicates that the gain of the project group has exceed that of the control group 

 
The first set of tables report the results obtained for both grades in relation to the mean of the whole 
test while later tables deal with the different parts of the test. 
 

Impact on learner performance: uncontrolled for coverage (%) 
 

Grade 4 Grade 6
Project Group 
Baseline 17.93 15.32
Post Test 30.27 28.91
Change in % points +12.34 +13.59
% increase on baseline +68.82 +88.71
Control Group 
Baseline 15.59 12.03
Post Test 18.54 15.03
Change +2.95 +3.0
% increase on baseline +18.92 24.94
Impact: % points +9.39 +10.59
Impact: % increase +49.90 +63.77
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These impact figures provide clear evidence of significant intervention effect well beyond the 
statistical significant threshold of +2%. Since the table is based on all of the data for both groups 
uncontrolled for the extent of programme coverage and makes no distinction between data from 
schools where learners may have received as little as 3 or 4 weeks (21% or 28%) exposure and 
those where learners have received over 11 weeks (80%) exposure, this is clearly the ‘worst case 
scenario and it can reasonably be assumed that the figures in this table represent the lowest level of 
impact likely to be achieved by the programme in future. To provide some idea of the relative 
educational and socioeconomic significance of these figures, reference is made to a recent study 
which provided a summary of 20 evaluations dealing with mathematics interventions. Only one of 
these interventions reliably measured an impact in one of the Grades close to that of the PMRP in 
percentage points (+9.2%), and the mean of +1.12% is far below the mean of 9.99% for both grades 
for the PMRP. It is important to note that all of these studies were of programmes that were applied 
for very much longer than the 14 weeks of the PMRP - one of them, for example, operated for 5 
years while another operated for 4 years - whatever effects they achieved took much longer to 
achieve at a much higher cost. The clear implication is that significant change in learner 
performance in mathematics need not take years to achieve if the appropriate approach and methods 
are applied.  
 

Impact on learner performance: controlled for coverage: 11 weeks (%) 
 

Grade 4 Grade 6
Project 
Baseline 18.09 14.68
Post Test 36.48 33.28
Change +18.39 +18.60
% increase on baseline +101.66 +126.70
Control 
Baseline 15.59 12.03
Post Test 18.54 15.03
Change +2.95 +3.0
% increase on baseline +18.92 +24.94
Impact: % points +15.44 +15.60
Impact: % increase +82.74 +101.76

 
These figures provide the most reliable measurement of the impact of the approach and 
methodology of the PMRP programme in that learners have been exposed to a reasonably complete 
degree of coverage of the programme. There is over 80% improvement in baseline scores at Grade 
4 and over 100% at Grade 6. Whether expressed as a greater gain in the project group in percentage 
points, or as a greater gain in increase over the initial baseline score, the figures are all evidence of 
genuinely significant improvements in learner performance that can confidently ascribed to the 
PMRP. 
 

Summary of % point gain between baseline and post-testing 
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The graph very clearly illustrate the effect of increasing degrees of completeness of programme 
coverage; it also illustrates the critical nature of generic issues of completeness of curriculum 
coverage in schools in general. 
 
We have already noted that the test instrument is divided into a number of parts, each dealing with a 
different element of Learning Outcome One. All the ‘controlled’ figures in the tables that follow are 
derived from schools that completed at least 11 weeks (80%) of the programme intervention in 
classrooms; the 50% category has been excluded for the sake of brevity. 
 

Part 1: LO1 items from the previous version of the NSE instruments (%) 
 

 Grade 4 (12 items) Grade 6 (16 items) 
 Uncontrolled Controlled Uncontrolled Controlled
Project  
Baseline 23.17 21.58 20.19 18.50
Post Test 30.00 36.83 25.38 32.12
Change +6.83 +15.25 +5.19 +13.62
% increase on baseline +29.50 +70.67 +25.70 +73.62
Control  
Baseline 23.42 23.42 17.75 17.75
Post Test 17.92 17.92 19.75 19.75
Change -5.50 -5.50 +2.0 +2.0
% increase on baseline -23.48 -23.48 +11.27 +11.27
Impact: % points +12.33 +20.75 +3.19 +11.62
Impact: % increase +52.98 +94.15 +14.43 +62.35
 
Whether controlled for coverage or not, all of the impact measures are significant beyond the 
threshold of +2% in percentage points. Since the NSE instrument covers the whole of LO One it is 
not surprising that the scores controlled for 80% of coverage are dramatically better – the learners 
have covered much more of LO One in the programme. These scores are especially significant in 
that they are derived from items that have been used by the DoE itself in national testing and that 
cannot be said to be biased toward the PMRP programme. 
 

Part 2: Operations items from ESA instrument 
 

 Grade 4 (20 items) Grade 6 (20 items) 
 Uncontrolled Controlled Uncontrolled Controlled
Project  
Baseline 20.75 22.15 17.05 17.35
Post Test 35.80 40.20 35.25 41.35
Change +15.05 +18.05 +18.20 +24.00
% increase on baseline +72.53 +81.49 +106.74 +138.33
Control  
Baseline 18.35 18.35 13.35 13.35
Post Test 23.90 23.90 17.10 17.10
Change +5.55 +5.55 +3.75 +3.75
% increase on baseline +30.24 +30.24 +28.09 +28.09
Impact: % points +9.50 +12.50 +14.45 +20.25
Impact: % increase +42.29 +51.25 +78.65 +110.24
 
This part of the test dealt with the four operations at the relevant assessment standards and the gains 
are again obvious, especially for the controlled scores. There can be no doubt that the ability of 
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learners to deal with operations problems was very significantly improved over the course of the 
programme; even the uncontrolled gain scores are high. Since this was a major objective of the 
programme that was clearly achieved, it can be assumed that the ability of learners to handle any 
type of question involving a calculation should also improve and the next two tables lend strong 
support to this assumption, as do the figures for the NSE items in Part 1. 
 

Part 3: Generic LO1 items from ESA instrument (%) 
 

 Grade 4 (11 items) Grade 6 (22 items) 
 Uncontrolled Controlled Uncontrolled Controlled
Project  
Baseline 14.91 14.91 10.43 10.70
Post Test 29.45 36.73 18.64 22.68
Change +14.54 +21.82 +8.21 +11.98
% increase on baseline +97.52 +146.34 +78.71 +111.96
Control  
Baseline 12.64 12.64 8.26 8.26
Post Test 16.36 16.36 9.27 9.27
Change +3.72 +3.72 +1.01 +1.01
% increase on baseline +29.43 +29.43 +12.23 +12.23
Impact: % points +10.82 +18.10 +7.20 +10.97
Impact: % increase +68.09 +116.91 -66.48 +99.73
 
As predicted, learners in project schools performed well on this component of the instrument which 
essentially extends Part 1 (NSE items). The items dealt with shapes, fractions, conversions, 
relationships, sequences and factors. Besides the content instruction and practice they received, they 
were also simply more able to carry out any required calculations and were much more aware of 
place value in any kind of number manipulation. 
 

Part 4: Word sums involving the extraction and solving of basic operations 
 

 Grade 4 (8 items) Grade 6 (8 items) 
 Uncontrolled Controlled Uncontrolled Controlled
Project  
Baseline 9.37 9.00 10.62 9.87
Post Test 22.25 28.75 24.37 27.5
Change +12.88 +19.75 +13.75 +17.63
% increase on baseline +137.33 +219.44 +129.47 +178.62
Control  
Baseline 7.12 7.12 7.25 7.25
Post Test 12.12 12.12 7.62 7.62
Change +5.00 +5.00 +0.37 +0.37
% increase on baseline +70.22 +70.22 +5.10 +5.10
Impact: % points +7.88 +14.75 +13.38 +17.26
Impact: % increase +67.11 +149.22 +124.37 +173.52
 
These figures are very significant indeed for both the controlled and uncontrolled data. These large 
increases in ability to solve word sums involved two factors; first an ability to extract the 
calculation from the language problem (semantic understanding) and, second, an ability to actually 
perform the calculation. The programme does lay stress on understanding that sentences like ‘how 
many sweets does each child have’ involve a division calculation, and so on. This, coupled with 
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their regular practice of word sums and calculations in general, has improved their ability well 
beyond that of the control group exposed to a different approach. 
 
The next table deals with the component of the instrument that was added for Grade 6 at post-
testing; the (20) items deal with the four operations based on the assessment standards for the two 
previous grades. 
 

Part 5: Operations covering the Assessment Standards for Grades 4 and 5: Grade 6 only (%) 
 

 Uncontrolled Controlled
Project 38.5 45.1
Control 17.5 17.55
Difference +21.0 +27.55

 
Once again the impact is very significant in both controlled and uncontrolled data. This clearly 
demonstrates the effectiveness of materials in improving learner performance on assessment 
standards prior to the grade level in which they find themselves. This feature is essential in terms of 
multi-grade classes in which many of the learners are far below required competency levels; it is 
essential that all learners in multi-grade classes can improve even if they cannot reach the standards 
for the grade in which they are enrolled. 
 

Learner Performance in the Four Operations 
 
The next two tables analyze the data in terms of each of the four operations in Part 2 of the 
instrument. In general, we knew that scores nationally for addition and subtraction are relatively 
much higher than those for multiplication and division because of the greater ease of using simple 
unit counting methods to solve them. In the event, the impact on learner performance in all of the 
operations was significant but this improvement was most marked in multiplication and division. 
The full set of figures is provided for multiplication only – all of the operation s are reported in the 
report proper. 
 

Impact on performance on multiplication problems (%) 
 

 Grade 4 (5 items) Grade 6 (5 items) 
 Uncontrolled Controlled Uncontrolled Controlled
Project  
Baseline 7.40 7.00 2.80 2.20
Post Test 20.20 23.80 15.80 22.00
Change +12.80 +16.80 +13.00 +19.80
% increase on baseline +172.97 +240.00 +464.29 +900.00
Control  
Baseline 6.80 6.80 1.40 1.40
Post Test 10.60 10.60 2.60 2.60
Change +3.80 +3.80 +1.20 +1.20
% increase on baseline +55.88 +55.88 +85.71 +85.71
Impact: % points +9.0 +13.00 +11.80 +18.60
Impact: % increase +117.09 +184.12 +378.58 +814.29
 
These figures are unequivocal in providing evidence of really significant impact in multiplication. 
While the huge figures for % increase over baseline are obviously affected by the very small base 
from which they are calculated, the relative differences between project and control groups are 
unaffected – both groups started from a very small base and the project group improved enormously 
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relative to the controls. It is not really surprising that this should be so – the PMRP made a 
concerted effort to curtail the use of unit counting, and increase the level of memorization, drill and 
retrieval of the times tables, as well as borrowing and carrying (place value. There can be no serous 
doubt that this approach is far more effective enabling learners to easily perform multiplication (and 
division) problems quickly and accurately – learners have actually learned to calculate. 
 

School Level Analysis: Distribution of Impact 
 
Nick Taylor has commented: 
“The first major lesson to emerge from intensive activity over the last two decades aimed at 
improving teaching and learning in poorly performing schools, is that only a fraction of such 
schools are amenable to improvement. The remainder have a propensity to absorb all resources 
directed towards them, without showing any signs of the slightest improvement. If … school 
improvement initiatives … were able to select only those schools which are amenable to 
improvement, the mean gains would be many orders of magnitude higher, and these would be 
achieved at a fraction of the cost.” (Schools, Skills and Citizenship. JET, 2006. 
 
Note that the mean of gain scores in the two tables that follow are calculated by taking a mean of 
the school/grade mean scores, whereas the impact tables above calculate the school/grade means 
against the n of individual learners. 
 

Distribution of impact: uncontrolled for programme coverage 
 

 Grade 4 (n:20 schools) Grade 6 (n:18 schools) 
Change greater than +2% (+ve impact) 18 = 90% 17 = 94.4% 
Change between +2% and -2% (no impact) 1 = 5% 0 
Change lower than -2% (-ve impact) 1 = 5% 1 = 5.6% 
Range of gains in school mean scores (%) +23.91 to -8.1 +27.78 to -3.80 
Mean of school gain scores (%) +12.45 +13.80 
 
Using +2% as the threshold of statistical significance, 90% of the schools indicated positive impact 
on learner performance, while only one (5%) registered no impact at Grade 4 level and one 
registered negative impact at Grades 4 and 6 levels respectively. These proportions of schools 
providing evidence of, at least, statistically significant impact are well beyond those obtained in 
studies of other intervention programmes. The performance of the PMRP in this regard can be 
gauged by comparing the data with derived from another study of a programme dealing with 
mathematics at Grades 3 and 6 levels in 3 provinces that has lasted for 3 years. 
 

Distribution of Impact by % of schools/grades: Project X 
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The very much better performance of the PMRP programme in achieving positive impact across a 
large proportion of the participating schools is obvious. This is even more true once we control the 
project scores for programme coverage; once half of the programme is applied all of the schools 
record a gain in mean score well over +2%, in fact none of these schools/grades recorded a gain 
lower than +5.5%. 
 

Distribution of impact: controlled for programme coverage 
 

 Grade 4 (n:20 schools) Grade 6 (n:18 schools) 
 50% coverage 80% coverage 50% coverage 80% coverage 
Schools 16 = 80% 12 = 60% 16 = 88.8% 9 = 50% 
Range of gain scores (%) +23.91 to +6.23 +23.91 to +12.68 +27.78 to +5.5 27.78 to 13.26 
Mean of gain scores (%) +15.77% +18.39 +15.38 +21.26 
 
When the scores are controlled for coverage of at least 11 weeks, none of the schools recorded a 
gain lower than +12.68%. 
 

Problem Solving Methods 
 
Firstly, let us recall that the discussion of the research design stated two central predicted impacts: 

 A significant increase (i.e. over +2%) in score of the project group over the control group 
between pre-and post-testing. 

 A significant difference in the frequency of calculation methods, as against counting methods, 
in the project over the control group by the end of the programme. 

