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The challenge: The very poor teaching and 
learning of numeracy and mathematics in South 
African primary schools is a pernicious problem, 
and its solution is proving to be even more diffi  cult 
than improving the teaching of literacy. 

Responding to the challenge: The good 
news is that this problem is now receiving serious 
attention from government. It plans to produce and 
distribute workbooks in literacy and numeracy to 
each child in grades 1 to 6 in the poorest 60% of SA 
schools in 2011. These developments emphasise 
the importance of research on the eff ectiveness 
of materials of diff erent design. In 2010 we used 
a randomised control trial (RCT) design to make a 
modest start in this fi eld.  We wanted to establish 
whether workbooks were more eff ective than a 
standard maths textbook in improving numeracy.

Research question:  There are a number 
of workbook series in use, and we chose the 
Primary Maths Research Project (PMRP) materials 
for review.  The PRMP workbooks were based on 
the assumption that mathematics performance 
would only be enhanced if certain “bedrock skills” 
were in place.  The bedrock skills identifi ed were: 
an understanding of place value in the base-10 
number system; knowledge of basic number 
bonds and multiplication and division tables.

The PMRP materials were chosen as the focus of the 
study because their development was prompted 
by the fi nding that primary level learners made 
common, basic arithmetic errors.  Its explicit 
proposition is that ‘automating’ the foundation 

skills will lead to more effi  cient learning, and the 
workbooks had been trialled quite rigorously. 

Our research question was whether the Primary 
Maths Research Project (PMRP) materials, which 
emphasise profi ciency in the four arithmetic 
operations, could be more eff ective in improving 
primary mathematics achievement than materials 
currently widely used in schools. 

Primary Maths Research Project: The PMRP 
approach is not to prioritise basic operations to 
the exclusion of problem solving, but emphasises 
profi ciency in the four operations as a prerequisite 
for problem solving. In order to achieve these 
aims, the workbooks consist of exercises which 
are mostly repetitive, numeric activities designed 
to consolidate concepts that have been taught. 
Each day starts with a 10 minute mental maths 
exercise. Contextualised word problems are also 
provided at two intervals during the programme, 
and frequent formal assessment tasks include 
some word problems. Primary Maths provides 
coverage of LO1 (numbers and operations) only, 
and allocates 14 weeks to this task. The materials 
require that teachers test their learners at the 
start of the programme and then place them into 
strands according to their achievement on the 
diagnostic test. Each level provides the learners 
with the same mathematical content but on 
diff erent levels, ranging from Grade 3 level work to 
Grade 6 level work.

Study design: To answer the research 
question, a JET Education Services/University 
of the Witwatersrand consortium undertook a 
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randomised control trial involving one Grade 6 
class in each of 42 primary schools serving low-
income communities in Gauteng. Schools in the 
sample were randomly assigned to intervention 
and control groups. The ‘intervention group’ were 
taught using the PMRP workbooks, while the 
control group used a highly regarded and widely 
used textbook called Classroom Mathematics 
(CM). CM provides thorough curriculum coverage 
with many worked examples, good theoretical 
defi nitions and a wide spread of exercises for 
learners ranging from repetitive numeric activities 
to contextualised word problems. The book also 
contains expositions of alternate algorithms, 
such as using expanded notation to ‘decompress’ 
‘long’ multiplication and division. CM also strongly 
promotes problem solving and encourages the 
drilling of multiplication tables and addition/
subtraction bonds. 

Both sets of teachers received two days of training 
in the use of the respective materials. Teachers 
were also visited three times during the 14 week 
programme in their classrooms to assess the 
degree to which they were following the materials. 

Pre- and post-tests were administered to 
both groups and the relative gain score of the 
intervention group was calculated. Any statistically 
signifi cant gains registered by the intervention 
group could then be attributed to the intervention. 

Fieldworkers also examined learner books and 
noted how far the class had progressed and 
whether all exercises had been completed up to 
that point (‘coverage’).

