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ABSTRACT

The Primary Mathematics Research Project: 2004-2012
An Evidence-Based Programme of Research into Understanding and Improving the Outcomes of
Mathematical Education in South African Primary Schools

A growing body of evidence from national and international comparative research conducted since
the introduction of the new Outcomes-Based Education (OBE) curriculum in 1998 shows that South
African mathematical education is achieving outcomes far below the standards expected by the
national curriculum. There is consistent evidence that around 80% of all learners are below the
minimum expected standards for the grades in which they are enrolled and there is no evidence that
the achievement levels of learners have improved since 1998.

There is a multiplicity of plausible and interlinked explanations for educational underperformance
in different social contexts making it next to impossible to design and research a causal model
encompassing all of them. Current production function based models have been able to account for
an increasing degree of variance in performance between different schools by including indicators
for key qualitative variables at classroom level, especially ‘Opportunity to Learn’, but still leave a
significant residual of this variance unexplained. These models are unable to explain declines in
previously high performing schools to which none of the identified independent variables apply.

Virtually all researchers agree that what goes on in classrooms must be central to comprehensive
causal explanations for performance though there is some disagreement on the usefulness of a
distinction between ‘learner-centred’ and ‘teacher-centred’ methodological forms, and the theories
of learning that underpin them, to this endeavour.

Evidence for the greater effectiveness of direct and guided instruction in the teaching and learning
of new mathematical knowledge to young children is explained in the context of our current
knowledge of neurocognitive architecture and of cognitive load. ‘Discovery’, ‘active’ and
‘collaborative’ methodological forms typical of learner-centred education overwhelm the short-term
processing capacity of learners and inhibit the efficient transfer of information to long-term memory
(learning). Learning deficits in a cognitively and conceptually hierarchical subject such as
mathematics are cumulative and result ultimately in dismal performance at matriculation level.
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This thesis reports the use of an exploratory study to inform the development of a model of teachercentred education operationalized through the mechanisms (‘levers of change’) of direct instruction,
the use of memorization and extended practice of newly learned content. This model is tested
through a four-stage research programme consisting of a randomized controlled trial (RCT), an
investigation of the potential influence of Hawthorne Effects on the findings of the RCT, the
replication of the model applied during the RCT on a larger scale under different conditions, and an
investigation of the social significance of the findings of the research programme through a
comparative exercise in benchmarking.

These mechanisms are more effective in improving the performance of learners than the routine
departmental instructional programme based on OBE learner-centred theories of minimal/restricted
teacher guidance, the rejection of memorization and the promotion of discovery learning. As such,
this thesis provides a contribution to the growing body of literature around the implications of
neurocognitive science for education.

In showing that the methodological forms used by teachers in classrooms do matter to the
improvement of learner performance in primary schools, the thesis provides a resolution to the
divergence in the South African educational literature. In doing so, it also suggests that it is likely
that the inclusion of indicators based on the use and outcomes of these forms will account for much
of the residual unexplained variance in performance in production function research.

Eric Schollar
20 January 2015
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PREFACE
THE PRIMARY MATHEMATICS RESEARCH PROJECT

AN EXTENDED PROGRAMME OF RESEARCH, ACKNOWLEDGEMENTS AND
RESEARCH ETHICS
The thesis presents the results of the Primary Mathematics Research Project (PMRP), a
research programme consisting of a number of linked stages and types of studies between
2004 and 2012 into the teaching and learning of the fundamentals of mathematics by children
in South African primary schools since the introduction of OBE in the form of Curriculum
2005 (C2005) in 1998.

The PMRP was designed as an extended programme of evidence-based educational
development using a combination of qualitative and quantitative methods, including an
exploratory re-analysis of existing data from previous programme evaluation studies, a
randomized controlled trial and a follow up large scale non-experimental whole population
longitudinal replication study. The choice of research methods and objectives for each study
has been dependent on the specific theoretical and operational context, and the stage of
development, of an intervention through which the outcomes of the application in classrooms
of a model of hypothesized and methodologically operationalized key mechanisms derived
from learning theory could be reliably tested.

Although this thesis also uses a great deal of the data and information generated by a number
of programme evaluation studies commissioned through an independent research agency,
Eric Schollar and Associates (ESA), the PMRP research programme was operated separately
from the commissioned work of this agency.

Acknowledgements

The PMRP was funded by research grants from a number of sources for the four main
studies, as well as for the development and operational delivery of the intervention that is
subject of these studies: the Shuttleworth and Zenex Foundations, Anglo American
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Chairman’s Fund and XStrata Trust (South Africa). Their support is very gratefully
acknowledged.
To have had the opportunity to design and operate both the ‘research and development’ and
the ‘research and evaluation’ components of a sustained and independent research
programme over such a long period as nine years is exceptionally unusual for researchers in
this country or, as far as I know, internationally. Although the support of all of the funding
agencies has already been acknowledged, the Zenex Foundation provided the bulk of the
grants over the longest period and the PMRP would not have been possible without their
generous support.

To sustain the research programme over such a long period required the permission of the
respective departments of education. The original stimulus for the PMRP was provided by
Mr. Edcent Williams, then-Chief Director of the Directorate of Curriculum and Assessment,
who also provided endorsement of the initial research grant proposal to the Shuttleworth
Foundation. The subsequent support and approval of Dr. Sibusiso Sithole, then-Chief
Director of the Directorate of Quality Promotion and Assurance, and Dr. Meshack Moloi,
Director of the National Systemic Evaluation, both of the National Department of Basic
Education, is also gratefully acknowledged.

Ms. Onica Dederen, Acting-Head of Department, Limpopo Department of Education, helped
steer the field research programme through the intricacies of working with provincial, district,
circuit and school levels of the department. Without her guidance and support, it would not
have been possible to sustain either the intervention treatment or the associated evaluation
studies. In formal organizational terms, the PMRP was located as a research programme
within the overall provincial Learner Attainment Strategy and operated under the authority of
Ms. Dederen.

As far as the research site itself is concerned, the unstinting and professional advice, support
and assistance of Mr. Ndwandwe Mukhacwa, General Education and Training (GET)
Mathematics Coordinator, Vhembe District, has been invaluable, especially in his role as the
departmental PMRP Project Manager between 2010 and 2012.
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I have learned a great deal through my supervisor, Prof. Jeremy Seekings, more than I could
possibly have imagined I didn’t know! I hope he will agree that this thesis represents a
reasonable attempt to bring closer together the disparate worlds of commissioned evaluation
research and university-based research.

I thank my wife, Kim, and my children, Leila and Christopher, who had to adjust to me
researching and writing this thesis, while simultaneously working in ESA, over so many
years. My work colleagues, especially Ms. Luisa Roscani, National Manager of ESA, also
deserve thanks for repeatedly ‘taking up the slack’ while I was away working on the PMRP.

Research Ethics

Approval to use an experimental design was provided by all sectors of the educational
community in the research site including circuit managers, members of School Governing
Bodies (SGB), School Management Teams (SMT), teacher organizations, political parties
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The grants that made this research and this thesis possible were provided under SARS VAT
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It is a conventional and general practice to refer to the main racial categories in South Africa
as blacks, whites, coloureds and Indians. This practice is adopted for practical convenience
and does not imply acceptance of the racial categorization of the people of this country.