 
We have seen that the first objective has been achieved. Given the theoretical basis of the 
programme, it would be very surprising indeed if the second were not also achieved. Phase I of the 
PMRP concluded that the inability of learners to perform calculations, especially using larger 
number numbers, caused by a near-total reliance on simplistic counting methods was the central 
problem inhibiting the development of more complex cognitive competencies in mathematics. A 
sample of 50% of the completed scripts was chosen at random (every second test) from a sample of 
50% of the schools, also randomly selected (every second school). Each script was analysed in 
terms of both individual learners (scripts) and the proportion of types of methods against the total 
number of workings in the same scripts; the first tells us what proportion of learners rely on the 
different methods, the second the global proportions of each method used in classrooms. 
 
Frequency of methods used: % of scripts 
 

 Grade 4 Grade 6
Project 
Unit counting only 35.7 3.2
Unit counting used in over half of all workings 24.2 3.2
Whole numbers used in over half of all workings 22.5 33.7
Whole numbers only 17.6 59.9
Control 
Unit counting only 63.1 37.7
Unit counting used in over half of all workings 26.2 14.7
Whole numbers used in over half of all workings 8.6 36.6
Whole numbers only 2.1 10.9
 
The evidence of significant impact on the types of methods learners use is striking; at Grade 4 level 
35.7% of learners in project schools rely exclusively on unit counting as against the 63.1% in 
control schools; the comparable figures for Grade 6 are equally compelling: 3.2% as against 
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37.7%. Conversely, 17.6% of learners at Grade 4 level in project schools work exclusively in 
whole numbers as against the 2.1% in control schools and the Grade 6 figures are again 
significantly better: 59.9% as against 10.9%. 
 
These figures provide strongly supportive evidence that the PMRP has succeeded in altering the 
pattern of learning solving methods employed by learners in project schools – they are far more 
capable of performing conventional calculations than are the learners in the control schools. 

 

Frequency of methods used: Grade 4 (learners)
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Frequency of methods used: Grade 6 (learners)
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The second analysis compares types of workings against the global totals for all workings. 

 
Frequency of methods used: % of all workings 

 

 Grade 4 Grade 6 
Project  
Unit counting 42.4 5.8 
Whole number repeated operations 6.2 8.4 
Whole number calculations 39.3 85.6 
Control  
Unit counting 82.6 45.4 
Whole number repeated operations 4.3 10.3 
Whole number calculations 13.1 44.3 
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Once gain, the evidence is clear and unambiguous. While 42.2% of all the workings used by 
learners in project schools at Grade 4 level employed unit counting, the figure for the control 
schools was a staggering 82.6% and the comparable figures for Grade 6 are 5.8%  and 45.4%. 
Conversely, 39.3% of all problems solved by learners at Grade 4 level in project schools used 
whole number calculations as against the 13.1% in control schools and the Grade 6 figures are 
again significantly better – 85.6% as against 44.3%. 
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All of the data presented provides clear and consistent evidence of the achievement of the 
objectives of the PMRP against the key summative impact indicators; learner scores have genuinely 
improved across a large proportion of the sample and problem solving methods have changed 
dramatically. Consequently, it is safe to conclude that the validity of the theoretical design and 
methodological application of the PMRP programme has received strong empirical support, far 
beyond the threshold of statistical significance, in improving levels of learner performance in 
mathematics in Intermediate Phase. 
 
These effects were obtained over a 14 week programme. 
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SECTION ONE 
 

THE CONTEXT OF THE FINAL REPORT 
 

 
The origins of the Primary Mathematics Research Project (PMRP) lie in an extended period of 
research in South African education since the watershed year of 1994. This research, consequently, 
took place within the context of the transformation of the national education system up to 2004 - a 
transformation that is intended to increase access to schooling, eradicate the inequitable and 
dysfunctional effects of the past and provide the basis for a sustained period of individual and 
economic development. Central to the achievement of the long-term strategic objectives of 
educational transformation are questions of quality of outcome, especially in relation to 
mathematics and science. 
 
1. Skill Shortages in the National Economy 
 
While the exact dimensions of the problem of skills shortages in the national economy are difficult 
to establish due to differing definitions of types and skill levels of required competencies, as well as 
projected and potential levels of economic growth, there is a generalized agreement that South 
Africa is facing severe constraints on economic growth generated by a shortage of skills, 
particularly in the mathematical, scientific, technological and technical sectors. 
 
Economic growth is obviously of central importance to a society with around one-quarter of the 
population unemployed. The country has recently committed significant resources to the 
Accelerated and Shared Growth Initiative (ASGISA) and the recently launched Joint Initiative on 
Priority Skills Acquisition (JIPSA) is targeted on the provision of skills to support growth. 
 
There are two clear implications of a failure to achieve higher levels of economic development: 
 

 The shift from a raw material and manual labour-based economy to a value-added and 
information-based economy, essential to prosperity in the global marketplace, will be 
significantly slowed. If we cannot supply the required skills, in the correct proportions, 
sustained growth in unemployment will be the result, with the obvious probability of 
significant social conflict - very high levels of crime are already evident. 

 
 The continuation of large internal disparities in skills development and economic participation 

exacerbates the problem of ‘two nations’ within the country. One ‘nation’ is relatively small, 
if no longer entirely racially exclusive, generally technologically literate and prosperous - the 
other is large, relatively technologically illiterate, poor and still very largely Black1; again, the 
obvious probability is for significant social conflict. 

 
In an effort to distinguish more clearly the details of the skills shortage, a recent review of the 
literature by the Development Policy Research Unit (DPRU)2 at UCT identified a number of key 
areas in which demand was high and likely to grow, those most relevant to this report are: 

 Engineers, especially in the electrical, chemical and industrial sectors 
 Natural scientists 
 Engineering technicians 
 Highly skilled IT professionals 

                                                           
1 Minister of Labour Mdladlana was quoted in the Mail and Guardian as estimating that 30% to 40% of the population 
had ‘no education’ and could not read and write. (“Mdladlana: Skills Shortage Remains a Problem”, 7 July 2006). 
2 Daniels, R. “Skills Shortages in South Africa: A Literature Review”. DPRU Working Paper 07/121 (2007). 
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 Shortages of PhD’s amongst staff in tertiary institutions 
 Doctors (largely due to emigration) 
 Teachers 
 Other occupations requiring mathematical ability (accountancy, for example) 
 ‘Inadequate attention to mathematics and science in schools limits the supply of scientists and 

technologists and cannot keep up with demand’. 
 
In short, it is clear that the country needs to improve the supply of skills for which the prerequisite 
is numeracy and mathematics. It is equally clear that the development of these skills is based, in the 
first instance, on the national school system. However, while the state has achieved a greatly 
increased level of access to schooling, the quality of the outcomes of both the primary and 
secondary systems remains an issue of great national concern. 
 
2. The Outcomes of Mathematics Education 
 
2.1. Performance at Secondary Level 
 
Until recently, the only national measure of the outcomes of the school system has been the 
matriculation, examinations. 
 
Table One: Summary of outcomes of the matriculation examinations: 1996 to 2006 
 

Year Candidates: 
all subjects 

Failed 
(%) 

Pass with 
exemption (%)

Math 
candidates

Pass HG 
(%) 

% of math 
candidates

% of all 
candidates

1996 518 077 44,6 15 214 720 31 545 14,7 6,1 
1997 538 189 50,8 13 252 618 31 590 12,5 5,1 
1998 552 862 50,6 13 279 702 28 849 10,3 5,2 
1999 511 474 51,1 12 281 304 27 187 9,7 5,3 
2000 489 941 42,0 14 284 017 24 877 8,8 5,1 
2001 449 371 38,3 15 263 945 19 504 7,4 4,3 
2002 443 821 31,1 17 260 989 20 528 7,9 4,6 
2003 440 267 26,7 19 258 323 28 693 11,1 6,6 
2004 467 985 29,3 18 276 094 24 143 8,7 5,2 
2005 508 363 31,7 17 303 152 26 383 8,7 5,2 
2006 528 525 33,4 16 330 513 25 217 7,6 4,8 
Total 5 448 875 39,1 15 3 005 377 288 516 9,6 5,3 
Sources: EMIS Reports of National Department of Education, CDE, CEPD, Ministerial Statements 
 
Well over 5,4 million learners wrote the matriculation examinations over the eleven years between 
1996 and 2006 - just over 3 million of them (55,2%) wrote the mathematics exam, while only 
288 516 (5.3%) achieved a pass at Higher Grade in mathematics. 
 
The matriculation class of 2006 is particularly interesting in that it was the first ‘post-Apartheid’ 
cohort of learners that has passed through the school system since 1994. A total of 1 676 273 
learners were enrolled in Grade 1 in 1995 - these learners were in Grade 4 in 1998, the year that 
Outcomes Based Education was introduced in the form of C2005. 
 

 528 525 learners (31,5%) survived to write the matric exams in 2006 
 330 513 learners (19,7%) wrote the mathematics exam 
 25 217 learners (1,5%) achieved a pass at Higher Grade in mathematics 
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Commenting on this level of inefficiency in the school system in a 2001 report to parliament 
(SCOPA), Jeremy Seekings3 commented that: 
“If all students progressed into the next grade each year, and none dropped out, and all students 
taking the matric exam passed it, then the average number of school years per matric pass would be 
twelve …(however) … the number of school-years per pass is much higher than this. The best 
estimates are that it takes some eighteen to twenty years to ‘produce’ one Grade 12 enrolee, and 
some 36 years to produce one matric pass.” (pg 9). 
 
Seekings was referring to all subjects, so if one specifically considers only mathematics passes, the 
level of inefficiency is obviously very much higher – it appears reasonable to speculate that the 
number of school years would, at least, be doubled to an astonishing 72 school-years to produce 
one Higher Grade pass4. One way or the other, it is very clear that something is going seriously 
wrong in mathematics education long before learners reach Grade 12 and, even if they do get there, 
very few of them will achieve a pass at the higher levels of mathematics. 
 
2.2. Performance at Primary Level 
 
A recent report from the Centre for Development and Enterprise 5 comments that there is ‘abundant 
evidence that in … poorly performing schools, the problem starts at primary level’ and goes on to 
say that ‘… the primary school numeracy failure needs to be addressed and, until it is, system-wide 
and sustained improvement will not be possible’ (pg. 30). The report nominates some of the central 
causes of failure at the primary level as: 

 Limited time-on-task 
 Incomplete curriculum coverage 
 Lack of progression in abstraction and conceptual demand 
 Deficits in teacher content knowledge 

 
The result is that learners fall increasingly short of the learning objectives for each succeeding 
grade. Much other current research supports the contention that there is a progressively widening 
gap between the intended and received curriculum as learners pass through the school system from 
enrolment at primary level en route to the matriculation examinations. 
 
The National Department of Education has established the National Systemic Evaluation based on 
the Assessment Standards of the National Curriculum Statement. In addition, South Africa has 
participated in three large-scale international comparative studies: 

 Monitoring Learner Achievement Study (MLA) 
 Trends in Mathematics and Science Study (TIMSS) 
 Southern and Eastern African Consortium for Monitoring Educational Quality (SACMEQ) 

 
2.2.1. National Systemic Evaluation (NSE) 
 
The first cycle of the NSE was conducted at Foundation Phase level (Grade 3) in 2000, while the 
second cycle was conducted at Intermediate Phase level (Grade 6) in 2005. Large samples are used 
- in 2005, 34 015 learners were selected from 998 schools in all 9 provinces – and both cycles of the 
NSE have confirmed that the majority of children are performing poorly. 

                                                           
3 Seekings, J. “Making an Informed Investment: Improving the Value of Public Expenditure in Primary and Secondary 
Schooling in South Africa: Report for the Parliament of South Africa.” (CSSR/UCT, 2001). 
4 While the figure is speculative, remember that only 6,2% of the learners who passed matric in 2006 did so with a pass 
at HG math. 
5 Simkins, C., Rule, D. and Bernstein, A. “Doubling for Growth: Addressing the Maths and Science Challenge in South 
Africa’s Schools”. CDE, October, 2007) 

 ESA 



Final Report of the Primary Mathematics Research Project 4

Table Two: Mean scores of learners: NSE (%) 
 

Grade 3 Grade 6 
Literacy Numeracy Life Skills LOLT* Mathematics Science 

54 30 54 38 27 41 
* LOLT refers to the Language of Learning and Teaching, overwhelmingly English 
 
In the Grade 6 cycle, learner performance was graded on a scale of achievement in terms of the 
Assessment Standards of the National Curriculum Statement - more than half of all learners are 
performing well below expected minimum levels in all of the 3 areas, especially so in mathematics. 
 
Table Three: Learners at different achievement levels of NCS (%) 
 

 Test score range Language Mathematics Science 
Not achieved 1% to 39% 63 81 54 
Partly achieved 40% to 49% 9 7 15 
Achieved 50% to 69% 14 8 23 
Outstanding 70% to 100% 14 4 8 
 
2.2.2. International Comparative Studies 
 
All three of the international studies demonstrated that the majority of South African children are 
achieving performance levels well below those of their counterparts in both Africa and in the rest of 
the world. 
 
Furthermore, the figures for learners who did not meet the minimum expected levels for their grade 
recorded in these studies were strikingly similar to those obtained in the Systemic Evaluation – 
lending powerful support to the findings of all of the studies. 
 
Table Four: Proportion of learners who did not achieve minimum expected standards (%) 
 

 NSE: Grade 6: 2005 SACMEQ: Grade 6: 2000 TIMMS: Grade 8: 2003 
Mathematics 81 84 82 
LOLT 63 66 n/a 
Science* 69 n/a 77 
* Figures for Science refer to learners who achieved less than 50% 
 
Perhaps most disturbingly, the SACMEQ study found that, in Grade 6, an astonishing 52% of 
learners in mathematics were achieving scores at the Grade 3 level or lower. 