Study results

Overall improvement: Learners using both 
sets of materials made substantial gains in terms 
of the proportions of learners who achieved 50% 
or more.   Nearly one-fi fth more children in both 
groups achieved this ‘pass’ on the post-test, nearly 
45% more than had passed the pre-test. 

No signifi cant diff erence between 
intervention and control: Despite the 
diff erences between PMRP and CM materials 
in both form and internal logic, there was no 
signifi cant diff erence in the gains made by the 
two groups on a test which assessed algorithmic, 
conceptual and strategic understanding. Neither 
was there a substantive diff erence between the 
two groups, with the PMRP group showing a mean 
improvement of 8.13 percentage points compared 
with 8.62 percentage points for the CM group.

Improvements based on coverage: The 
two interventions do diverge in terms of the gain 
scores by degree of coverage. Whereas 607 (44%) 
learners in the CM group achieved 79% coverage 
or more, only 420 (37%) of the PMRP group 
achieved this. This may be because CM is more 
easily readable than PMRP and therefore classes 
are able to progress faster, although it will have 
to be investigated further. Also, those CM learners 
who covered 79% or more achieved higher gain 
scores (12 percentage points) than their PMRP 
counterparts (8.85). On the other hand, those PMRP 
learners who covered less that 79% of the material 
showed higher gains (7.72) than the equivalent 
fraction of CM learners (6.61). These diff erences 

are striking, but their 
reason is unclear and 
more qualitative work is 
required to understand 
it better. In general, for 
both groups, gain scores 
increased with increasing 
coverage which provides 
strong evidence that 
the use of the materials 
caused the learning gains.
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Teaching by talking dominant in South Africa

It is a well-documented fact that a very strong verbal culture dominates South African classrooms, with the teacher 

doing most of the talking and learners doing very little reading and writing. The evaluation described below found 

striking evidence to confi rm these fi ndings. For example, in preparation for the study, a comprehensive audit of all 

learner materials for the teaching of Grade 6 mathematics in 22 randomly selected primary schools in Gauteng was 

undertaken. The audit revealed that schools were using 11 diff erent approved titles, that only two had suffi  cient 

books to provide individual copies to all Grade 6 children, and that half of the schools had only a teacher’s copy of the 

book. These schools were selected so as to represent Quintile 1-4 schools in Gauteng and the implication of the audit 

fi ndings is that half the learners in the majority of schools in the province never get to handle a maths textbook, let 

alone work from it for extended periods.
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The main diff erences between the two books

PMRP emphasises standard algorithms, mental arithmetic and exercises of a more repetitive nature to develop 

profi ciency in adding, subtracting, multiplying and dividing. The learners write directly in the workbooks. 

Classroom Mathematics places more emphasis on problem-solving through a wider range of algorithms and 

exercises, on the assumption that this approach is better at developing conceptual understanding. CM is a 

conventional textbook and the exercises are performed on separate paper.

Diff erences based on mathematical 
ability: A close analysis of the data by 
mathematical skill and learner pre-test scores 
reveals other important diff erences in achievement 
of the two groups. We divided learners in both 
groups into three achievement categories of 
roughly equal size: those scoring 0-37% on the 
pre-test, those achieving 38-54%, and the top 
learners who scored 55% or more. The CM group 
showed stronger gains than the PM group among 
the weakest students, almost identical gains for 
the average group, and marginally lower gains for 
the strongest students. This appears to be counter-
intuitive as the PMRP materials were explicitly 
designed with weaker learners in mind.  Here too, 
the reason for these diff erences is unclear. 

For learners who achieve in the middle range 
PMRP learners outperformed CM learners in the 
four operations and in mental calculations, which 
is in accordance with the design of PM. For the 
higher level skills – problem solving and fractions 
– CM shows an advantage, which is also congruent 
with the design intentions.  