Eric Schollar: schollar@global.co.za or eric.esa@gmail.com
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CHAPTER ONE

BACKGROUND TO THE PRIMARY MATHEMATICS RESEARCH PROJECT

PRACTITIONERS, POLICY, THEORY, OUTCOMES AND RESEARCH

This thesis and the study it presents has grown out of, and is embedded in, thirty six years of
personal educational experience as a professional educational practitioner and researcher.

Prior to my current work in ESA, this experience consisted of eight years (1976 to 1983) as a
classroom teacher in Australia, including the period over which the Australian version of
Outcomes-Based Education was first introduced; two years (1986 and 1987) as a distance
programme evaluator at the South African Committee for Higher Education (SACHED)
Trust in Johannesburg during the ‘People’s Education’ campaign; and six years (1988 to
1994), including three years as National Operations Director, for the Programme for
Technological Careers (PROTEC) - a private-sector funded organization that applied a
comprehensive development programme to the preparation and development of black
secondary learners for scientific, technical and technological education.

Since 1994, I have worked as a specialist programme evaluator and educational researcher in
South Africa through an independent agency, Eric Schollar and Associates (ESA). During
this period I have had extensive and long-term experience in all South African provinces and
contexts: urban, township, informal settlements and rural areas. ESA has worked with, for, or
on behalf of a wide range of both local and international state departments, private sector
companies, independent foundations, development agencies and NGOs:
RioTinto Management Services
Education Africa
UNESCO
Department for International Development (DfID)
The National Business Initiative (NBI)
Anglo American Platinum (AMPLATS)
Junior Achievement South Africa (JASA)
READ Education Trust
Media in Education Trust (MiET)

Jane Hofmeyr Associates
FOSKOR Development Trust
Anglogold Ltd.
University of Pretoria
JET Education Services
The Palabora Foundation
The ZENEX Foundation
The Business Trust
Witkoppen Community Trust
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Business Education Design (Pty) Ltd.
President’s Education Initiative (PEI)
Association for Development of Education in Africa (ADEA)
Research Triangle Institute International (RTI-I)
Independent Schools Association of South Africa (ISASA)
Catholic Institute of Education (CIE)
The Gauteng Education Development Trust (GEDT)
The Centre for Development and Enterprise (CDE)
XSTRATA Trust
Embassy of the Kingdom of the Netherlands
Room to Read
Click Foundation
The Matthew Goniwe School of Leadership & Governance
(MGSLG)
The National Education Collaboration Trust (NECT)

Kimberley-Clark (Pty) Ltd.
The Urban Foundation
The British Council
The Shuttleworth Foundation
The Kangra Group
Stellenbosch University
Anglo American Chairman’s Fund
Limpopo Department of Education
Fuel Trust
National Planning Commission (NPC)
Evaluation Research Agency (ERA)
Epoch and Optima Trusts
National Education Evaluation and
Development Unit (NEEDU)
TEACH South Africa

The summary of completed research activity by ESA that follows is restricted to the sixteen
years of the 1997 to 2012 period: 1998 was the year in which OBE was introduced through
the new Curriculum 2005 – the current cohorts of learners at all grades of the system have all
started and will complete their schooling under the new post-apartheid dispensation - and
2012 was the last year during which data were still being collected for the study presented in
this thesis.

The summary reflects research activity on a national scale for a variety of research or
programme evaluation studies during which ESA either carried out the external evaluation
itself or, rather less often, collected field data for another research agency, chiefly JET
Education Services. Some of these studies operated over multiple years, the longest being
five years, and they covered the complete range from Grade 1 to 12, though primary-level
studies are rather more common and make up around two thirds of the total. Two of them
were published in The International Journal of Educational Research (Schollar, 2001).
Table 1: Summary of research conducted by ESA: 1997-2012
Number of research studies
Research visits to schools
Schools visited
Mean number of visits/school
Principal and SMT interviews
Teacher interviews
Lesson observations
Learners’ workbooks analysed
Learners tested

22
2,738
1,257
2.2
2,443
5,086
5,175
5,042
72,054
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A more comprehensive list of these studies by year, type and grade will be found in
Appendix One. The list includes programme evaluations of significant development
interventions: the National Learning for Living Project of the Business Trust; the Educational
Quality Improvement Programme (EQUIP) of the National Business Initiative (NBI) in
Gauteng, KwaZulu-Natal and the Western Cape; the School Development Programme (SDP)
of the Zenex Foundation in Gauteng, Limpopo, KwaZulu-Natal and the Western Cape;
Imbewu I of the provincial education department and the British Department for International
Development (DfID) in the Eastern Cape; the Gauteng Primary Literacy Strategy (GPLS) of
the Gauteng Department of Education (GDE).

In addition to the studies reflected in the summary, I have also carried out post-project, postexternal evaluation reviews of three significant development interventions typically using
internal project operational reports and external evaluation reports by other agencies along
with small-scale qualitative ‘ethnographic-type’ field research - interviews with ‘significant
actors’, school visits and lesson observations – as well as the re-processing and analysis of
quantitative learner performance data. Two of these were of related interventions, the District
Development Support Programme (DDSP) (Schollar, 2006) and the Integrated Education
Programme (IEP) (Schollar, 2008) both of the Research Triangle Institute International (RTII) and USAID in KwaZulu-Natal, Limpopo, Eastern and Northern Cape. The third comprised
two studies for the Khanyisa Programme of the Limpopo Department of Basic Education
(DBE): the first of these presented a Case Study into the quality of education provided by
Khanyisa schools (Schollar, 2006), while the second provided a comprehensive review of the
Provincial Numeracy Strategy piloted through Khanyisa (Schollar, 2009). ESA also carried
out a complete review of the national 3R’s Project of the Embassy of the Kingdom of the
Netherlands (Macdonald and Sapire, 2012). Along with the development of the review, we
collected the field data for the portion of this project known as the School Effectiveness
Study (Taylor, 2011).

The cumulative result of this work in South African educational research may most clearly be
seen in a recent attempt to draw together what we have learned about improving the quality
of the outcomes of schooling in this country (Sayed, Kanjee and Nkomo, 2013).
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This review is based on seven significant interventions, in six of which ESA either carried out
the external evaluation, or provided a post-project, post-evaluation review.1

The last form of relevant research experience that has provided context and information to the
thesis was a comprehensive meta-study, in conjunction with Jennifer Roberts, of the external
evaluations of 23 interventions in mathematics, science and English between 1998 and 2006
for the Independent Schools Association of Southern Africa (ISASA) (Roberts and Schollar,
2006).

This professional history has inevitably affected the approach of the thesis to hypothesis
formulation, to research design and methodology, and to the collection, use and interpretation
of evidential data. This is not to say that the research hypothesis is not located in theory - the
testing of a model comprised of a number of change mechanisms derived from the literature
is at the centre of the research design and analysis - but to acknowledge that the primary
‘route’ the research programme has taken to arrive at a working hypothesis has largely been
an inductive process grounded in extensive empirical work.