Figure One: Proportion of learners at SACMEQ levels of competency 
in mathematics
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To place this in perspective, the equivalent South African grade levels for the SACMEQ levels have 
been described by Moloi6 as: 
 
Table Five : Comparison of SACMEQ and NCS grade levels 
 

SACMEQ level Grade level 
8 ++7 
7 +7 
6 7 
5 6 
4 5 
3 4 
2 3 
1 2 and below 

 
The relative performance of learners in the NSE on different aspects of our curriculum is 
particularly illuminating. When the mathematics results are analysed by learning outcome it is clear 
that learners perform most poorly in the basic foundational skills dealt with in Learning Outcome 
One – numbers, operations and relationships. 
 
Table Six: National mean scores for learning outcomes (NSE) 
 

Learning Outcome Content Mean Score 
One Number, operations and relationships 20% 
Two Patterns 34% 
Three Shape and Space 41% 
Four Measurement 25% 
Five Data Handling 30% 
 
2.2.3. Trends In Learner Performance 
 
Many of the learners tested at primary level in the studies we have reviewed began their schooling 
after 1988 when the new OBE curriculum (C2005) was introduced – children in Grade 9 in 2006 
were in Grade 1 in 1998. There is a great deal of impassioned argument about whether the quality 
of the outcomes of education in schools has improved over this period and, consequently, whether 
we can expect a consonant improvement in performance in the matriculation examinations as these 
learners reach that level in future. 
 
Unfortunately, we have very little empirical information on this issue. The NSE is currently testing 
Grade 6 learners for the second time and, once the data is released, this will provide high quality 
and reliable data about the longitudinal trends at this level. At present, however, one of the only 
sources we have is TIMMS7 and it is clear that there was no evidence of any improvement in 
mathematics or science between 1999 and 2003. 
 

                                                           
6 Moloi, M. “Mathematics Achievement in South Africa: A Comparison of the Official Curriculum with Pupil 
Performance in the SACMEQ II Project”. Paper presented at the Second Meeting of the Consortium for Research on 
School Quality. (April, 2006). 
7 South Africa has recently decided to withdraw from TIMMS. Whatever the reasons, the effect will be to deprive 
researchers of one of the only available sources of cumulative, comparative and longitudinal data. 
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Table Seven: Trends: Mean Scores of SA Sample: 1999 to 2003: TIMMS (%) 
 

 1999 2003 Change 
Mathematics 34.4 33.0 -1.4 
Science 30.4 30.5 +0.1 
 
This finding received strong support for performance in mathematics from the findings of the 
Primary Mathematics Research Project: Phase I, discussed in detail in the next section of this report, 
using data from 6 separate evaluation studies. 
 
Table Eight: Trends: Change in Mean Scores Between Pre and Post-Testing: PMRP (%) 
 

Period Province/s Grade 5 Grade 7 Gr.4 to 7 
2000 - 2003 National +1.7 +1.9 n/a 
2002 - 2004 Gauteng, KZN, E. & W. Cape -1.2 -2.9 n/a 
1998 - 2000 Gauteng, KZN & W. Cape -4.2 -3.1 n/a 
1998 - 2000 Eastern Cape -2.1 -0.1 n/a 
1998 - 2001 Mpumalanga -1.1 -2.3 n/a 
2000 - 2004 North West n/a n/a -2.1 
 
This data has a precision level of 2%, and there is, again, no significant evidence that mathematics 
scores improved between 1998 and 2004 in any of these studies - of the eleven changes, nine are 
negative and six are significant – all reflecting a decline in scores. 
 
None of the currently available data from the primary level suggests that we can look forward to 
learner improvements in performance in mathematics as the ‘post-Apartheid’ cohorts educated after 
the introduction of the new curriculum reach Grade 12. 
 
2.3. Conclusions 
 
The necessary conclusion of all of the data we have reviewed is that learners are routinely being 
promoted from one grade to the next without having mastered the content and foundational 
competences of preceding grades, resulting in a large cognitive backlog that inhibits the acquisition 
of more complex competencies. The rather obvious result is that the continually widening gap 
between what learners are supposed to know in terms of the curriculum, and what they actually do 
learn in classrooms, is the single most significant cause of the low levels of performance of the 
school system - in terms of both the small proportion of learners who survive to write the 
matriculation examinations, and the even smaller proportion who achieve a pass at HG. 
 
Mathematics is an hierarchical subject in which the development of increasingly complex cognitive 
abilities at each succeeding level is dependent on the progressive and cumulative mastery of its 
conceptual frameworks, starting with the absolutely fundamental basics of place value (the base-10 
number system) and the four operations (calculation). However, it is plainly evident that the 
assessment policies and practices used in our schools have failed to produce anything like a 
reasonable degree of ‘fit’ between the expected and actual performance levels of learners on a 
national level. It cannot escape comment that these policies and practices have resulted in well over 
90% of learners being promoted (i.e. assessed as having ‘sufficiently’ mastered the required 
content) from Grade 5 to Grade 6, at the same time that the National Department’s own Systemic 
Evaluation was showing that 80% of them were actually below the minimum expected standard for 
Grade 6. 
 
While the persistently high failure rates in the matriculation examination receive a great deal of 
anguished public and media attention, much less attention is paid to the rather curious fact that the 
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failure rate in the rest of the school system, and especially at primary schools, has been falling 
steadily over recent years; the obvious implication of the research data we have reviewed is that the 
generalized national decline in the failure rate prior to Grade 12 is clearly not due to a 
corresponding generalized increase in the level of learner performance. 
 
In fact, there is empirical evidence from a recent national study8, using a sample of 90 schools, that 
the reviewing of school-level failures by the DoE, resulting in the passing of a number of children 
who had been failed by internal school assessments – a practice referred to as ‘condoning’ their 
promotion - is the most significant factor sustaining the generalized decline in repeat rates in recent 
years. This practice, combined with the policy of allowing only one failure per Phase, and the 
widely held OBE-based beliefs that ‘nobody fails’ and ‘everybody learns at their own pace’, 
appears incompatible with a grade/standards-based education system - unless learners are given the 
opportunity to redo work they have not mastered (i.e. repeat a grade), or some form of streaming 
and/or remediation is applied. 
 
One very significant consequence of all of this is that the majority of South African classes have 
become, in effect, multi-grade classes in which teachers at any level are faced with an enormous 
range of learner abilities in mathematics from the virtually innumerate to the small pool of the 
genuinely competent. This makes it next to impossible to teach to, or assess learners at, the 
appropriate Assessment Standards of the NCS, and the inevitable result is that learners at any level 
of ability are not exposed in full to the conceptual progression inherent in the NCS. 
 
 

 

                                                           
8 Schollar, E. “The Evaluation of the Learning for Living Project: A Project of the Business Trust and the READ 
Organization: 2000 – 2004”. ESA, 2005. 
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SECTION TWO 
 

PHASE ONE OF THE PMRP 
 

 
In mid-2003, at a seminar organized by the Business Trust, Edcent Williams, Chief Director of the 
National Directorate of Curriculum and Assessment, challenged research agencies to find 
constructive applications for the masses of unused field data they had collected over the years of 
researching intervention projects. At around the same time, the Shuttleworth Foundation (SF) 
offered funding for proposals with the potential to add significant value to South African education, 
especially in the areas of mathematics and science. A proposal was subsequently submitted by ESA, 
with the endorsement of Edcent Williams, and accepted by the SF. 
 
1. Approach of the PMRP 
 
Despite years of educational reform and innovation by the state and NGOs it is evident that little 
has been achieved in the field of primary level numeracy – as we have seen. Most, if not all, 
innovation and intervention in this area in the recent past has been theory-driven and dependent on 
the pre-existing pedagogic and epistemological convictions of the innovators, both local and 
international. These approaches, however, have manifestly failed to alleviate the core problem – 
underachievement at primary level leading to the erosion of the effectiveness and impact of routine 
education and developmental innovations alike at secondary and, ultimately, tertiary, level. 
 
Consequently, it was decided from the start to base the PMRP upon empirical research rather than 
upon any particular theoretical approach. This was not intended to discard any specific theoretical 
approach from the outset, but was rather a deliberate decision to try an empirical research-based 
approach instead - to be inductive rather than deductive. The PMRP was, therefore, designed from 
the beginning to both provide an empirical investigation into the outcomes of primary mathematics 
education and to result in the production of materials based upon these findings. 
 
Internationally, the need for this sort of empirical approach to education and materials development 
is becoming increasingly recognized. In an article in the Science Journal section of the Wall Street 
Journal (10 December 2004) the author noted that: 
The U.S. spends some $400 billion a year on K-12 education. Yet unlike other big-ticket items such 
as defense and health care, "education does not rest on a strong research base," as a report from 
the National Research Council put it with polite understatement. "In no other field are personal 
experience and ideology so frequently relied on to make policy choices, and in no other field is the 
research base so inadequate and little used…in 2001 the U.S. Education Department called for 
making education evidence-based. Like evidence-based medicine, it means using only teaching 
methods that are shown to work in solid studies (analogous to clinical trials of new drugs).” Or, as 
Prof. Neville says, "we need the education equivalent of an FDA that would not allow schools to 
implement a practice unless it had empirical support."  
 
2. The Data Sources of Phase I 
 
With the intention of seeking causes for the situation outlined in the previous section of this report, 
ESA re-analyzed all of the existing data bases recording pupil performance between pre and post 
testing conducted during evaluations of completed and current interventions of various kinds 
between 1998 and 2004. In addition, we had retained many thousands of the individual numeracy 
scripts completed during these studies. The instrument is printed on one side of each page with the 
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other left free for rough workings – these working provide a significant source of primary hard data 
about what learners are actually doing when they try to solve mathematical problems. 
 
The report for Phase I contains an analysis of three overlapping data sets. The overall set is derived 
from six studies, conducted in a total of 154 Schools in 35 Districts in all 9 Provinces with 7 028 
randomly selected children between 1998 and 2004. 
• The first set consists of the mean pre and post scores obtained by the control groups in all six 

studies - 4 483 children in all. 
• The second set consists of scores obtained for each item by individual pupils obtained during 

three of the six studies between 2002 and 2004 – 4 256 scripts. 
• The third set consists of the rough workings contained in the same 4 256 individual scripts. 
 
Other than a few ex-HOR schools, all of the schools were formerly from the DET or homeland 
departments of education. The samples were evenly split between urban and rural schools, with 
around one third situated in remote rural areas. In our opinion, the range of schools from which the 
samples were drawn reflects the variety of contexts and conditions in the overwhelming majority of 
South African schools. 
 
2.3. The Numeracy Instrument 
 
The numeracy test used in these studies is a combination of simple and more complex arithmetic 
operations, counting, visual and numeric fractions, shape recognition, symbolic logic, conversions, 
sequences, combined literacy/numeracy word sums and table interpretation - all fundamental to the 
concept of numeracy. Each item includes a worked example to ensure children know what is being 
asked. At each test session, a field researcher read the test questions in English while a teacher 
translated each question into the home language of the children. The teacher, in addition, was 
present throughout the session to provide translations of specific questions to individual children on 
request. This method of test administration most closely resembles the actual teaching and learning 
environment of the classroom and we are convinced that the use of English per se was not an issue 
affecting performance on the instrument. 
 
2.4. Findings Of The PMRP: Phase I 
 
The complete report for Phase I provided a detailed analysis of the three data sets. Only the most 
salient findings are reported in the general summary that follows. 
 
Data Set I 
 
The data was analyzed to reveal trends in performance in numeracy between 1998 and 2004. As we 
have already seen, of the eleven measured changes, no less than nine are negative, while six are 
significant – all reflecting a decline in mean numeracy scores. 
 
Data Set II 
 
This analysis is based upon a sample of 4 256 scripts completed by children in Grades 5 and 7. The 
main component of the second data set consisted of 300 scripts from each province, 2 700 in all, 
obtained in 2003. This component was supported by 100 scripts from each province, 900 in all, 
obtained in 2002 and 200 scripts from Gauteng, KwaZulu-Natal, Eastern and Western Cape, 800 in 
all, obtained in 2004. Of the original 4 400 scripts, 144 were discarded for various reasons (pages 
missing, illegible, etc.) A rank order summary of the item analysis provided in the report is 
reproduced below. 
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Table Nine : Rank order: test item analysis 
 

Rank  Grade 5 (n: 2 329) (%)  Grade 7 (n: 1 927) (%)
1  Counting 81.1  Counting 95.4
2  Arithmetic – simple 60.3  Arithmetic – simple 74.7
3  Shape recognition 43.7  Shape recognition 70.6
4  Relationships between numbers 38.4  Relationships between numbers 66.0
5  Sequence completion  31.7  Sequence completion 58.1
6  Arithmetic - complex 30.3  Table interpretation 55.9
7  Table interpretation 26.0  Recognition of visual fractions 52.9
8  Recognition of visual fractions 25.4  Arithmetic - complex 47.9
9  Word Sums 12.0  Word Sums 30.7
10  Rounding off 11.5  Rounding off 28.7
11  Conversions of length 5.6  Conversions of length 11.6
12  Conversions of fractions 3.8  Conversions of fractions 7.5

 
In general, it should be understood that the test itself is not ‘difficult’ and one could reasonably 
assume that Grade Five, and especially Grade Seven, pupils would fare very much better. The 
assumption is supported by the results obtained by pupils in ex-Model C schools in another small-
scale study in which the mean score for all items was 74.9% and 78.7% for Grades Five and Seven, 
respectively. It will be noted that the Grade Five PMRP sample reported above obtained over 50% 
on only two of the twelve items and over 33.3% on four of them. The Grade Seven sample fared 
somewhat better, as is to be expected, but still obtained under 50% for five of the twelve items. 
 
Analysis of the third data set (the rough workings) revealed that the higher scores for the simpler 
arithmetic problems are due to the ability of children to avoid true calculating by reducing all 
problems to the counting up or down of single units. The relatively lower scores for the more 
complex arithmetic operations are due to the difficulty of tallying counts when larger numbers are 
involved. Children in both Grade Five and Seven find the calculation of conversions almost 
impossibly difficult – because they are problems that cannot be reduced to counting up or down but 
rely entirely upon an understanding of the nature of numbers. 
 