For the top performing learners, results are more 
mixed, but PM learners generally score better in 
the four operations and mental maths, and CM 
learners having an advantage in fractions and 
number concepts. However, a major diff erence 
between the top- and middle-achievers is that top 
PM students seemed to benefi t more in the area 
of problem-solving than CM learners. Perhaps the 
PM philosophy, that problem solving becomes 
easier when the number bonds and multiples have 
become a habit, is vindicated. This however needs 
to be investigated in much greater detail. 

What does this mean for South 
Africa?

The advantage of randomised control trial (RCT) 
designs is that they are able to generalise research 
fi ndings to the target population, in this case 
Grade 6 classes in quintile 1-4 schools in Gauteng, 
and to confi dently attribute relative changes 
between the intervention and control groups to 
the intervention. The answer to our main research 
question – does the PMRP, as a customised 
workbook, show an advantage over a conventional 
textbook – is clearly in the negative: both groups 
learned a great deal during the evaluation, but the 
overall PMRP results were the same as those for CM. 
It seems that regular reading and writing activities 
on the part of learners is signifi cantly promoted by 
the provision of structured materials to both sets 
of learners, a minimum of teacher training, and 
eff ective monitoring of materials usage in class, 
which in turn improves mathematical performance. 

However, interesting diff erences emerge when 
scores are disaggregated by learner ability and 
mathematical skill, and these diff erences have 
implications for materials design. As could have 
been predicted, the PMRP materials appear to 
have strong and consistently higher gains for 
learners in the four arithmetic operations.  This 
is consistent with the design intention of the 
programme.  Interestingly, the data reveals that 
the PMRP approach is most eff ective at enhancing 
basic operational skills for children with average to 
higher ability than for slower learners.

Complementing these fi ndings is the conclusion 
that CM appears to be more successful at 

promoting the development 
of more complex concepts, 
including elementary 
fractions and problem 
solving strategies. The most 
obvious implication of these 
fi ndings is that profi ciency 
in the four operations is 
promoted by mental maths 
exercises, while problem 
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solving skills are developed through a systematic 
approach throughout the course. This suggests 
that some combination of PM and CM would be an 
improvement on either book on its own. 

Further research opportunities: The study 
provides exciting results, but also has severe 
shortcomings. A major constraint on RCT research 
designs is that they are blind to the mechanisms 
which drive the changes observed. In other 
words, they can confi dently show a change 
accompanying an intervention, but, on their own, 
RCT programmes cannot explain why or how these 
changes happen. This latter area is the domain of 
intensive descriptive studies, which would include 
classroom observations of materials in use and 
discussions with teachers and learners. Because 
of their intensive nature, such qualitative studies 
are necessarily small in scale and therefore cannot 
reach general conclusions. Ideally, intensive 
descriptive studies should accompany RCTs in 
order to better understand change mechanisms, 
and the details of eff ective design elements. 

Start with the basics – Get books into 
schools: In terms of policy lessons, our study 
shows that, in Gauteng at least, children cannot 
use books, suitable or otherwise, because they 
are simply not available in most schools. The fi rst 
task in getting teachers to teach reading, writing 
and mathematics is to get books to schools and 
promote their use through training and regular 
in-class support. Under these conditions, research 
of the kind described in this paper would be 
invaluable in understanding how specifi c elements 
of materials design and use promote learning.

Hands-on Learning Brief 1April 2011

The DG Murray Trust encourages its implementing partners to share their experiences and learning in the form of a Hands-on learning 
brief.  Download guidelines on writing a Hands-on brief from http://www.dgmt.co.za/what-we-learned/.
For more information visit http://www.dgmt.co.za

EARLY CHILDHOOD 

DEVELOPMENT

EDUCATION TO 

READ AND WRITE

CONNECTION TO 

OPPORTUNITY

LEADERSHIP FOR A 

WINNING NATION

INCLUSION OF THOSE 

MOST LEFT OUT