Evaluation research is by its nature a generalist practice. One study, for example, may be
dealing with the evaluation of a school management intervention aimed at the principal and
other members of the management team in secondary schools, while a concurrent study may
be dealing with the teaching and learning of basic literacy in the lower grade levels of
primary schools. Another might be dealing with the effects of a nutritional programme on
performance. Since an evaluation researcher cannot possibly be an ‘expert’ in every
conceivable educational field that may be the focus of commissioned research studies, the
result is that many do not manage to keep up with the variety of educational and
psychological literature, and the theory-based research that is reported there. I cannot claim to
be an exception.

Programme evaluation specialists tend to be primarily concerned with the more technical
literature around the debates within educational research and evaluation that continue to rage
around the relationship of theory to evidence, still often along the enduring conceptual and

1

EQUIP, Imbewu, DDSP, Learning for Living, IEP and Khanyisa
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methodological ‘fault line’ between ‘conservative / quantitative / positivist’ and ‘progressive
/ qualitative / appreciative’ approaches (Levin and O’Donnell, 1999).

Evaluation researchers deal with the application, changes and outcomes of educational
policies that are themselves theory-based and are understood as such. The South African
national educational discourse has always had a strongly ideological streak, inevitable given
our history, and this has sharpened the common theoretical positions (or, more often,
stereotypes) that are used to delineate South African debates over educational policy, learning
theory, curriculum design and classroom methodology.

In short, professional educational researchers and programme evaluators observe or measure
the real-world outcomes of theory-based policies and development programmes from the
‘bottom up’; as well as seek to understand the different ways in which these policies and
programmes are interpreted, understood and applied. To do so, they necessarily work in the
only context in which policy and theory can be subjected to testing, in schools and
classrooms. They work at the interface between theory, strategy and policy on the one hand
and practice, outcome and impact on the other.

Programme evaluation is based on the belief that developmental innovations and programmes
designed in response to specific social conditions, needs or problems should be subjected to
and informed by reliable evaluation research before they can be used for replication on a
large scale with a reasonable expectation of predictable outcomes (Deaton, 2010; Seekings,
2003; Slavin and Lake, 2008; Stanovich, 1999; Gowan and Millman, 1981).

This is especially true of the public education sector through which a very large number of
children are fundamentally affected for life by the theories, methodologies and learning
materials that underpin the schooling of individuals.
The South African socioeconomic context is currently marked by a severe ‘mismatch’
between what skills and competencies are required to sustain economic growth – and to
provide employment to individuals - and the actual outputs of the education system. Daniels
(2007) has identified a number of key areas in which demand is high and likely to grow:


Engineers, especially in the electrical, chemical and industrial sectors
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Natural scientists



Engineering technicians



Highly skilled Information Technology (IT) professionals



Shortages of PhD’s amongst staff in tertiary institutions



Doctors (largely due to emigration)



Teachers



Other occupations requiring mathematical ability (accountancy, for example)

Daniels concludes that inadequate attention to mathematics and science in schools limits the
supply of scientists and technologists and cannot keep up with demand. In fact, technical
skills of all kinds are in short supply in both the industrial and domestic sectors while, at the
same time, the unemployment rate remains stubbornly high.

Economic growth is obviously of central importance to the future of a society with over one
quarter of the population unemployed and much of it dependant on social grants, especially in
rural areas. Spaull notes some of the economic consequences of continuing educational
underperformance:
“The sub-standard quality of education provided to most South African youth has
severe economic consequences for those affected. Furthermore, (their) economic
prospects … appear to be deteriorating over time. The percentage of 18-24 year
olds who are not in education, employment or training (NEET) has increased
from about 30 per cent in 1995 to 45 per cent in 2011 while the percentage
enrolled … decreased from 50 per cent to 36 per cent over the same period. The
unemployment rate for the youth has also increased from 36 per cent in 1995 to
50 per cent in 2011, standing at twice the national unemployment rate in 2011.
Furthermore, of those unemployed in 2011, more than 70 per cent had never been
employed before.” (2013: 58)

The social and political implications of a failure to reach and sustain higher levels of
economic development than South Africa has achieved since the watershed year of 1994 are
clear enough. Structurally, the transition from a raw material and manual labour-based
economy to a value-added and information-based economy will be significantly slowed. The
continuation, even extension, of large internal disparities in skills development and economic
participation inexorably exacerbates the problem of ‘two nations’ within this country; one
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‘nation’ is relatively small, if no longer racially exclusive, generally technologically literate
and prosperous. The other is large, relatively technologically illiterate, young, poor and still
very largely black2 with the obvious potential for increasing political polarization and
populist radicalization on both class and racial fault lines.

Internationally, the need for an evidence-based approach to education has become
increasingly articulated by the ‘consumers’ of the outputs of schooling. An article in the
Science Journal section of the Wall Street Journal (10 December 2004) noted that the United
States spent $400 Billion a year on school-level education but that:
“… ‘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…we need the education
equivalent of an FDA that would not allow schools to implement a practice unless it
had empirical support.”

Seekings has noted that rigorous quantitative research has come late to South African social
science in general, and to education in particular. Social science was marked by hostility to
quantitative research and analysis in favour of either theory-driven or qualitative research
designs. “Indeed, there is a marked tension between proponents of more systematic
assessment of education performance … and the mainstream of educationalists; this tension
pervades universities as well as government, NGOs and … the schools themselves.” (2001:
22-23)

In education, hostility to quantitative research stemmed from the general anti-positivist stance
of the broader social sciences and the resulting shortage of data was an enormous constraint
on the analysis of the performance of the education system. Seekings further argues that
political leaders make decisions intended to maximize the benefit to children of the allocation
of scare resources to public schooling without adequate information on the costs and benefits
of current or alternative uses of these resources.

2

Minister of Labour Mdladlana was quoted as estimating that 30% to 40% of the population had ‘no education’
and could not read and write. ‘Mdladlana: Skills Shortage Remains a Problem’, Mail and Guardian, 7 July
2006).
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Crouch and Mabogoane (1997) provided an early analysis of the historical and current data
about the internal efficiency of the education system and showed how inadequate our
information set was, and how little analytical use was made of what existed. Speaking of the
existing forms of performance assessment, including the matriculation examinations, that
provide information to the department of education, Seekings (2001) noted that “…the suite
of forms of assessment … is unlikely to provide sufficient data on what ‘works’ and what
does not. These forms of assessment are necessary but not sufficient. In assessing how to
improve learners’ performance, experimental programmes and projects are indispensable”
(2001: 126).

The national education system is one of the largest organizations operated in any country and,
like any other large social organization, it is managed through the development,
institutionalization and maintenance of sub-systems operating through procedures, ranging
from school purchasing to curriculum delivery and assessment, that are standardized to one
degree or another. Introducing a strategic policy reform is a major operational and managerial
challenge. One has only to think of the person-hours and costs that have been devoted to the
development, training, adaptation and re-training of the national curriculum between 1998
and 2012. Curriculum 2005 was first adapted through the revised National Curriculum
Statement (NCS), with further iterations in the form of the Foundations for Learning
Campaign (FFL) and the current Curriculum and Assessment Policy Statements (CAPS).
Alongside this enormous process of change, learning and teaching materials for all subjects
that conform to the current iteration of the curriculum have been developed and distributed a
number of times, another enormously complex process.