Data Set III 
 
The rough workings contained in each script were scrutinized to produce an analysis of the problem 
solving methods used by pupils. The analysis distinguished between three methods used in the 
solving of arithmetic problems: 
• Unit counting: Where all kinds of problems (add, subtract, multiply, divide) are solved by 

reducing the numbers involved to single unit marks and counting them. Conceptually the 
method amounts to counting on fingers with unit marks substituting for fingers when the 
number involved is over 10. 

• Repeated Operations: Where multiplication and division problems are solved using whole 
numbers, but where the problems are reduced to addition and subtraction processes by 
repeatedly adding or subtracting the numbers involved. For example: 5 x 4 is solved by adding 5 
to itself four times or vice versa. This is, essentially, a more complex version of the above; the 
counting (as against true calculating) takes place through numbers rather than single units. 

• Calculations: Where all kinds of problems are solved using whole numbers in the conventional 
way to calculate (as against count) the solutions. 

 
The first table reflects the frequency of types of methods used by pupils. Since more than one 
method is frequently used by children over the course of one test, each script was scrutinized to 
determine which methods were predominant. The scripts were then sorted into four categories. 
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Table Ten: Frequency of methods used: % of learners 
 

 Grade 5 Grade 7 
Unit counting only 38.1 11.5 
Unit counting used in over half of all workings 23.0 14.6 
Whole numbers used in over half of all workings 18.4 34.2 
Whole numbers only 20.5 39.7 
 
Most importantly, the table indicates that 79.5% of Grade Five and 60.3% of Grade Seven children 
still rely on unit counting to solve problems to one degree or another, while 38.1% and 11.5%, 
respectively, of them rely exclusively upon this method. Secondly, it should be noted that even 
though the table makes no distinction between calculations and repeated operations when reporting 
figures for whole number workings, only 20.5% of children work exclusively in whole numbers at 
Grade Five level and 39.7% at Grade Seven. 
 
The scripts were also scrutinized to determine the absolute numbers of each method used by 
children in relation to the total number of workings recorded in all of the scripts. Since it was very 
difficult to establish the true absolute number of unit counting attempts when children use the same 
set of marks to solve more than one problem, the reported figures for unit counting are definitely 
significantly understated. 
 
Table Eleven: Frequency of methods used: % of all workings 
 

 Grade 5 Grade 7 
Whole number calculations 36.6 53.1 
Whole number repeated operations 13.2 19.5 
Unit counting 50.2 27.4 
 
The table indicates that, of all the problems children try to solve at Grade Five level, at least 50% of 
these attempts use unit counting, and at least 27.4% at Grade Seven. Conversely, only just over one 
third and one half of all the workings of the two grades reflected conventional whole number 
calculations. 
 
Since whole-number calculations are what is conventionally understood to be arithmetic calculating 
as opposed to simple counting, an attempt was made to ascertain the ability of children to use this 
method correctly when it was attempted. 
 
Table Twelve: Types of operations attempted through whole-number calculations 
 

 Grade 5 Grade 7
 % of all 

Calculations 
Correct 

(%) 
 % of all 

Calculations
Correct 

(%) 
Addition 31.6 58.8  31.8 72.7 
Subtraction 40.6 58.2  39.6 74.1 
Multiplication 18.5 39.8  19.7 52.4 
Division 9.3 24.4  9.2 39.6 
 
The table reflects a steep decline in scores when one compares addition and subtraction against 
multiplication and division for both the number of attempts and the number of correct answers. 
Further, a very high proportion of the correct answers for all types of operations involved the use of 
smaller numbers; virtually all of the multiplication and division calculations are performed with 
small numbers, especially as far as correct answers are concerned.  
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Three typical examples of learner problem-solving  methods are reproduced below: 

 
 

 

In this example, drawn from a Grade Five 
script, separate calculations are performed one 
by one until the page is filled; thereafter, 
multiple problems are solved on the same set of 
marks. The method is very confusing when the 
problem involves larger numbers and especially 
so when multiplication and division problems 
are attempted. Many mistakes occur when 
children attempt to tally totals. 
 
The example clearly illustrates that this method 
amounts to no more than an extension of 
counting on fingers, with unit marks substituting 
for fingers when numbers are larger than ten. 

 
 

 

Here the division problem 1 420 ÷ 20 has been 
reduced to the repeated addition of 20 to itself 
until 1 420 is reached. Each time the addition is 
performed is ticked and the ticks become unit 
markings which are mechanically counted to 
yield the answer. It is evident that the method is 
not workable if fractions are involved and very 
confusing if large numbers are involved. 
 
It will be noted that the problem is very simply 
solved with a basic understanding of place 
value and the 2 times table. That the example is 
from a Grade Seven script underscores the 
point. 

 
 

 

In this example, an unsuccessful attempt is 
made to use a whole number calculation to 
solve 36 ÷ 4. The child clearly has no idea how 
to actually use conventional division methods, 
has no knowledge of times tables and, perhaps 
most significantly, has no number sense in that 
36 divided four times simply cannot be 31. 
 
Example from Grade Seven 
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The extract below, from a Grade 6 lesson observation, illustrates the connection between the 
methods used by children to solve multiplication and division problems and the explanations 
provided by teachers in the classroom. 
 

‘If you are asked 15 times four its meaning is that you are counting 15 four times. To do this you 
must first expand the sum.’ 
Writes on board:  
15x4 = (10x4)+(5x4) = (10+10+10+10) + (5+5+5+5) 
                                   = (1111111111+1111111111 – four times) 
                                   + (11111+11111 – five times) 
Counts units               = (40)+(20) 
‘When you add 40 and 20 what do you get?’ 
First group to answer 60 is asked to show workings on board: pupil comes to board and writes         
(1111111111 – four times) + (1111111111 – twice). Counts individual units and writes = 60 
Each group is given a sum  
Workings of first group to report: 23x7 = (20x7)+(3x7) = (11111111111111111111 + 
11111111111111111111 – seven times) + (111+ 111 – seven times) Counts units = 160 
 
Firstly, it should be noted that a problem of this nature is based on an Assessment Standard for 
Grade 3. Secondly, while the teacher’s initial workings are an accurate explanation of what the 
problem actually means, they are conceptually far too simplistic for higher grade levels – the 
problem itself should pose no significant challenges for any pupil with a basic knowledge of the 
times tables. Ironically, the process becomes ever more complicated as the explanation is developed 
and an entire chalk board is filled with the workings for a very simple arithmetic problem that could 
reasonably be solved mentally without any workings at all. The sheer number of units marks makes 
correct tallying a difficult business; the first group to report reproduced the method correctly but 
still arrived at an incorrect total. It is also important to note that the method is so time consuming 
that a whole lesson can be taken up working on only one or two problems. 
 
2.3.1. Causes of poor learner performance 
 
Broadly speaking, it is clear that the majority of South African learners are not developing any kind 
of understanding of the base-10 number system and the associated critical understanding of place 
value. They cannot mentally, or in writing, manipulate numbers, especially when they are large or 
contain fractions, do not readily understand the meaning of multiplication and division and cannot 
use the skills of borrowing and carrying upon which all more complex calculations depend9. This 
is, in my view, the single most important cause of poor learner performance in our schools. 
 
Since the situation is clearly and demonstrably national in scale, it is obvious that the causes are 
also national in scale – we are not witnessing an idiosyncratic or localized phenomenon. Secondly, 
since the bulk of the study covers a three-year period, we can be confident that we are not dealing 
with a transient aberration. Since the data reflects the performance of children from Grades 5 to 7, 
we can be equally confident that we are not simply witnessing a situation affecting younger children 
which can be expected to disappear as they each higher grade levels. In locating the origin of this 
situation, it is evident that there is no other long-term process occurring within the school system on 

                                                           
9 Using a calculator is not a substitute for understanding these concepts. Learners still need to be able to understand 
what it is they are doing and to be able to estimate whether calculator answers are likely to be correct or not For 
example, it is common when scoring tests to see answers where learners have misunderstood the operations symbol and 
arrived at a completely incorrect answer without being able to see that it must be incorrect. When a child answers 9 to 
the problem 5 x 4, he has mistaken the + symbol for the x symbol and, most importantly, has failed to realize that 5 
multiplied by itself 4 times simply cannot be 9. Without an ability to see that an answer is obviously incorrect, relying 
on a calculator is hopelessly inadequate. 
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a national scale and at all grade levels other than the broad national educational transformation 
process. It is, therefore, an unavoidable conclusion that a possible cause of the problems described 
in the report of Phase I lies within elements of the transformation process itself. 
 
Whatever the cause, the obvious danger is that these problems will become a permanent feature of 
the outcomes of mathematics education in the majority of South African schools. The consequences 
for mathematical education at primary level, and the scientific, technological and technical 
education it supports and makes possible at secondary and tertiary levels, is too obvious to need 
belabouring. 
 
2.3.2. Correlations with Performance in Mathematics 
 
Specific explanations can first be sought, to some extent, by examining the correlations of 
mathematics scores with a number of factors. However, it should be remembered that correlation is 
not necessarily the same as causation - it establishes that there is a relationship between two 
variables but it does not eliminate the possibility that factors A and B are both common 
consequences of C. In another study conducted by ESA, for example, closely correlated increases in 
literacy and mathematics scores were the consequence of improved levels of school alignment and 
quality of educational management. 
 
Table Thirteen: Correlations with Mathematics Scores 
 

Mathematics  and: Grade 5 Grade 7
Literacy +0.64 +0.65
Socio-economic status +0.21 +0.21
Type of school +0.18 +0.19
Class size -0.07 -0.03
 
Mathematics scores and both socio-economic status and type of school are loosely correlated. 
Broadly put, the more a rural/remote a school and/or the less affluent its context, the lower the 
mathematics score tends to be. As these relationships are familiar to South African practitioners 
they are not discussed at greater length; it can be noted in passing that, while related to performance 
in mathematics, these factors are not as strongly determinant as many theorists have believed in the 
past. 
 
As far as class sizes are concerned, there is no indication of correlation of any kind and the two 
factors appear altogether unrelated. This finding, and many similar findings from other researchers, 
is strongly ‘counter-intuitive’; there are few teachers internationally who do not believe that, 
beyond a realistic limit, it is better to have smaller class sizes. This tension has always existed in 
debates over optimum class sizes and has been settled, pragmatically, at a maximum of between 35 
and 40 children. Lesson observations suggest that the determining factor is the quality of the teacher 
- a poor teacher will tend to produce poor results for any class size and vice versa. In these terms, 
the highest mean scores in all of our research are generally attained by children in schools with both 
more skilled teachers and smaller classes than the others, though there are significant exceptions. 
 
2.3.2.1 Language and the Learning of Mathematics 
 
The very much stronger correlation with literacy is obvious and it is evident that until the language 
issue is effectively solved it will continue to play a very significant role in depressing the 
performance levels of children in our schools, and especially in their endemic underperformance in 
mathematics and science. One very clear implication is that, so long as English is to be used as the 
‘core’ Language of Learning and Teaching (LOLT) at Grade Four level and above, the need to 
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ensure the development of competence in that language during Foundation Phase is absolutely 
critical; it is clearly unreasonable to expect children to learn both English and subjects taught in 
English at the same time. 
 
The NSE showed that where the language of learning and teaching was the same as that used in the 
home, learners obtained better results. 
 
Table Fourteen: Mean Scores obtained according to home language and LOLT: NSE (%) 

 
 
 
 
 

National mean LOLT the same as home language LOLT different to home language 
LOLT 69 32 
Mathematics 48 23 
Natural Science  60 37 
 
It is hardly surprising that the better learners understand and communicate in the language of 
instruction, the more chance they have of achieving a higher level of competence in any subject 
taught in that language. However, other data demonstrates that while competence in the LOLT may 
be a precondition for competence in mathematics, it is not a sufficient guarantee that such 
competence will, in fact, be achieved – the mean of 48% for home language speakers is eloquent 
testimony to this argument. 
 
It is becoming clear by now that poor inputs and outcomes in mathematics education exist 
independently of the ability of children to understand the language in which it is learned. In other 
words, while improving performance in the LOLT will undoubtedly have an effect in increasing 
performance in numeracy and mathematics, it will not solve the deeper problems in mathematical 
education. 
 
Table Fifteen: Difference in mathematics scores obtained by the sub-samples with the highest 
and lowest literacy scores: PMRP: Phase I (%) 
 

Grade Literacy Category Mathematics Score Difference 
Lowest 26.7 5 Highest 54.8 +28.1

Lowest 52.7 7 Highest 57.3 +4.6

 
A direct relationship between literacy and mathematics is very much more evident at the lower 
grade level while it has very significantly weakened at the higher level. The difference in 
mathematics score for the highest and lowest literacy scores declines by -23.5% between Grade 5 
and 7; there is, in other words, a ceiling to the effect of improved language performance. The MLA 
also provided relevant data on this issue. 
 
Table Sixteen: Numeracy & literacy mean scores for selected countries: MLA (%) 

 

 
 
 
 
 
 

 Numeracy Literacy 
Malawi 43 35 
Senegal 40 49 
Zambia 36 43 
South Africa 30 48 

 
It is evident that the level of achievement in literacy is not, in itself, an accurate predictor of the 
level of achievement in mathematics - Malawi with a literacy mean 13% lower than South Africa 
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has a numeracy mean 13% higher – once again, the inescapable conclusion is that a factor other 
than language affects performance in mathematics to a very significant degree. 
 
2.3.3. Teacher Quality 
 
In seeking reasons for the poor levels of learner performance, the report of the President’s 
Education Initiative (PEI) 10 summarizing the findings of 35 research studies commented that: 
“The most definite point of convergence across the PEI studies is the conclusion that teachers’ 
conceptual knowledge of the subjects they are teaching is a fundamental constraint on the quality of 
teaching and learning activities, and consequently, on the quality of learning outcomes … teachers 
… lack the knowledge resources to give effect … (to the new curriculum) … This is a fundamental 
systemic problem which affects and limits interventions aimed at improving all aspects of teaching 
and learning”. (pg. 230) 
 
The argument that inadequate levels of teacher content knowledge is central to the persistent 
underperformance of South African learners has gained extensive support over the last decade, as 
has its corollary; that improving the level of teachers’ content knowledge is fundamental to 
improving earner performance. Virtually all of the reports and policy documents we have reviewed 
in the course of researching this report have taken this position to one degree or another. 
 