The point is that coherent goal-directed social change on a very large scale is exceptionally
difficult to achieve and maintain. Once the ship of state is in full sail, it is very difficult to
make fundamental changes to its strategic direction. The corollary is that it is impossible for a
national education system to ‘experiment’ continually with innovations in theories of learning
and methodological practices and still maintain a coherent system, operating according to
reasonably standardized processes, with predictable outcomes.

In short, only once an innovation has been reliably evaluated should it be considered for
large-scale replication and institutionalization within the ‘routine’ system. Innovations that
are based on inadequate or incorrect theoretical and methodological assumptions have the
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potential to do a great deal of harm on a national scale and will, in turn, inevitably prove very
difficult to remedy once they are institutionalized.

The sort of evidence-based development to which the Wall Street Journal, Seekings (2003),
Crouch and Mabogoane (1997) and Deaton (2010) refer, challenges outcome research to
provide reliable information not only about what ‘works’ but also the why, how and under
what conditions it can be expected to continue to ‘work’ on national or provincial scales in
consistently and predictably improving the quality of the outcomes of schooling.

There have been a number of significant influences on evaluation and outcome research in
terms of the most reliable way to relate the broad concepts of theory, practice and outcome in
developing useful information for policy makers and practitioners. These influences cover a
large range from the experimental and quantitative tradition, exemplified by Shadish, Cook
and Campbell (2002) to the qualitative approaches emphasized by Grounded Theory (Glaser
and Strauss, 1967).

Thomas Merton (1949) provided an early theoretical and methodological resolution to
sociological debate over the nature of the relationship between theory and evidence in social
research in what he termed Middle Range Theory. He defined sociological theory as logically
interconnected sets of propositions from which empirical conformities could be derived. This
limits the meaning of theory to hypothesized theoretical mechanisms (however arrived at)
from which empirical (whether measurable or observable) predictions can be derived that are
capable of falsifiability in the Popperian sense.

In these terms, Dubin (1969) provides a detailed description of the logical and operational
processes through which sociological theories are developed and constructed in order to make
possible useful interaction between theory and empirical evidence. The process of theory
building is mirrored by the development of Logic Models (Babbie and Mouton, 2001) when
constructing evaluation research designs that seek to link theory with evidence and yield data
that is capable of sustaining causative analysis.

Dubin describes the fundamental characteristic of sociological theory as the essential
distinction between theory and theology:
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“A theological model … is presented as … true … The very certitude that
underlies its existence precludes the need for subjecting the theological model to
tests. Indeed, the attempt to … (do so is) … labeled as blasphemous … A theory,
on the other hand, … is clothed in uncertainty … When a theology does not work
in practice … (it) … is not called into question, but built-in reasons … are called
into play to explain the lack of correspondence of theological prediction with …
reality”. (1969: 231/2)

What both Merton and Dubin propose requires an acknowledgement of the uneasy nature of
the relationship between social theory and evidence. Unlike the physical sciences, there are
no grand explanatory paradigms with powerful predictive capability in sociology, besides the
statistical regularities found in opinion polling, marketing surveys and so on, from which to
derive and guide continuing experimentation toward an increasingly accepted, cumulative
and comprehensive theory of social behaviour.
Spurning experimentation, the grand philosophical systems of the late 18th and early 19th
centuries, like those developed by Kant and Hegel, each attempting to provide a definitive
Grand Theory of nature and mankind, provided an intellectual model for the development of
the early grand sociological systems of Compte, Spenser and Marx. To Merton this model
required “that a general and definitive framework of sociological thought be built rather than
developing special theories designed to guide the investigation of specific sociological
problems within an evolving and provisional framework”. (1949: 453)

The fatal limitation of all-embracing Grand Theory is typified by the failed but internally
consistent prediction by Marxism of socialist revolution in advanced capitalist societies
because of the advanced stage of class struggle reached in those countries. On the other hand,
all social unrest of whatever kind, to whatever specific goal, could easily be explained post
facto by the abstract concept of ‘class struggle’. The concept may be internally consistent
with the grand theory but it has no predictive power or ‘external’ validity.

In any case, Merton cautions sociologists to remember that even in physics, there are three
families of grand theory, each applicable to a specific range of phenomena from the
cosmological scale, through the local scale, to the bizarre subatomic scale and quantum
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theory. This is true despite, or rather because of, the many centuries of data collection,
accumulation, experimentation and theory building that underlies physics.

Sociology, on the other hand, is a much younger science with a rather more limited period of
observation and experimentation from which to derive general explanations with predictive
power over a very wide range of social contexts and conditions. It also has to deal with an
exceptionally complex and value-laden field in which multiple interacting variables affect
personal and social behaviour that are very difficult to distinguish or control for the purposes
of experimental investigation.
Not only are the ‘subjects’ of sociological research influenced by interacting variables in
context but they are capable of learning and reflection, and of altering the social structures
and processes in the environment around them. Perhaps the reason why Marxism failed to
achieve predictive power was that the bourgeoisie learnt lessons from the theory and the
social unrest which it sought to explain. The consequent development of social democratic
states with welfare systems defused the intensity of ‘class struggle’ and substituted for it
bargaining systems between owners and workers. In short, theory, ideology and religion
affect the choices that human agents make in ways that are not true of the ‘choices’ that are
made by galaxies and planets, though one might harbour some doubt about the behaviour of
subatomic particles!

Because of the wide divide between Grand Theory and specific phenomena, Merton instead
advocates theories of the middle range that are “intermediate to general theories of social
systems which are too remote from particular classes of social behaviour, organization and
change to account for what is observed and to those detailed orderly descriptions of
particulars that are not generalized at all”. (1949: 448)

It is in this middle range, between general philosophical systems that effectively treat data as
foot soldiers in defence of the citadel of theory and an undirected empiricism that is not
concerned with theory at all, that the design and research for this thesis has been located. It
uses a variety of research techniques and methods and is founded on the pragmatic belief that
the type and nature of the information that you want to collect determines the methods
through which it can be collected and analysed. Above all, it understands predictive power to
be the characteristic feature of an effective sociological theory.
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CHAPTER TWO
THE PROBLEM OF THE OUTCOMES OF MATHEMATICS EDUCATION IN SOUTH
AFRICAN PRIMARY SCHOOLS
Improvement in the quality of the outcomes of the South African education system is
regarded as an essential component of national development. Actual real expenditure on
education has continued to grow, increasing by 241% between 1994 and 2007, an annual
average increase of 9.9% (DoE, 2009). In terms of GDP South Africa’s “public education
spending ratio of 6% of GDP is high by world standards” (van der Berg, 2007: 871). Fiscal
redistribution after the transition from apartheid in 1994 has resulted in significant transfers
of resources to historically disadvantaged sectors.

Education statistics in South Africa from the DBE (2012) indicate that the national education
system performs well on some of the basic and most important macro indicators of
participation including enrolment. The DBE reports that first enrolments into Grade 1 rose
from 1,122,440 in 1997 to 1,150,190 in 2005 with a high intake rate of over 90% of children
of school-going age. Participation in secondary schooling is also over 90% although there is a
significant ‘drop-out’ of learners after Grade 9. Simkins (2013), using figures for 2010,
shows that enrolment drops by 25.1% of learners in Grades 10 and 11.

The determination of accurate population and enrolment figures in an environment like South
Africa with a high level of demographic fluidity, along with under and over reporting, is a
complex task. The DBE (2012) report itself notes that the obtained ratios it presents are likely
to be affected to an unknown degree by the enrolment of under and overage learners in both
primary and secondary phases. Gustafsson (2012) notes that there are different data from
different sources when comparing age-specific enrolment data to age-specific population
estimates. The data produced by Statistics South Africa suggests that around 14% of children
aged from 7 to 15 were not enrolled in schools while that based on various household surveys
(some conducted by Stats SA itself) suggested a much lower figure of fewer than 2% for the
same group. Gustafsson’s paper supports the conclusion that the lower figure is more likely
to be closer to the truth. In short, participation and enrolment are already very high and are
continuing to improve.
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Crouch and Vinjevold identified two waves of “massification”. The second, primarily for the
black population, started around 1980. “Massification, in terms of access, is now nearly
complete. The … government … must now turn more consciously to an improvement in
learning outcomes for the majority of the population.” (2006: 3)

A number of significant policy changes have been introduced into the general system ranging
from the establishment of equitable funding and provisioning norms for schools through the
national norms and standards for school funding policy, to the rationalizing of teacher supply
through ‘right-sizing’ and, crucially, the introduction of the new OBE curriculum in 1998,
along with its subsequent iterations. However, until the first report of the National Systemic
Evaluation (NSE) report was available (DOE, 2003) we had only one standardized indicator
for the outcomes of the education system in the matriculation, or national senior certificate,
examinations at the end of Grade 12.
The NSE has already provided invaluable data on a national scale about what has been
happening to learner performance at the lower grade levels of the system. It has become
increasingly evident that the performance of the majority of South African school learners
lags far behind the expectations of our own curriculum, and that of their international
counterparts, including those in Africa.
In particular, the persistence of near endemic underperformance in mathematics and science
has proven exceptionally difficult to ameliorate. This reality has most publicly always
manifested itself at higher grade matriculation level.3

3

The distinction between higher and standard grade (HG and SG) mathematics has been replaced by the
distinction between mathematics and mathematical literacy. Learners must opt for one of the two. It is unknown
to what degree current passes in mathematics are equivalent to a HG pass –Table 2 is, therefore, limited to the
last year the HG figures were readily available.
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Table 2: Summary of outcomes of the matriculation examinations: 1996 to 2006
Year
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
Total

Candidates: Failed
Pass with
Math
Pass HG % of math
% of all
all subjects
(%)
exemption (%) candidates
candidates candidates
518,077
44.6
15
214,720
31,545
14.7
6.1
538,189
50.8
13
252,618
31,590
12.5
5.1
552,862
50.6
13
279,702
28,849
10.3
5.2
511,474
51.1
12
281,304
27,187
9.7
5.3
489,941
42.0
14
284,017
24,877
8.8
5.1
449,371
38.3
15
263,945
19,504
7.4
4.3
443,821
31.1
17
260,989
20,528
7.9
4.6
440,267
26.7
19
258,323
28,693
11.1
6.6
467,985
29.3
18
276,094
24,143
8.7
5.2
508,363
31.7
17
303,152
26,383
8.7
5.2
528,525
33.4
16
330,513
25,217
7.6
4.8
5,448,875
39.1
15
3,005,377
288,516
9.6
5.3
Sources: Author: DOE (2009) and EMIS Reports of DOE, EduSource, CDE, CEPD,
Ministerial Statements
The matriculation class of 2006 was the first ‘post-Apartheid’ cohort of learners to have
passed through the school system since the watershed year of 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 OBE in the form of C2005 was introduced. In 2006, 19.7% of these learners wrote the
mathematics examination and 7.6% achieved a pass at Higher Grade. Only 1.5% of the Grade
1 cohort enrolled in 1995 achieved a pass at Higher Grade in mathematics twelve years later.

In a report to parliament well before 2006, Seekings (2001) remarked on the very high level
of inefficiency of the education system in using increasing levels of public expenditure to
achieve expected outcomes. He first notes that if every learner stayed in the system to
matriculation, and all passed, it would take twelve learner years to produce one pass.
However, citing Crouch and Mabogoane (1997), he shows that it took some eighteen to
twenty learner years to produce one Grade 12 candidate and some thirty six years to produce
one matriculation pass.

Here Seekings was referring to candidates irrespective of subject choice. If one considers
mathematics HG passes only, the level of internal inefficiency is obviously considerable.
Judging by the 1995-2006 cohort, we enrol 100 learners in Grade 1 to produce 1.5 learners
with HG passes twelve years later. This, of course, assumes that there have been no
improvements in learner performance for learners in succeeding Grade 1 intakes from 1995
onwards as they reached Grade 12. This is, presumably, unlikely given policy reform and
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expenditure levels, along with the ever-increasing institutionalization of the no-longer ‘new’
managerial, curriculum and methodological dispensation. All newly enrolled learners since
1998 have started their schooling within the new dispensation and have been educated up to
matriculation in terms of the new curriculum and its various iterations.

What, however, does the evidence say? It is difficult to compare the figures for mathematics
in Table 2 with subsequent years because of the abolition of Higher Grade but Simkins, in an
analysis of results from 2008 to 2012, reports an overall pass rate for all subjects of 73.9% in
2012 as against the 60.9% that passed in 2006; an apparent improvement of 13% (2012: 9).

To interrogate this apparent improvement with reference to mathematics itself, I first note
here in passing that there are multiple explanations for poor learner performance and these
explanations are discussed at length in the next chapter. In short, many of these explanations
are based on variable factors of different kinds such as structural (e.g. socioeconomic status),
social (e.g. race), school (e.g. functionality) and classroom (e.g. teacher time-on-task), that
are extrinsic to the intended curriculum and provide explanations for why the curriculum is
not implemented for all learners.
To provide some rigour to the concept of quality, and to ‘control’ for the variable factors
which tend to obscure the intrinsic educational effect (the attained curriculum) of the
intended curriculum itself, we need to look at the performance of highly functional schools to
which these variable factors do not apply, and in which well qualified teachers routinely
deliver the intended curriculum to learners each year.

To obtain data of this sort, Mouton and Schollar (2014) analyzed performance between 2008
and 2012 in the matriculation mathematics examination by learners in high-performing public
state schools in all nine provinces. This study and the implications of the data it obtained is
discussed in the next chapter. Here it is sufficient to note that these schools are representative
of the schools which produce the overwhelming majority of all matriculation passes for all
races outside of the independent school sector (van der Berg, 2007). Just under half of the
learners were black, the rest white, coloured and Indian.

The figure uses data only from the 72 schools in the control group; the learners in these
schools received only ‘routine’ instruction without the benefit of any external support
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between 2008 and 2012. It reports proportions of learners falling into different quality
categories using ‘pass marks’ of 30%, 50% and 60%.4

Figure 1: Proportion of learners in Grade 12 obtaining scores at
different levels of quality in high-performing public schools:
2008-2012: MCP
100
Learners (%)

80
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30% and over
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50% and over

20
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Year
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Source: Author using data analyzed by Mouton (2014)

It is evident that, even in the best performing schools, learner performance is not improving
but has actually worsened since 2008, especially at the higher levels of quality. Just under
one quarter of all learners at the best performing mathematics schools in the country do not
achieve even the current pass mark of 30% and less than one quarter is capable of achieving a
‘quality’ pass mark of 60%.