2.3.4. Constructivism as a Theory of Learning 
 
In recent years a steadily growing body of both local and international research has questioned the 
nature of the curriculum itself and, in particular, the learning theories upon which it is based and the 
associated teaching practices it promotes. In short, this research is increasingly calling into question 
the effectiveness of constructivist ‘learner-centred’ OBE-based methodology in achieving high 
levels of performance, especially in mathematics. 
 
In a study into school effectiveness in 24 poor schools in the Western Cape, for example, Reeves11 
found that engaging learners at relatively high levels of cognitive demand with respect to both 
principled and procedural knowledge was critical to their performance and that the pedagogical 
variables that were emphasised in Curriculum 2005 – such as collaborative group work – did not 
emerge as significant in relation to high gain scores. 
 
Another recent report12, commissioned by the Independent Schools Association of South Africa 
(ISASA), that compared the findings of 23 impact evaluations of intervention projects conducted 
between 1998 and 2006 in primary schools concluded that the near-universal evidence of the partial 
or complete achievement of the methodological assumptions of ‘progressive’ or ‘learner-centred’ 
education reported in these studies did not, in turn, result in expected gains in learner performance. 
In other words, while there is clear evidence that constructivist methods are increasingly dominating 
our classrooms there is no evidence that these methods are resulting in improved levels of learner 
performance. 
 
On this note, Taylor13 has commented that: 

                                                           
10 Taylor, N. and Vinjevold, P. (Eds.) “Getting Learning Right”. (JET, 1999) 
11 Reeves, C. “Can Schools Reverse Social Disadvantage by Pedagogy or Opportunity-to-Learn? Paper presented at the 
Second Meeting of the Consortium for Research on School Quality. (April, 2006) 
12 Roberts, J. and Schollar, E. “A Meta-evaluation of Intervention Projects in Mathematics, Science and Language: 1998 
to 2006”. (ISASA, 2006) 
13 Taylor, N. “Equity, Efficiency and the Development of South African Schools”. (JET, 2006) 
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“The debate concerning what should be targeted by training programmes … has not been resolved 
… Imbewu I is representative of the progressive tradition which held that teachers merely needed to 
be oriented towards child-centred teaching strategies, which they had been prohibited from 
practicing under apartheid, in order to bring out the full potential of all their children. In the last 
five years much evidence has accumulated to call this approach into question, including the lack of 
learning gains achieved by Imbewu I, the conclusions of the Review Committee on the 
inappropriateness of Curriculum 2005, and the growing body of knowledge about the poor state of 
teacher content knowledge (Taylor and Moyana, 2005; Human, 2003). Nevertheless, many 
programmes, including a number of the government sponsored Advanced Certificates in Education 
(ACE), through which large numbers of unqualified teachers are at present being ‘qualified’, show 
a decided leaning towards pedagogy, at the expense of content knowledge.” 
 
These local voices find much support in international forums. In a recent curriculum review14 for 
the Commonwealth of Australia, the authors presented their core recommendation for the 
mathematics curriculum as: 
“It is recommended that state and territories no longer adopt an OBE approach to curriculum 
development and, instead adopt a syllabus model. Related to this is the need to: 

 relate intended curriculum to year levels, 
 reduce the emphasis on formative assessment in preference for summative assessment, 
 reduce the emphasis on constructivism in preference for direct instruction and more formal 

teaching strategies, and 
 ensure that curriculum descriptors … are more … succinct, unambiguous, measurable and 

based on essential learning as represented by the subject disciplines.” (Pg. 8) 
 
A recent and very extensive survey15 of the research literature by Kirschner, Sweller and Clark 
comments that: 
“Advocates of… (constructivist-based) … approaches imply that instructional guidance that 
provides or embeds learning strategies in instruction interferes with the natural processes by which 
learners draw on their unique prior experience and learning styles to construct new situated 
knowledge that will achieve their goals … This constructivist argument has attracted a significant 
following … (however) … the past half-century of empirical research on this issue has produced 
overwhelming and unambiguous evidence that minimal guidance during instruction is significantly 
less effective and efficient than guidance specifically designed to support the cognitive processing 
necessary for learning … Minimally guided instruction appears to proceed with no reference to the 
characteristics of working memory, long-term memory, or the intricate relations between them. The 
result is a series of recommendations that most educators find almost impossible to implement … 
because they require learners to engage in cognitive activities that are highly unlikely to result in 
effective learning … The most effective teachers may either ignore the recommendations or, at best, 
pay lip service to them.” (pg. 76). 
 
Another recent report by Abadzi16, produced for the World Bank, in which attention is also drawn 
to the importance of the integration of memory and cognitive development in learning, bluntly 
concludes that: 
“While there are many enthusiastic articles about the constructivist philosophy, there is little hard 
evidence regarding its benefits for poorer students.” (Pg. 76). 
                                                           
14 Stephens, M., Redman, C. and Hempenstall, K. “Benchmarking Australian Primary School Curricula”. 
(Commonwealth of Australia, 2005). 
15 Kirschner, P., Sweller, J. and Clark, R. “Why Minimal Guidance During Instruction Does Not Work: An Analysis of 
the Failure of Constructivist, Discovery, Problem-Based, Experiential and Inquiry-Based Teaching”. Educational 
Psychologist, 41 (2), 75-86. 
16 Abadzi, H. “Efficient Learning for the Poor: Insights from the Frontier of Cognitive Neuroscience.” (World Bank, 
2006) 
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Abadzi goes on to report studies demonstrating that tightly scripted and structured (i.e. ‘syllabus-
based’) programmes emphasizing direct instruction of learners by teachers, including the use of 
memorization, and extensive, regular practice and application of newly learned concepts, has 
proved significantly more effective in learning, especially for the poor, than the ‘learner-centred’ or 
‘discovery’ practices favoured by constructivism17. 
 
South African education, on the other hand, has embraced constructivism as the preferred theory of 
learning for our curriculum. Teachers are required to design their own programmes of study (i.e. 
syllabus), using a wide variety of textbooks and other learning materials (which are not readily 
available in all schools). In Foundation and Intermediate Phases, in particular, teaching is strongly 
biased toward active ‘discovery-based’ and ‘learner-centred’ methods while memorization and 
systematic drills have been discouraged and have virtually vanished from the vast majority of our 
mathematics classrooms, along with systematic, sustained and extensive practice of content. 
 
A great deal of recent qualitative research18 suggests that there are four very common perceptions, 
assumptions or misunderstandings universally expressed by teachers, and many department 
officials, concerning the nature of educational transformation in South African schools. 
 

 Children should never learn anything by rote or through repetitive drill. Memorization itself is 
seen as a wholly negative practice which cannot lead to genuine understanding and 
competence. Further, the conflation of rote memorization with systematic and repetitive drill 
has had especially negative effects on mathematics education in South African classrooms. 

 
 Children should not be directly taught about anything but should rather be provided with 

materials and other stimuli which will allow them to ‘discover’ the content themselves. This 
is seen as ‘facilitation’ of learning which promotes the development of real understanding and 
competence. Consequently, children are frequently asked to do things about which they have 
not been taught and, when new learning does take place, it does so very slowly indeed. 

 
 Children are never ‘wrong’ per se but through discussion and reflection will arrive at their 

own methods for solving problems - their answers are valued for their own sake irrespective 
of how sensible or correct they are. Put simply, this approach fits awkwardly with 
mathematics, in which there are correct and incorrect answers, and can prove particularly 
confusing to children. 

 
 Group work is seen as virtually the only permissible teaching method and form of classroom 

organization. While the theoretical intention is to encourage collaborative learning benefiting 
both stronger and weaker learners, lesson observations over the last decade from a wide 
variety of sources strongly suggest that the majority of learners are simply ‘passengers’ who 
can spend years at school without doing anything at all – unless we are prepared to accept 
endemic copying as ‘collaborative learning’ – to the detriment of learners at both ends of the 
competency scale. 

 

                                                           
17 For more examples of the literature concerning constructivism see Farkota, R, ‘Basic maths: the brutal reality’. 
www.onlineopinion.com.au/view.asp?article=3785. and Meyer, R: ‘Should there be a three strikes rule against pure 
discovery learning? The case for guided methods of instruction’. American Psychologist, Jan. 2004. 
18 See, for example, Roberts and Schollar (2005) – op cit. 
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SECTION THREE 
 

DESIGN AND FIELD TESTING OF THE PROGRAMME INTERVENTION 
 

1. Theoretical Basis of the PMRP Programme 
 
The intention of Phase II of the PMRP was to develop and rigorously field test a set of teacher 
manuals and learner workbooks that were based on the findings of Phase I and would seek to apply 
an intervention programme that would result in significant gains in learner performance. The 
materials were developed and drafted over 2006 and field-tested over 2007. In all, the materials 
provide the basis of 70 lessons over 14 weeks and have subsequently been adapted to take into 
account the findings of the field testing – it is suggested that all materials development should take 
place through a similar empirically-based process. 
 
The findings of Phase I provided the basis of the central assumptions underpinning the development 
of these materials. The most basic of these assumptions is the proposition that the essential 
‘bedrock’ skill of all mathematical ability is the capacity to easily perform mental calculations 
through formally learned processes called algorithms. The application of these algorithms allow the 
solving of extremely complex calculations in simple steps through an understanding and knowledge 
of basic number bonds, the multiplication (and division) tables and, above all, an understanding of 
place value in the base-10 number system. Conversely, the failure of learners to understand the 
number system and to master arithmetic operations beyond the reach of the simple counting of 
single units renders learners incapable of developing any degree of mathematical proficiency. 
 
With respect to the process of learning itself, the findings of Phase I indicated that it is increasingly 
apparent that a ‘constructivist’ approach is only workable once basic mathematical skills have 
already been acquired. An increasing body of research demonstrates that these basic skills are best 
acquired through an approach stressing direct instruction combined with extensive drill and practice 
and, consequently, the Phase II PMRP materials are based on this approach. Teachers would teach 
learners who would, in turn, be provided with extensive opportunities to learn and practice newly-
introduced skills through many more exercises than current materials typically provide. 
 
The importance of memory; short and long term, and the complex interaction between them in 
learning was given close attention. The materials are based on the proposition that the development 
of complex cognitive comprehensions is based, in the first instance, on the fundamentals of 
memory. Learned facts, and sets of facts, establish a neural structure that is explored and explicated 
through regular applied exercises before the freedom to manipulate facts, see relationships between 
them and apply this understanding to problem solving can be achieved. 
 
In this sense, memory has two basic operational features, storage and retrieval, that are intimately 
related. In the case of a set of facts like the multiplication tables, the ‘storage’ process occurs when 
the numeric relations are committed to memory. This process takes place in whole segments, so, for 
example, the complete nine times table is memorized in its sequential pattern (9 x 1 = 9, 9 x 2 = 18, 
and so on). However, learners cannot easily and readily retrieve discrete facts randomly extracted 
from this sequential pattern (e.g. 9 x 7 = ?) without reciting the whole set until they each the desired 
number. Consequently, once tables are memorized, regular and extensive exercises are required to 
assist the learner develop the capacity to access and retrieve discrete pieces of information from 
memorized sets of facts. As this capacity is progressively achieved, learners are increasingly able to 
confidently retrieve and use learned information when confronted with complex numerical 
problems. 
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Phase I provided clear empirical evidence of the inability of learners to handle or manipulate 
numbers with any degree of competence and the NSE confirmed that the key problem area lies in a 
failure to achieve the standards detailed in Learning Outcome One. In particular, Phase I 
demonstrated that the ‘concrete’ counting methods favoured by ‘learner-centred’ approaches, 
combined with a perceived prohibition of memorization, drill and practice that are assumed to 
provide insight into the nature of mathematical operations do exactly the opposite – they ‘freeze’ 
learners at an exceptionally simplistic level of problem solving methods that ensures they will be 
unable to handle cognitively complex problems in any of the other Learning Outcomes – every 
learning outcome requires the ability to calculate! 
 
Consequently, the materials deal only with Learning Outcome One of the National Curriculum 
Statement (NCS). Since the National Curriculum Statement allocates LO1 just over half of the 
available time for numeracy in Foundation Phase, and just under half for mathematics in 
Intermediate Phase, there was ample space in the curriculum to present the materials without 
impinging on time allocations for the other Learning Outcomes. The materials consist of complete 
lessons organized in detailed weekly and daily sequences. The teacher manuals provide all of the 
material; topics, content, methodology, required to teach LOI in the correct curriculum sequence 
and progression. The learner workbooks provide all of the corresponding content, drills, exercises 
and extensions. 
 
The lesson plans for Days One to Four for each week are based on a logical structure that supports 
the entire teaching, learning and assessment process of the PMRP; Day Five provides opportunities 
for review, assessment, enrichment and remediation. Along with direct teacher instruction, each 
daily lesson provides sets of many exercises for learners to practice the content with which the 
lesson deals. This teaches them to work at a much faster pace than is usual in most of our 
classrooms. Secondly, since the learner workbooks provide all of these exercises, teachers and 
learners do not have to waste time copying out questions, ruling up pages, and so on – this also 
encourages both teachers and learners to work at a much faster pace than is usual in the majority of 
our schools. 
 
Table Seventeen: The logical structure of a PMRP lesson: the four essential stages 
 

Stage of Lesson Teacher Learners 

1. Preparation 

Before lesson, reads through 
Teacher Manual and Learner 
Workbook. Writes required 
work on board. 

Day before, complete assigned 
homework and/or learn specified 
content for next day. 

2. Mental arithmetic (± 10 mins.) 
Counts down to start of test, 
task or game, supervises, reads 
out answers. 

Complete test/task/game as 
individuals, pairs or groups as 
relevant. Score test/task in pairs. 

Provides direct content 
instruction to whole class. 

Listen and learn. Make notes if 
they wish. 