In terms of the performance of learners at the primary level of the system, we have already
referred to the National Systemic Evaluation. The NSE provided learner performance data
measured through instruments standardized against the Assessment Standards of the National
Curriculum Statement to track learner achievement at Grade 3 and 6 levels.5 The first cycle of
testing for 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
were used; in 2005, 34,015 learners were selected from 998 schools in all nine provinces.
Both cycles have concluded that the majority of learners are performing very poorly indeed in

4

To provide a proxy for a ‘quality’ pass comparable with the previous HG. The 60% benchmark is used by at
least two universities of which I am aware (informal).
5
We are not here referring to the recently introduced Annual National Assessments (ANA) administered by
schools themselves but to the original NSE that collected rather more reliable data through the use of random
samples and the external administration and scoring of test scripts.
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numeracy or mathematics. Measured against the assessment standards of the NCS, the
national mean score of the Grade 3 group was 30% and that of Grade 6 was 27%.

In the 2005 cycle, learner performance at Grade 6 level in mathematics was also reported
against a four point assessment scale for that grade against the NCS. The conclusion was that
an astonishing 80% of all learners were performing below the minimum expected
competence level (‘partly achieved’) for that grade (DOE, 2005).
Table 3: NSE: Grade 6 Learners at Different Achievement Levels of NCS (%)
Not achieved
Partly achieved
Achieved
Outstanding
Total

Test score range
1-39
40-49
50-69
70-100

% of learners
81
7
8
4
100

South Africa has, in addition, participated in a number of large-scale international
comparative studies that seek to benchmark academic performance across groups of
countries:


Monitoring Learner Achievement Study (MLA) (Chinapah et al, 2000)



Trends in Mathematics and Science Study (TIMSS) (Howie, 2000)



Southern and East African Consortium for Monitoring Educational Quality (SACMEQ)
(Moloi and Strauss, 2005)

All three of these studies demonstrated that South African learners are achieving performance
levels well below those of their counterparts in both Africa and the rest of the world.

The MLA study was carried out in 12 African countries in 2000 and tested samples of Grade
4 learners in mathematics, literacy (reading) and life skills; the South African sample
consisted of 10,483 learners selected from 400 schools in all nine provinces. These learners
performed poorly when compared with their counterparts in the rest of Africa, obtaining a
mean of 30% compared with the mean of 47% of the other 11 countries. Over 40% of
learners obtained a score of below 25% and almost 90% scored below 50%.
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Table 4: Score ranges of South African sample: MLA (%)
Range
0 to 24
25 to 49
50 to 74
75 to 100

Sample
43.9
45.8
8.8
1.45
100

SACMEQ monitors the quality of education in 15 African countries. To date, two
assessments in which South Africa has participated have been undertaken at the Grade 6
level. The first was in 2000 in which the South African sample consisted of 3,416 learners
selected from 169 schools in all nine provinces. The second assessment in 2007 greatly
increased the sample to 9,071 learners in 392 schools. Comparative analysis of the results in
both years showed that South Africa fared poorly against its neighbours and was ranked ninth
in mathematics in 2000 with a mean score of 486 against the overall all-country SACMEQ
mean of 500, improving marginally to eighth in 2007 with a mean score of 495 against the
overall all-country SACMEQ mean of 510.

The study also introduced a shift away from the traditional way of measuring learner
achievement in terms of mean scores, instead using the RASCH model (Andrich and
Douglas, 1982) to measure individual learners against statistically expected levels of
performance on a hierarchy of eight levels of competency from the simple to the complex.
The method allows reliable comparisons of levels of achievement against an objective scale
across different contexts, countries and schools. The equivalent South African grade levels
for the SACMEQ competency levels have been described by Moloi (2006) as:
Table 5: Comparison of SACMEQ competency levels & NCS grade levels
SACMEQ level
VIII
VII
VI
V
IV
III
II
I

SACMEQ Description
Abstract problem solving
Concrete problem solving
Mathematically skilled
Competent numeracy
Beginning numeracy
Basic numeracy
Emergent numeracy
Pre numeracy

NCS Grade level
++7
+7
7
6
5
4
3
2 and below

The report on the 2000 assessments indicated that 85% of South African learners in Grade 6
reached only the lower four levels of competency in Mathematics on the SACMEQ
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continuum and that 52% of South African learners were achieving scores at the Grade 3
competency level or lower (Moloi and Strauss, 2005). The figures obtained in 2007 showed
that thus condition persisted over the intervening seven years.

Laerners (%)

Figure 2: Grade 6: Distribution of scores by SACMEQ competency
levels: 2000 and 2007
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There was some improvement in the lower proportion of the learners who were achieving
scores at Grade 3 level or lower (SACMEQ competency levels 1 and 2) in 2007. This is
certainly encouraging but rather more significant for this analysis is that the means in both
studies cluster around competency level 2 – emergent numeracy – and that over 80% of
learners in Grade 6 obtained scores in the lower four levels of competency (i.e. were below
the minimum expected standard for that grade) in both cycles.
TIMSS allows for comparisons of South Africa’s performance against both developed and
developing countries and, unlike MLA or SACMEQ, is not limited to Africa. The country
participated in three cycles of TIMSS, in 1995, 1999 and 2003. In the 1999 study, South
African learners at Grade 8 level fared poorly against all other countries, obtaining the lowest
mean score for the 38 participating countries including Egypt, Tunisia, Botswana, Morocco
and Ghana. The pattern was repeated in the 2003 study in which 46 countries participated
(Mullis et al, 2003). In this cycle, the South African sample consisted of 9,852 learners
selected from 255 schools across all nine provinces. Not only do South African learners again
consistently obtain the lowest scores but there is no evidence of any significant improvement
in their performance after 1999 in mathematics or science.
Table 6: Grade 8: Mean scores of South African learners: TIMSS: 1999 and 2003 (Test Scale
= 800)
1999
2003

Mathematics
275
264

Science
243
244
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TIMSS, like SACMEQ, also provides information on benchmarked distributions in learner
data and the proportion of learners who did not meet the minimum expected competence
levels in mathematics for their grade levels. The figures obtained by both studies were
strikingly similar to those obtained in the NSE, lending powerful support to this finding.6

Table 7: Proportion of learners who did not achieve minimum expected standards (%)
NSE
Grade 6: 2005
81

SACMEQ
Grade 6: 2000 Grade 6: 2007
85
85

TIMSS
Grade 8: 2003
82

The most recent national performance figures from different levels of the system are
calculated through the Annual National Assessments (ANA). Unlike the externally
administered and scored NSE, the ANA instruments are administered and scored internally
by teachers. Furthermore, a number of cogent arguments have been raised with regard to the
reliability of trend measurement using ANA data collected through test instruments that are
not capable of yielding reliable comparative information from one year to the next.

The 2011 to 2012 Grade 9 mathematics figures, for example, suggested that significant
improvements had occurred across the system. However, Spaull notes that:
“a number of academics have called the … 2012 results into question, including those on the
ANA advisory committee … who refer to the improvements as ‘highly unlikely’ (and) ‘we
need to be sceptical of these results’ … the body that runs the national mathematics
Olympiads has voiced concern regarding the credibility of the … paper … ‘an absolute
disaster’ … this lack of comparability can actually do harm to the system … (the results) …
create an impression of a remarkable improvement in school performance which did not
really occur” (2013: 59).