3. Teaching (± 20 mins.) Applies content to problems 
on board, asks learners to 
discuss or suggest answers. 

Talk and do. Discuss in pairs, 
groups, or think individually and 
answer the questions. 

5. Learner Exercises (± 30 mins.) 
Circulates – corrects and helps 
weaker learners, challenges 
stronger learners. 

Learners work individually 
solving problems based on 
lesson content. 

 
We have already seen that virtually all classes have become, in effect, multi grade classes. 
However, we cannot now take a drastic action like failing 80% of SA learners in one year and 
require them (offer them the opportunity) to repeat their current grade – and nor would this, in 
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itself, solve the problem as many learners are two, three or even four grades below their required 
standards. Consequently, materials developed for our school system must take into account the 
enormous ranges in learner ability levels at each grade level. Since a book (or test) standardized 
against any one grade level’s assessment standards will be incomprehensible to the majority of the 
learners in that grade, it is necessary to provide opportunities for those learners to deal with the 
assessment standards below that grade. 
 
The PMRP materials do this by providing sections in the learner workbooks that cover the 
assessment standards from Grade 3 to Grade 6 level for each assessment standard. Learners enter 
the programme through a diagnostic test which measures their personal grade competency level for 
each of the four operations against the National Curriculum Statement for mathematics for Grades 3 
to 6. They are subsequently directed to the Learner Workbook section that corresponds to that level 
of competency. 
 
Teacher content input in each lesson, always based on the direct instruction of an algorithm or 
problem-solving rule/method, is the same for all groups. However, the next section of the lesson 
provides multiple exercises for practicing the algorithm or method and here learners work with 
problems based on their current level of comprehension. In a Grade 6 class, for example, some 
learners would be solving problems based on Grade 6 standards, some on Grade 5, 4 or 3. Results 
for the daily exercises are collected weekly and used as the basis of a continuous assessment system 
indicating when learners are ready to move on to the next level of demand in terms of the next 
grade level’s assessment standards. There are also three formal assessment points during the 14 
week programme, again allowing for movement between groups. 
 
The materials are, therefore, designed to use assessment as continual feedback on how well teachers 
and individual learners are achieving the required assessment standards for the different grade 
levels. Consequently, it should be possible for learners to progress from one grade level to the next 
during the course of working through the materials. It was of special interest to the field research to 
find out if this is possible or achievable in practice – and the effect could be measured. 
 
One assessment cycle of the PMRP from the point of view of an individual learner can be 
summarized in a simple diagram. 
 
Figure One: Assessment cycle of the PMRP 
 

learner  Diagnostic 
assessment 

 Directed 
to correct 
section in 
workbook 

 Continuous 
& 

formative 
assessment 

 Directed 
to correct 
section in 
workbook 

 
 
In summary, the programme materials developed in Phase II were based on five key principles 
derived from Phase I: 
• Empirical research as the basis of materials development. 
• Experimentation with a structured ‘teacher-centred’ approach to the learning of basic and 

foundational skills involving an emphasis on structured direct instruction by teachers, and the 
use of memorization, drill and extensive regular practice for learners, before extensions into 
‘learner-centred’ activities (games, puzzles, etc.) are attempted. 

• The need to provide a programme intervention embodying a grade-differentiated capacity 
allowing for teaching in classrooms where learners have widely differing levels of subject 
competence. 
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• The institutionalization of a diagnostic and formative assessment system to control the 
exposure of learners to the correct complexity level in practice of learned content. 

• The provision to teachers of a complete syllabus of study, backed by a complete set of 
materials, based on the Assessment Standards of the National Curriculum Statement. 

 
2. Field Testing of the PMRP Programme 
 
The design of the field test of the materials was submitted to, adapted and approved by the National 
Department of Education through Dr S Sithole and Dr M Moloi of the Directorate of Quality 
Promotion and Assurance. In addition, the pilot and field test was also discussed with Dr F Nzama, 
Mr. H Mahomed and Ms L Tshambula, all of the Directorate of Institutional and Human Resources 
Development.  
 
The existing funding parameters at that time dictated a sample of 20 schools – 10 project and 10 
control – but the DoE suggested that this should be doubled. A subsequent approach to the Zenex 
Foundation for funding to allow this expansion was approved and the sample size duly doubled to 
40 schools. The original intention was to implement the field test in remote rural schools in 
Limpopo and in established urban townships in Gauteng. Permission was obtained at provincial 
level in Limpopo from Ms Onica Dederen in December 2006 and was approved at district and 
circuit levels shortly thereafter – the pilot commenced in the second term of 2007. Permission was 
obtained in Gauteng at provincial level in January 2007 but it proved impossible to secure district 
and circuit approval until well after initiation in Limpopo - by which time approval had already 
been secured from the Limpopo Department of Education to switch the Gauteng component to that 
province. 
 
A total of 40 schools were identified in 3 circuits of the Vhembe District by the Circuit Managers in 
Malamulele North East, East and Central Circuits. The 20 schools in Malamulele North East and 
East are all in rural or remote areas while the 20 schools in Malamulele Central are located in or 
close to the more developed ‘urban’ area of Malamulele itself. Each school was invited to nominate 
two teachers, one at Grade 4 level and one at Grade 6 level – the method was adopted to ensure that, 
as much as possible, only teachers willing to participate would be selected. The project was 
launched at a function held in the Malamulele North East Circuit hall and support was provided by 
the provincial, district and circuit levels of the DoE, the Traditional Authority, SADTU and 
NAPTOSA. 
 
2.1. Study Design 
 
Following the launch, the schools were randomly divided into project and control groups; the list of 
schools was numbered from 1 to 40, even numbered schools were selected for the project group and 
odd numbered schools for the control group. Baseline research commenced immediately after the 
launch function. Grades 4 and 6 were chosen because the materials are directed to the Intermediate 
Phase, though they do start from the Grade 3 assessment standards, for obvious reasons. 
 
At each school, the whole class of each participating teacher was tested and lesson observations 
carried out in their classes, interviews with these teachers and with the principals were also 
completed. The testing provided the data against which impact on learner performance would be 
measured, while the observations and interviews were primarily concerned with ensuring that the 
project and control groups were reasonably well matched with regard to factors like socio economic 
status, supply of materials, presence of other intervention projects, existing classroom methods, 
work scheduling and curriculum management, level of drill and practice demanded of learners, 
frequency and level of applied games, puzzles and so on. In this regard, there were no consistent 
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differences between the project and control groups and they were very similar to each other – 
idiosyncratic differences at individual schools in both groups not withstanding. 
 
At each test session, administered by ESA field-researchers resident in the area and monitored by 
senior researchers, the questions were translated into mother-tongue – almost always Tsonga with 
some Venda – and learners could also ask for translation at any time during the test. No other 
assistance was provided and learners were allowed only a pen or pencil to complete the instrument 
– no scrap paper was provided and the use of calculators was forbidden and closely monitored. 
Strict control was maintained over the instruments and all were accounted for after baseline testing. 
 
The baseline data was based on a total of: 

 40 principal interviews 
 80 teacher interviews 
 80 lesson observations 
 3 424 learner tests. 

 
Table Eighteen: Learners tested by circuit and group: baseline (n) 
 

 Grade 4 Grade 6 Total
Project Group    
Malamulele NE & E 470 442 912
Malamulele Central 504 429 933
Sub-total 974 871 1845
Control Group    
Malamulele NE & E 444 437 881
Malamulele Central 359 339 698
Sub-total 803 776 1579
Total 1777 1647 3424

 
The measurement of programme effect on learner performance – the summative impact of the 
PMRP - is based on an experimental model using pre-and post-testing for randomly selected project 
and control groups of equal sizes. 
 
Figure Two: Research design 
 
Project  Intervention  
 Baseline research  Post project research 
Control  Routine schooling  
 
The control group provides a ‘counterfactual’ – what would have happened to learner scores if the 
PMRP intervention had not occurred? Secondly, since we could expect some gain in scores due to 
other variables, e.g. maturation, this effect must be also be controlled. Consequently, impact 
analysis compares the growth in mean scores between pre and post-testing achieved by the two 
groups – essentially, the gain of the control group is subtracted from that of the project group to 
measure the impact of the project intervention. 
 
The project and control groups are of equal sizes (in terms of schools/classes) to ensure that the data 
derived from both of them have the same sampling error with a confidence level of 95% and a 
precision of just under 2%. This provides reliably comparable data from both groups based on a 
sensitive instrument which has, in addition, a reasonably large number of items – thus increasing 
both sensitivity and reliability, especially in terms of percentage figures derived from raw scores. 
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What this implies is that, in terms of statistical significance, change in scores over + 2% can 
confidently be ascribed to programme effect rather than to chance or other external variables. 
 
The test instruments were constructed from a number of different sources and were divided into a 
number of parts, detailed in the table that follows. The sources of the items were: 

 The items dealing with Learning Outcome One from the previous version of the National 
Systemic Evaluation. 

 Learning Outcome One items from the instruments regularly used by ESA, and upon which 
Phase I was based. These instruments have long proved themselves capable of consistently 
delivering reliable field data about comparative learner performance. 

 The development of 8 simple word sums matched to 8 operations from part 2. 
 For the post-tests, 20 items dealing with the four operations were developed in the Grade 6 

instrument to specifically measure the degree of difference between groups in terms of items 
based on the assessment standards for Grades 5 and 4. The intention here was to provide an 
indicator of impact on Grade 6 learners who may not yet have reached Grade 6 standards. 

 
Table Nineteen: Item distribution in test instruments 
 

 n of items 
 Grade 4 Grade 6 
Part 1: LO One items from the NSE 12 16 
Part 2: Four operations from ESA 20 20 
Part 3: Other LO One items (counting, shapes, fractions, decimals 
conversions, relationships, sequences, factors) from ESA  11 22 

Part 4: Word sums matched with operations from part 2 8 8 
Part 5: Operations based on AS for Grades 4 and 5 (post-test only) n/a 20 
Total 51 86 
 
Each test instrument is again printed on one side of each page with the other left free for rough 
workings; this provided us with an indicator based on the actual problem-solving methods used by 
learners. At baseline, simple counting methods overwhelmingly dominated problem-solving in both 
groups at both grade levels. 
 
Since a key objective of the programme is to change this situation, the design predicts that the 
programme would result in both: 

 A significant increase (i.e. over +2%) in score of the project group over the control group 
between pre-and post-testing. 

 A significant difference in the frequency of calculation methods, as against counting methods, 
in the project over the control group by the end of the programme. 

 
2.2. Programme Delivery 
 
The principal, HoD and both teachers from each project school were invited to a training workshop 
lasting one and a half days. The workshop covered the design and use of the teacher and learner 
materials in classrooms - a great deal of attention was paid to explaining the use of the assessment 
system built into the programme. Teachers received personal copies of the Teacher Manual and 
sufficient copies of the Learner workbooks for their whole class. In addition, each teacher received 
copies of the diagnostic test instrument for all of their learners and personal copies of continuous 
assessment record sheets. 
 
One week after the training workshop, each teacher received a school visit from a senior researcher; 
the focus of this visit was to ensure that the diagnostic test had been administered and interpreted 
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correctly, as well as ensuring that the teacher had commenced using the programme in classrooms. 
Approximately half way through the programme (i.e. 7 weeks) each teacher was again visited; this 
time the focus was on the experience of using the materials on a daily basis. Teachers were invited 
to act as teacher-researchers throughout the period and provided with a research diary. They were 
asked to keep notes about what was happening, ideas for improvements, criticisms and reflections, 
and so on. While only a minority of teachers did actually keep this up for most of the period, their 
comments were exceptionally useful. This practice also helped convince the teachers that the study 
was concerned with the effectiveness of the materials in improving learner performance, rather than 
with the personal quality of the teacher her/himself. Finally, schools were asked once during the 14 
week period to submit a report on progress to their respective circuit managers. 
 
The degree of programme coverage achieved by the teachers was of great importance to the field 
testing of the materials. We were not evaluating the organizational efficiency of ESA and the DoE 
in implementing a given programme intervention but rather trialling the effectiveness of the 
approach embodied in the materials in achieving impact on learner performance. Since these 
materials are based on a sequential and cumulative approach to the teaching and learning of 
mathematical content, it was essential to know the level of exposure of learners to the full 
‘treatment’. To continue with a medical analogy, in clinical trials of new drugs, where control over 
exposure to the intervention is very much higher, the level of exposure of patients to the treatment is 
critical to deciding questions of impact (i.e. effectiveness of the treatment being trialled. 
 
The complete programme lasts for 14 weeks of daily lessons/assessment/enrichment but only two of 
the schools managed to reach week 14. There were four main reasons for this: 
 

 The teacher strike in 2007 directly impacted on the programme by intervening between the 
training programme and classroom implementation. The vast bulk of the schools could only 
start regular and sustained implementation by early third term and needed to continue up to 
the third week of November to complete all 70 days. 

 The delay caused by waiting for the GDE in selecting schools meant that we started the 
programme first in Malamulele North East and East, with training for Central completed in 
the first week of the third term – having also been affected by the strike. 

 The initial pace of many learners was very slow indeed because of the virtually universal 
reliance on unit counting to solve any problem. Further, learners (and some teachers!) took 
some time to adapt to a tightly structured programme. Once the programme was 
‘institutionalized’, and once learners became more familiar with the concept of calculation, 
and more confident in their ability to calculate, the pace increased. 

 As in any project, a few of the teachers became less and less interested as it became apparent 
that they were expected to work more systematically and consistently against a detailed plan 
than usual! Equally there were one or two schools that were very poorly managed; in one case 
mathematics was allocated two hours less on the timetable than required by the NCS. 

 
Consequently, the impact tables that follow in the next section generally report the figures in 
relation to the degree of programme coverage achieved; first for the whole sample without regard to 
coverage, second for learners receiving at least half of the programme (7 weeks) and finally for 
learners receiving at least 80% of the programme (11 weeks). 
 
Table Twenty : Programme coverage: n of project group schools 
 

 Grade 4 Grade 6
Whole sample: irrespective of coverage 20 18
Minimum of 7 weeks coverage 16 16
Minimum of 11 weeks coverage 12 9
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SECTION FOUR 
 

IMPACT ON LEARNER PERFORMANCE: TEST SCORES 
 
1. Post-Project Research 
 
Post-project research was conducted in the second and third weeks of November to give the 
teachers as much time as possible to complete the programme. However, in one of the control 
schools, we could not complete testing at Grade 4 level because ‘learners have already been 
dismissed for the year’. The same was true in one of the project schools at Grade 6 level, and in 
another at the same level the teacher had been transferred during the programme; in all of these 
cases, the baseline data from these schools for the relevant grade was discarded from the data set. In 
addition, there was the expected ‘routine’ attrition of the sample due to absentees on the test day; 
baseline scores for these learners were also discarded. 
 
Another full round of qualitative research was also carried out in all of the schools; principal and 
teacher interviews and lesson observations. This research confirmed that the only significant change 
in the groups since baseline was the implementation and effects of the PMRP. 
 
Table Twenty One : Schools and learners: post-project research (n) 
 

 Grade 4 Grade 6 Total 
 Learners Schools Learners Schools Learners Schools 
Project Group 860 20 700 18 1 560 38 
Control Group 740 19 732 20 1 472 39 
Total 1 600 39 1 432 38 3 032  
 
In the impact tables that follow, impact refers to the change that can be confidently ascribed to 
intervention effect rather than to chance or other variables. 
 

 The Change in % points rows refers to the absolute change in score between pre and post-
testing expressed in percentage points, i.e. the actual amount by which the score changed for 
that group; a positive (+) symbol indicates that the score has increased since baseline, a 
negative (-) symbol the opposite. 

 The % increase on baseline rows refers to the extent of the increase between pre and post-
testing expressed as a proportion of the baseline score of that group. Again, a positive (+) 
symbol indicates that the score has increased since baseline, a negative (-) symbol the 
opposite. 

 The Impact: % points rows refer to the difference in the change in score of the project and 
control groups measured in % points. Here a positive (+) symbol indicates that the gain in 
score of the project group has exceed that of the control group. 

 The Impact: % increase rows refer to the difference in the change in score of the project and 
control groups measured by % increase over the baseline score. Again, a positive (+) symbol 
indicates that the gain of the project group has exceed that of the control group 

 
2. Impact Data 
 
2.1. Whole Test Means 
 
The first set of tables report the results obtained for both grades in relation to the mean of the whole 
test while later tables will deal with the different parts of the test. For this analysis, three sets of 
figures are reported:  

 ESA 



Final Report of the Primary Mathematics Research Project 27

 The first is based on all of the data for both groups uncontrolled for the extent of programme 
coverage and makes no distinction between data from schools where learners may have 
received as little as 3 or 4 weeks (21% or 28%) exposure and those where learners have 
received over 11 weeks (80%) exposure. This is clearly the worst case scenario and it can 
reasonably be assumed that the figures in this table represent the lowest level of impact likely 
to be achieved by the programme in future. 

 The second is based on schools where learners have been exposed to at least half (7 weeks) of 
the programme. 

 The third is based on learners with exposure to at least 80% (11 weeks) of the programme. 
This is, obviously, the best-case scenario and it can be assumed that the figures reflect the 
impact that could reasonably be expected if this level of coverage is achieved in future. 

 
Table Twenty Two: Impact on learner performance: uncontrolled for coverage (%) 
 

 Grade 4 Grade 6
Project Group 
Baseline 17.93 15.32
Post Test 30.27 28.91
Change in % points +12.34 +13.59
% increase on baseline +68.82 +88.71
Control Group 
Baseline 15.59 12.03
Post Test 18.54 15.03
Change +2.95 +3.0
% increase on baseline +18.92 24.94
Impact: % points +9.39 +10.59
Impact: % increase +49.90 +63.77
 
If we take a crude mean of the grade level scores this results in an overall impact of +9.99% in 
percentage points and +56.83% in increase on baseline. 
 
All of these impact figures clearly provide evidence of significant intervention effect well beyond 
the statistical significance threshold of +2%. To gain some idea of the relative socioeconomic 
significance of these figures, it is instructive to compare them with those obtained in other recent 
studies in SA evaluation research. The ISASA report referred to earlier provides a summary of 20 
evaluations dealing with mathematics interventions of which only 7 used a design similar to the 
PMRP with pre and post testing for project and control groups. 
 
It is important to note that all of these studies were of programmes that were applied for very much 
longer than the 14 weeks of the PMRP. Project C, for example operated for 5 years and Project D 
for 4 years; whatever effects they achieved took much longer to achieve at a much higher cost.  
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Table Twenty Three: Differences between project and control groups in % points as a 
measure of learner impact: mathematics: ISASA (%) 
 

Project Grade/Cohort Impact
Grade 9  +2.0A Grade 11 +2.0

B Not specified -0.7
Cohort 2: grade 5 to 7 +6.4C (cohorts) Cohort 1: grade 4 to 6 +5.5

C (grades) Grade 5 
Grade 7 

+9.2
-0.9

D Grade 4 +5.8
Cohort 1: grade 3 to 7 +1.0E (cohorts) Cohort 2: grade 4 to 7 +0.5

E (grades) Grade 5 
Grade 7 

+2.85
+4.8

Grade 4 -5.5F Grade 7 -9.5
G Grade 3 -6.6
Mean Impact#  +1.12

 

#While the global mean score is constructed from figures obtained in the different studies and grade levels/cohorts that 
are not directly comparable (different instruments, periods of intervention, etc.), it is nonetheless still of interest to have 
some sort of speculative indication of a ‘typical’ outcome. 
 
It will be noted that only one of the interventions produced an impact in one of the Grades close to 
that of the PMRP in percentage points (+9.2%), and the mean of +1.12% is far below the mean of 
9.99% for both grades for the PMRP. If we recall that the PMRP impact was measured over a 
period of 14 weeks at a maximum, the figures become even more significant; the clear implication 
is that significant change in learner performance in mathematics need not take years to achieve if 
the appropriate approach and methods are applied. 
 
The next table is based on data controlled for a minimum of 50% exposure to the intervention i.e. 7 
weeks of the PMRP intervention. There were 16 schools (80%) at Grade 4 level and 16 (88.9%) at 
Grade 6 level that fell into this category. 
 
Table Twenty Four: n of learners: controlled for 7 weeks coverage in project schools 
 

 Grade 4 Grade 6 Total
Project Group 686 646 1 332
Control Group 740 732 1 472
Total 1 426 1 378 2 804
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Table Twenty Five: Impact on learner performance: controlled for coverage: 7 weeks (%) 
 

 Grade 4 Grade 6
Project Group 
Baseline 17.09 15.17
Post Test 32.63 29.85
Change +15.54 +14.68
% increase on baseline +90.93 +96.77
Control Group 
Baseline 15.59 12.03
Post Test 18.54 15.03
Change +2.95 +3.0
% increase on baseline +18.92 +29.94
Impact: % points +12.59 +11.68
Impact: % increase +72.01 +66.83
 
There is clearly an effect of coverage in which gain scores are enhanced. The effect is, not 
surprisingly, increased with even more coverage; a total of 14 (60%) of schools at Grade 4 level and 
9 (50%) at Grade 6 level fell into the best-case category of coverage of at least 80% (11 weeks). 
 
Table Twenty Six: n of learners: controlled for 11 weeks coverage in project schools 
 

 Grade 4 Grade 6 Total
Project Group 453 409 862
Control Group 740 732 1 472
Total 1 193 1 141 2 334
 
Table Twenty Seven: Impact on learner performance: controlled for coverage: 11 weeks (%) 
 

 Grade 4 Grade 6
Project 
Baseline 18.09 14.68
Post Test 36.48 33.28
Change +18.39 +18.60
% increase on baseline +101.66 +126.70
Control 
Baseline 15.59 12.03
Post Test 18.54 15.03
Change +2.95 +3.0
% increase on baseline +18.92 +24.94
Impact: % points +15.44 +15.60
Impact: % increase +82.74 +101.76
 
These figures provide the most reasonable measurement of the impact of the approach and 
methodology of the PMRP programme in that learners have been exposed to a reasonably complete 
degree of coverage of the programme. There is over 80% improvement in baseline scores at Grade 
4 and over 100% at Grade 6. Whether expressed as a greater gain in the project group in percentage 
points, or as a greater gain in increase over the initial baseline score, the figures are all evidence of 
genuinely significant improvements in learner performance that can confidently ascribed to the 
PMRP. 
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Table Twenty Eight: Summary of impact on learner performance 
 

 Grade 4 Grade 6 Combined
Uncontrolled for coverage 
% points +9.39 +10.59 +9.99
% over baseline +49.90 +63.77 +56.83
Controlled for 50% of coverage 
% points +12.59 +11.68 +12.13
% over baseline +72.01 +66.83 +69.42
Controlled for 80% of coverage 
% points +15.44 +15.60 +15.52
% over baseline +82.74 +101.76 +92.25
 
Figure Three: Summary of % point gain between baseline and post-testing 
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The graphics above and below very clearly illustrate the effect of increasing degrees of 
completeness of programme coverage; it also illustrates the critical nature of generic issues of 
completeness of curriculum coverage in schools in general. 
 
Figure Four: Summary of % point gain of project over control in relation to programme 
coverage 
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It is reasonable to conclude that the data provides evidence of statistically and educationally 
significant improvements in learner performance achieved by the programme design - and that the 
greater the degree of programme coverage that is achieved, the greater the level of improvement. 
 
2.2. Test Instrument Components 
 
We have already noted that the test instrument is divided into a number of parts, each dealing with a 
different element of Learning Outcome One. All the ‘controlled’ figures in the tables that follow are 
derived from schools that completed at least 11 weeks (80%) of the programme intervention in 
classrooms; the 50% category has been excluded for the sake of brevity. 
 
Table Twenty Nine: Part 1: LO1 items from the previous version of the NSE instruments (%) 
 

 Grade 4 (12 items) Grade 6 (16 items) 
 Uncontrolled Controlled Uncontrolled Controlled
Project  
Baseline 23.17 21.58 20.19 18.50
Post Test 30.00 36.83 25.38 32.12
Change +6.83 +15.25 +5.19 +13.62
% increase on baseline +29.50 +70.67 +25.70 +73.62
Control  
Baseline 23.42 23.42 17.75 17.75
Post Test 17.92 17.92 19.75 19.75
Change -5.50 -5.50 +2.0 +2.0
% increase on baseline -23.48 -23.48 +11.27 +11.27
Impact: % points +12.33 +20.75 +3.19 +11.62
Impact: % increase +52.98 +94.15 +14.43 +62.35
 
Whether controlled for coverage or not, all of the impact measures are significant beyond the 
threshold of +2% in percentage points. Since the NSE instrument covers the whole of LO One it is 
not surprising that the scores controlled for 80% of coverage are dramatically better – the learners 
have covered much more of LO One in the programme. 
 
These scores are especially significant in that they are derived from items that have been used by 
the DoE itself in national testing and that cannot be said to be biased toward the PMRP programme. 
 
Table Thirty: Part 2: Operations items from ESA instrument 
 

 Grade 4 (20 items) Grade 6 (20 items) 
 Uncontrolled Controlled Uncontrolled Controlled
Project  
Baseline 20.75 22.15 17.05 17.35
Post Test 35.80 40.20 35.25 41.35
Change +15.05 +18.05 +18.20 +24.00
% increase on baseline +72.53 +81.49 +106.74 +138.33
Control  
Baseline 18.35 18.35 13.35 13.35
Post Test 23.90 23.90 17.10 17.10
Change +5.55 +5.55 +3.75 +3.75
% increase on baseline +30.24 +30.24 +28.09 +28.09
Impact: % points +9.50 +12.50 +14.45 +20.25
Impact: % increase +42.29 +51.25 +78.65 +110.24
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This part of the test dealt with the four operations at the relevant assessment standards and the gains 
are again obvious, especially for the controlled scores. There can be no doubt that the ability of 
learners to deal with operations problems was very significantly improved over the course of the 
programme; even the uncontrolled gain scores are high. 
 
Since this was a major objective of the programme that was clearly achieved, it can be assumed that 
the ability of learners to handle any type of question involving a calculation should also improve 
and the next two tables lend strong support to this assumption, as do the figures for the NSE items 
in Part 1. 
 
Table Thirty One: Part 3: Generic LO1 items from ESA instrument (%) 
 

 Grade 4 (11 items) Grade 6 (22 items) 
 Uncontrolled Controlled Uncontrolled Controlled
Project  
Baseline 14.91 14.91 10.43 10.70
Post Test 29.45 36.73 18.64 22.68
Change +14.54 +21.82 +8.21 +11.98
% increase on baseline +97.52 +146.34 +78.71 +111.96
Control  
Baseline 12.64 12.64 8.26 8.26
Post Test 16.36 16.36 9.27 9.27
Change +3.72 +3.72 +1.01 +1.01
% increase on baseline +29.43 +29.43 +12.23 +12.23
Impact: % points +10.82 +18.10 +7.20 +10.97
Impact: % increase +68.09 +116.91 -66.48 +99.73
 
As predicted, learners in project schools performed well on this component of the instrument which 
essentially extends Part 1 (NSE items). The items dealt with shapes, fractions, conversions, 
relationships, sequences and factors. Besides the content instruction and practice they received, they 
were also simply more able to carry out any required calculations and were much more aware of 
place value in any kind of number manipulation. 
 