Nonetheless, the ANA data is the only available information we have about national
performance at different levels of the system from year to year and is of immense potential
value. Irrespective of the longitudinal reliability of each instrument, the data for each year is
still of real interest. Scale alone helps to control, to some degree anyway, for random

6

The MLA did not provide information of this sort and is excluded from the comparison though it is clear that
the findings of the study do not suggest a contradictory conclusion.
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variations in teacher attitudes and behaviour during testing and scoring though we can safely
assume that the ‘error tendency’ will be to inflate the scores.7

A recent review of the ANA data by Simkins (2013) provides some detailed nuance to the
‘high-level’ finding based on the NSE, SACMEQ and TIMSS studies. About 80% of all
learners are below the minimum expected competence level for the grade in which they are
currently enrolled.

Mean score (%)

Figure 3: Mean learner mathematics score: ANA 2011 & 2012
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In both years, the mean scores of learners decline precipitously from Grade 1 onwards and by
Grade 3 the mean figures are well below what can reasonably be regarded as a conventional
or realistic ‘pass mark’ of 50%. By Grade 6 the mean has dropped below the currently
applicable pass mark of 30% and the 2012 mean for Grade 9 was just over 10%; far below an
already ‘generous’ pass mark of 30%.

This pattern of rapid decline of mean scores from one grade level to the next was also
obtained during a case study into the concept of quality in the 100 schools that participated in
the Khanyisa I intervention programme in Limpopo (Schollar, 2006). In this study, twelve
schools were selected for in-depth qualitative research: six high-performing schools and six
that were low-performing. For selection, an overall ‘mean of means’ for all 100 schools was
taken for four measures; literacy and numeracy in Grade 3, English and mathematics in
7

The ‘rule-of-thumb’ suggested by recent commissioned research is to assume that the more dysfunctional the
school/group of schools, the more likely the ANA score will be inflated.
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Grade 6. Schools with the six highest and six lowest overall means were selected. Once these
two research groups were identified, their relative performance in mathematics at the two
grade levels was investigated.
Figure 4: Comparison of mathematics performance at Grades 3 and 6 levels for the 6 highest
and 6 lowest performing schools in a population of 100 schools: Khanyisa (%)
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Virtually all of the difference between the top and bottom six schools is caused by the mean
scores at Grade 3 only. The means of the bottom six schools stay virtually static while the
means of the top six decline by 14 percentage points to the point that there is very little
difference (4 percentage points) between the top and bottom six schools at Grade 6 level,
with 88 schools between these two groups, while the difference at Grade 3 level was much
larger at 18 percentage points.

Although learner performance in literacy (mother-tongue) and Language of Learning and
Teaching (LOLT) (English) follows the same pattern of rapid decline, the means are
significantly higher than they are for numeracy or mathematics at both grade levels and for
both groups of schools. This suggests that some generic factor/s other than comprehension of
the LOLT is depressing learner scores for mathematics across the whole population of 100
schools and which results in the convergence of learner scores by Grade 6 irrespective of how
well learners performed in Grade 3.

Simkins provides a particularly depressing analysis of performance in mathematics at Grade
9 level by showing that a staggering 92% of learners obtained scores of under 30% in 2012
with only 2% obtaining a score of 50% or higher. Given an enrolment in Grade 9 of
1,096,113 in 2012, this means that only about 47,000 learners obtained a score of 30% or
higher and about 24,000 a score of 50% or higher (Simkins, 2013: 12). He concludes that the
necessary implication is that most learners do not learn all of the required content specified
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by the intended curriculum each year. “Gaps accumulate and progressively undermine
performance” (ibid.:2). Spaull is even more explicit about the educational consequences of
this rapid decline in actual competence level against curriculum expectations at primary level
on, eventually, the outcomes of the matriculation mathematics examinations: “The learning
deficits that children acquire in their primary school career grow over time to the extent that
they become insurmountable and preclude pupils from following the curriculum at higher
grades, especially in subjects that are vertically demarcated like mathematics and science”
(2013: 8).

The fact that a figure between 81% and 85% was obtained by three studies (NSE, SACMEQ
and TIMSS), using four different instruments administered to four different national samples,
in four different years and at two different grade levels, greatly increases the reliability of the
evidence for the conclusion that at least 80% of learners in primary schools are below the
minimum expected competency level for the grades in which they are enrolled.

This is a startling finding indeed and implies a virtual collapse of organized grade/standardsbased mathematical education and assessment in this country.

The implication for current public and private efforts to improve the quality of outcomes in
schools, irrespective of the theoretical or methodological approaches they employ, is
significant indeed. Consider, for example, a hypothetical ‘average’ teacher of Grade 6
mathematics who is expected to teach and assess learners against the appropriate performance
standards of the curriculum for Grade 6, with the necessary assumption that all of the learners
in the class have ‘sufficiently mastered’ the content and performance standards of the
previous grades. However, using rounded SACMEQ figures, and the South African grade
equivalents, a teacher of an ‘average’ Grade 6 mathematics class of 40 learners instead has 34
learners who have not achieved the required minimum performance standards - with 16 of
them at a Grade 3 competency level or lower. On the other end of the scale, there will be only
6 learners who have achieved a competence level at or above minimum expectations for
Grade 6 level. Yet the teacher is expected to teach and assess learners as if they had all
actually reached this level and were ready to move onto new content.

All of the recent and current curriculum development initiatives at provincial and national
levels have shared the idea that instruction, assessment and teaching/learning materials
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should be based on the assessment standards of the curriculum for each grade level. While
this is intuitively and conventionally the obvious thing to do, the evidence I have reviewed
very strongly indicates that it is based on an incorrect assumption. Learner abilities are
distributed heterogeneously across the different grade levels that are, in turn, currently agebased rather than competency-based, the horse has already bolted, at least for the currently
enrolled cohorts of learners.

The consequence from the point of view of the learner is that a child at a Grade 3 level of
subject competence may be required to learn from Grade 6 lessons and materials, and to solve
problems that are based on operational procedures, number ranges and so on, that are
required at this grade level. There appears to be an implicit but universal assumption that
learners taught at the correct level of complexity for the grade in which they are currently
enrolled will, somehow, be able to rapidly ‘catch up’ two, three or even four years of missed
content and procedural competence while simultaneously learning the more complex content
for the current grade.

Mathematics is a conceptually hierarchical subject in which the development of increasingly
complex competencies at each successive level is dependent on the cumulative mastery and
integration of its conceptual and operational frameworks; starting with the absolutely
fundamental basics of place value (the logic of the base-10 number system) and the four
operations (manipulation of basic relationships between numbers).

It appears that the great majority of South African classes on a national scale have become, in
effect, multi-grade in terms of ability and that teachers are faced with an enormous range of
learner abilities in mathematics from the virtually innumerate to the small pool of the
genuinely competent in every class they teach.