Table Thirty Two: Part 4: Word sums involving the extraction and solving of basic operations 
 

 Grade 4 (8 items) Grade 6 (8 items) 
 Uncontrolled Controlled Uncontrolled Controlled
Project  
Baseline 9.37 9.00 10.62 9.87
Post Test 22.25 28.75 24.37 27.5
Change +12.88 +19.75 +13.75 +17.63
% increase on baseline +137.33 +219.44 +129.47 +178.62
Control  
Baseline 7.12 7.12 7.25 7.25
Post Test 12.12 12.12 7.62 7.62
Change +5.00 +5.00 +0.37 +0.37
% increase on baseline +70.22 +70.22 +5.10 +5.10
Impact: % points +7.88 +14.75 +13.38 +17.26
Impact: % increase +67.11 +149.22 +124.37 +173.52
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These figures are very significant indeed for both the controlled and uncontrolled data. These large 
increases in ability to solve word sums involved two factors; first an ability to extract the 
calculation from the language problem (semantic understanding) and, second, an ability to actually 
perform the calculation. The programme does lay stress on understanding that sentences like ‘how 
many sweets does each child have’ involve a division calculation, and so on. This, coupled with 
their regular practice of word sums and calculations in general, has improved their ability well 
beyond that of the control group exposed to a different approach. If we recall the discussion on 
language and mathematics earlier in this report, the significance of these impacts are even clearer. 
 
The next table deals with the component of the instrument that was added for Grade 6 at post-
testing; the (20) items deal with the four operations based on the assessment standards for the two 
previous grades. The intention was to measure the degree of improvement achieved by the 
programme in improving learner performance on these grade level standards since we knew that 
most learners were well below their expected standards at baseline. Consequently, this indicator 
was added to gauge their level of improvement towards the required Grade 6 standards. 
 
Table Thirty Three: Part 5: Operations covering the Assessment Standards for Grades 4 & 5: 
Grade 6 only (%) 
 

 Uncontrolled Controlled
Project 38.5 45.1
Control 17.5 17.55
Difference +21.0 +27.55
 
Once again the impact is very significant in both controlled and uncontrolled data. This clearly 
demonstrates the effectiveness of materials in improving learner performance on assessment 
standards prior to the grade level in which they find themselves. This feature is essential in terms of 
multi-grade classes in which many of the learners are far below required competency levels; it is 
essential that all learners in multi-grade classes can improve even if they cannot reach the standards 
for the grade in which they are enrolled. 
 
2.3. Learner Performance in the Four Operations 
 
The next two tables analyze the data in terms of each of the four operations in Part 2 of the 
instrument. In general, we knew that scores nationally for addition and subtraction are relatively 
much higher than those for multiplication and division because of the greater ease of using simple 
unit counting methods to solve them. In the event, the impact on learner performance in all of the 
operations was significant, as we have already seen, but this improvement was most marked in 
multiplication and division. 
 
The full set of figures is provided for multiplication only – a summary of all of the operations 
follows the table below. 
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Table Thirty Four: Impact on performance on multiplication problems (%) 
 

 Grade 4 (5 items) Grade 6 (5 items) 
 Uncontrolled Controlled Uncontrolled Controlled
Project  
Baseline 7.40 7.00 2.80 2.20
Post Test 20.20 23.80 15.80 22.00
Change +12.80 +16.80 +13.00 +19.80
% increase on baseline +172.97 +240.00 +464.29 +900.00
Control  
Baseline 6.80 6.80 1.40 1.40
Post Test 10.60 10.60 2.60 2.60
Change +3.80 +3.80 +1.20 +1.20
% increase on baseline +55.88 +55.88 +85.71 +85.71
Impact: % points +9.0 +13.00 +11.80 +18.60
Impact: % increase +117.09 +184.12 +378.58 +814.29
These figures are unequivocal in providing evidence of really significant impact in multiplication. 
While the huge figures for % increase over baseline are obviously affected by the very small base 
from which they are calculated, the relative differences between project and control groups are 
unaffected – both groups started from a very small base and the project group improved enormously 
relative to the controls. 
 
It is not really surprising that this should be so – the PMRP made a concerted effort to curtail the 
use of unit counting, and increase the level of memorization, drill and retrieval of the times tables, 
as well as borrowing and carrying (place value. There can be no serous doubt that this approach is 
far more effective enabling learners to easily perform multiplication (and division) problems 
quickly and accurately – learners have actually learned to calculate. 
 
Table Thirty Five: Summary of Impact on Learner Performance in Four Operations 
 

 Grade 4 Grade 6 
 Uncontrolled Controlled Uncontrolled Controlled 
Add (5 items)   
% points +7.2 +9.4 +18.2 +23.4 
% of baseline +16.43 +20.0 +42.18 +54.86 
Subtract (5 items)   
% points +9.00 +11.2 +17.4 +25.0 
% of baseline +32.90 +34.66 +87.91 +121.32 
Multiply (5 items)   
% points +9.0 +13.0 +11.8 +18.6 
% of baseline +117.09 +184.12 +378.57 +814.29 
Divide (5 items)   
% points +12.6 +16.4 +10.2 +13.8 
% of baseline +92.24 +104.94 +128.15 +156.01 
 
2.4. School level analysis: Distribution of Impact 
 
Nick Taylor has commented: 
“The first major lesson to emerge from intensive activity over the last two decades aimed at 
improving teaching and learning in poorly performing schools, is that only a fraction of such 
schools are amenable to improvement. The remainder have a propensity to absorb all resources 
directed towards them, without showing any signs of the slightest improvement. If … school 
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improvement initiatives … were able to select only those schools which are amenable to 
improvement, the mean gains would be many orders of magnitude higher, and these would be 
achieved at a fraction of the cost.” (Schools, Skills and Citizenship. JET, 2006. 
 
Note that the mean of gain scores in the two tables that follow are calculated by taking a mean of 
the school/grade mean scores, whereas the impact tables above calculate the school/grade means 
against the n of individual learners. 
 
Table Thirty Six: Distribution of impact: uncontrolled for programme coverage 
 

 Grade 4 (n:20 schools) Grade 6 (n:18 schools) 
Change greater than +2% (+ve impact) 18 = 90% 17 = 94.4% 
Change between +2% and -2% (no impact) 1 = 5% 0 
Change lower than -2% (-ve impact) 1 = 5% 1 = 5.6% 
Range of gains in school mean scores (%) +23.91 to -8.1 +27.78 to -3.80 
Mean of school gain scores (%) +12.45 +13.80 
 
Using +2% as the threshold of statistical significance, virtually all of the schools indicated positive 
impact on learner performance, while only one registered no impact at Grade 4 level and 1 
registered negative impact at Grades 4 and 6 levels respectively. 
 
These proportions of schools providing evidence of, at least, statistically significant impact are well 
beyond those obtained in studies of other intervention programmes. The performance of the PMRP 
in this regard can be gauged by comparing typical data derived from another study of a programme 
dealing with mathematics at Grades 3 and 6 levels in 3 provinces that has lasted for 3 years. 
 

Figure Five: Distribution of Impact by % of schools/grades: Project X 
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The very much better performance of the PMRP programme in achieving positive impact across a 
large proportion of the participating schools is evident. 
 
This is even more true once we control the project scores for programme coverage; once half of the 
programme is applied all of the schools record a gain in mean score well over +2%, in fact none of 
these schools/grades recorded a gain lower than +5.5%. 
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Table Thirty Seven: Distribution of impact: controlled for programme coverage 
 

 Grade 4 (n:20 schools) Grade 6 (n:18 schools) 
 50% coverage 80% coverage 50% coverage 80% coverage 
Schools 16 = 80% 12 = 60% 16 = 88.8% 9 = 50% 
Range of gain scores (%) +23.91 to +6.23 +23.91 to +12.68 +27.78 to +5.5 27.78 to 13.26 
Mean of gain scores (%) +15.77% +18.39 +15.38 +21.26 
 
When the scores are controlled for coverage of at least 11 weeks, none of the schools recorded a 
gain lower than +12.68%. 
 
2.5. Problem Solving Methods 
 
Firstly, let us recall that the discussion of the research design stated two central predicted impacts: 

 A significant increase (i.e. over +2%) in score of the project group over the control group 
between pre-and post-testing. 

 A significant difference in the frequency of calculation methods, as against counting methods, 
in the project over the control group by the end of the programme. 

 
We have seen that the first objective has been achieved. Given the theoretical basis of the 
programme, it would be very surprising indeed if the second were not also achieved. Phase I of the 
PMRP concluded that the inability of learners to perform calculations, especially using larger 
number numbers, caused by a near-total reliance on simplistic counting methods was the central 
problem inhibiting the development of more complex cognitive competencies in mathematics. 
 
A sample of 50% of the completed scripts was chosen at random (every second test) from a sample 
of 50% of the schools, also randomly selected (every second school). Each script was analysed in 
terms of both individual learners (scripts) and the proportion of types of methods against the total 
number of workings in the same scripts; the first tells us what proportion of learners rely on the 
different methods, the second the global proportions of each method used in classrooms. 
 
Table Thirty Eight : Frequency of methods used: % of scripts 
 

 Grade 4 Grade 6
Project 
Unit counting only 35.7 3.2
Unit counting used in over half of all workings 24.2 3.2
Whole numbers used in over half of all workings 22.5 33.7
Whole numbers only 17.6 59.9
Control 
Unit counting only 63.1 37.7
Unit counting used in over half of all workings 26.2 14.7
Whole numbers used in over half of all workings 8.6 36.6
Whole numbers only 2.1 10.9
 
The evidence of significant impact on the types of methods learners use is striking; at Grade 4 level 
35.7% of learners in project schools rely exclusively on unit counting as against the 63.1% in 
control schools; the comparable figures for Grade 6 are equally compelling: 3.2% as against 
37.7%. Conversely, 17.6% of learners at Grade 4 level in project schools work exclusively in 
whole numbers as against the 2.1% in control schools and the Grade 6 figures are again 
significantly better: 59.9% as against 10.9%. 
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These figures provide strongly supportive evidence that the PMRP has succeeded in altering the 
pattern of learning solving methods employed by learners in project schools – they are far more 
capable of performing conventional calculations than are the learners in the control schools. 
 
The differences are more easily seen in graphic format. 
 

Figure Six: Frequency of methods used: Grade 4 (learners)
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Figure Seven : Frequency of methods used: Grade 6 (learners)
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The second analysis compares types of workings against the global totals for all workings. 
 
Table Thirty Nine: Frequency of methods used: % of all workings 
 

 Grade 4 Grade 6
Project 
Unit counting 42.4 5.8
Whole number repeated operations 6.2 8.4
Whole number calculations 39.3 85.6
Control 
Unit counting 82.6 45.4
Whole number repeated operations 4.3 10.3
Whole number calculations 13.1 44.3
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Once gain, the evidence is clear and unambiguous. While 42.2% of all the workings used by 
learners in project schools at Grade 4 level employed unit counting, the figure for the control 
schools was a staggering 82.6% and the comparable figures for Grade 6 are 5.8%  and 45.4%. 
Conversely, 39.3% of all problems solved by learners at Grade 4 level in project schools used 
whole number calculations as against the 13.1% in control schools and the Grade 6 figures are 
again significantly better – 85.6% as against 44.3%. 

Figure Eight: Frequency of methods used: Grade 4 (problems)
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Figure Nne: Frequency of methods used; Grade 6 (problems)
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2.6. Conclusion 
 
All of the data presented in this report provides clear, consistent and unambiguous evidence of the 
achievement of the objectives of the PMRP against the key summative impact indicators; learner 
scores have genuinely improved across a large proportion of the sample and problem solving 
methods have changed dramatically. 
 
Consequently, it is safe to conclude that the validity of the theoretical design and methodological 
application of the PMRP programme has received strong empirical support, far beyond the 
threshold of statistical significance, in improving levels of learner performance in mathematics in 
Intermediate Phase. 
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APPENDIX ONE 
 

SCANS OF LEARNER SCRIPTS 
 
These scans are all drawn from scripts competed by learners at post testing and are presented to 
illustrate the figures presented in the main body of the report. 
 

 
 

These examples are both drawn from Grade 6 scripts, the first from learner in a control school uses 
only unit markings while the second from a project school uses only whole number calculations. 
 

  
 

These examples, both from Grade 6, illustrate the gap in the ability to solve word sums by the end 
of the project; the first is from a learner in a control school, the second from a project school. 
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All of these examples are from Grade 6 scripts. The two on the left typify methods used by learners 
in control schools to solve multiplication problems. The first is 4 x 7 where 4 is repeated 7 times 
and then reduced to units which are counted to arrive at the answer. The second is 5 x 67 in which 5 
is repeated 67 times and them added to itself to arrive at the answer. The one of the right, by 
contrast, is from a project school in which complex problems (856 x 45 and 8 681 x 37) are solved 
correctly through knowledge of the algorithm combined with a mastery of the times tables and 
place value. 
 
 
Compare the ability to control place value by the project learner, above with a corresponding 
inability to do so by another Grade 6 learner in a control school, below. The item itself appears in 
Part One of the instrument and is drawn from the National Systemic Evaluation instrument. 
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Here learners from project schools in Grade 4 are able to answer questions correctly from Part 2 
(ESA genericLO1) and Part 1 (NSE LO1), respectively. 
 

  
 

These examples are both drawn from Grade 6 learners and illustrate performance on Part 5 –
operations based on the assessment standards for Grades 4 and 5. The first is from a control school, 
the second from a project schools. 
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These examples illustrate the enormous differences in ability in Grade 6 learners. The learner from 
a control school in the first can barely write and scored zero on the test, the second can write and 
scored 73 out of 86 (85%). Yet both were passed as competent at the end of Grade 5. 
 

 
 
Both examples are from control schools. In the first, the learner attempts to calculate 20% of 160 by 
using repeated operations while the second illustrates the use of unit counting to solve addition, 
subtraction and multiplication problems. 
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APPENDIX TWO 
 

REPORTS FROM SCHOOLS AND EXAMPLES OF TEACHER RESEARCH DIARIES 
 
These scans are of formal school reports submitted to Circuit Managers, as well as extracts from 
research diaries kept by teachers and provided to ESA at the end of the field test. 
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APPENDIX THREE 
 

PHOTOGRAPHS FROM THE FIELD 
 

 

This photograph, taken during the piloting of the materials, illustrates a Grade 4 learner in a project 
school practicing the solving of division problems using whole number calculations. 
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Group work: the winner of a flash card (mental arithmetic) game in Grade 4. 

 

 

Learners working as individuals. 
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Learners working in pairs. 
 

 

Direct instruction: the teacher explicates place value during the Listen and Learn Phase of a lesson 
in Grade 4. 
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