This makes it next to impossible to teach to, or assess, all of the learners at the appropriate
grade-based assessment standards of the curriculum and the likely result, in practice, is that
learners of any level of ability are not exposed in full to the conceptual progression made
explicit in the national curriculum.
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CHAPTER THREE

WHY IS LEARNER PERFORMANCE IN SOUTH AFRICA SO POOR?

A REVIEW OF THE LITERATURE
The problem of underperformance in mathematics (or, indeed, in other subjects like English8
and science) has not, of course, gone unnoticed since 1998. An early synthesis of research
findings by Taylor and Vinjevold (1999) noted factors like poor school management, a low
work ethic among many learners and teachers and the poor conceptual knowledge of teachers
of the subjects they are teaching. Along with these factors, the abolition of a prescriptive
syllabus of study, along with standard textbooks, in favour of underspecified work
programmes for teachers and the use of a wide variety of learning materials received
mention, as did a poor understanding and use of learner-centred methodologies by teachers.

Christie and Potterton (1999) suggested, inter alia, that the development of the capacity of
principals to provide school leadership was critical. Regular and extensive disruption to
schooling and the persistence of educational dysfunction in many schools has remained a
significant concern since pre-1994. Jansen (2013) examined the nature and social history of
the different forms of the culture of learning in schools and how it influences both teaching
and learning. The ethos of schooling is still very different in different sectors of the national
system producing different levels of quality of outcomes in different schools.

Taylor, Muller and Vinjevold (2003) extended their early work to focus more explicitly on
the uneasy relationship between the forms of knowledge and the conditions under which they
are acquired in the new curriculum. They provided an extensive meta-review of a number of
programme evaluation studies that clearly supported the conclusion that learners were
gaining little from the introduction of the new curriculum. Fleisch (2008) provides an
extensive review of existing research on learner performance and casts his net of
explanation/causation even wider to include a range of social and economic factors (health,
nutrition and widespread disease, poverty, child labour, change in family structures and home
8

As long as English is used as the Language of Learning and Teaching in the huge majority of South African
schools and universities, the ability to comprehend, speak, read and write this language is obviously a powerful
influence on the learning of any subject; a necessary, if not sufficient, condition for the development of
competence in any subject.
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support, expenditure and resources) as well as school-based ones such as the language of
learning and teaching, textbooks and the pacing, coverage and sequencing of the curriculum,
teaching methods and the grasp by teachers of subject content.

In one way or the other, all of the causative explanations for poor learner performance, singly
or in combination, suggested in these meta-reviews are intuitively plausible per se. Hungry or
sick learners are unlikely to perform well. The culture of learning in schools is manifestly a
significant factor in planning and sustaining systematic instructional programmes. A poor
work ethic on the part of teachers will clearly negatively influence learner performance.
Socio-economic status is clearly related to performance to some degree. Poor teacher content
knowledge cannot but be a barrier to effective instruction. A chaotic management system is
unlikely to maximize time-on-task. Incomplete curriculum coverage inevitably has an effect
when learners are tested on instruments that assume they have covered the whole curriculum.
And so on. The multiplicity of explanations, and the fact that many are ‘sub-sets’ of others,
while some refer to the macro systemic level, some to the meso community/school level and
others to the micro classroom level, makes it next to impossible to design or ‘discover’ a
causal model encompassing all of them. The table that follows lists some of these variables
against an admittedly subjective set of four (very) broad categories.
Table 8: Categorization of different explanations for poor performance
SYSTEMIC

CONTEXT

RESOURCING

OPERATIONAL

Curriculum Policy
Assessment Policy
Institutional capacity of departments of education
Poverty/SES
Race
Poor nutrition
Parental education
Poor home/community support
Language - understanding of the medium of instruction
History/Politicisation of education
Availability of sufficient managerial capacity at district/circuit
levels and in schools
Availability of sufficiently skilled teachers
Availability of appropriate LTSM for each learner
Availability of basic school facilities and teaching aids
Poor school management
Poor curriculum management; pacing, coverage and level
Lost instructional time; enormous problem; lots of causes
Poor institutional monitoring; schools/teachers unsupervised
Teacher disengagement/militancy
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A more useful way of thinking about the different type and nature of the host of variables that
affect learner performance in mathematics is suggested by Howie (2003) who uses an inputprocess-output framework derived from Systems Theory to depict a dynamic system like
education in a way that allows for linkages and interfaces between components of the system
to be ascertained and evaluated (2003: 230-231).
I have made extensive changes to Howie’s model to fit the argument of this thesis but the
analysis and ‘linkages’ it sketched provided a very useful way of organizing a ‘conceptual
map’ of the network of these variables and intended systemic outcomes. In the rather messy
real world, everything affects everything else, e.g. an inadequate supply of text books makes
it difficult for teachers, especially lesser-skilled teachers, to consistently provide an organized
course of instruction that covers the whole curriculum and presents content knowledge at the
correct level in terms of NCS grade competencies.
Consequently, for clarity’s sake, the figure that follows dispenses with a multitude of
interconnecting arrows/linkages that are assumed to be there although we do not yet know
their relative statistical values. In this respect, Howie, using TIMSS-R data, carries out an
analysis over several steps to result in the development of a model of the relative obtained
influences on learner performance, and of their interrelationships, of a set of school-level
variables, a topic to which I shall return after the discussion of the figure below.
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Figure 5: From Strategy to Impact: System description of different types of independent variables that affect performance and their intended
outcomes in terms of curriculum: After Howie (2003)
STRATEGY

INPUTS

PROCESSES

National &
Provincial
Departments

School
management &
Time on task

Physical &
economic
including
learning
materials

Classroom
practices;
learning theory,
materials &
methods

OUTPUT

IMPACT

Participation

Education
Policy

Intended
Curriculum
for Learners
Human
resources
Type, quantity
& quality

MetaVariable
School
Quality

Implemented
Curriculum for
Learners

Equity

Meta-Variable
Instructional
Quality

Attained
Curriculum
for Learners

Learner
Performance

Teacher quality
& Opportunity to
learn

Aspirations

Curriculum
coverage

Attitudes

Characteristics of schools and of learners influencing the relative effects of input and process variables as well as outputs and impacts;
history, SES, race & demographics, health & nutrition, parental education, attitudes, languages, safety & security

34

This analysis assumes that the purpose of a school as a social organization is to provide an
organized course of instruction in the whole of the national curriculum to all learners each
year. This is the ‘core business’ of a school. All other managerial or operational processes,
from establishing a provincial department of education to ordering paper clips to monitoring
to classroom activity, is intended ultimately to support the efficient achievement of this
purpose.

Accordingly, the diagram places learners and this social purpose at the centre of analysis
between Strategy (National Education Policy) and Impact (Learner Performance) and
arranges the clusters of types of independent variables affecting performance around the
curriculum that policy makers intended should be delivered to learners and that which is
actually implemented for learners. The output of the school system itself is the curriculum
eventually attained by learners which, in turn results in the impacts achieved by schooling on
learners in terms of performance, participation and equity.
Each ‘box’ reflects clusters of different types of interlinked independent variables that must
be operationalized through indicators at different levels of generality that are capable of
yielding reliable quantitative data with strong concept-indicator links (Dubin, 1969). For
example, time-on-task, itself a variable influencing curriculum coverage, is an aspect of
school management which is dependent on optimal planning of the school year and the
weekly timetable, effective monitoring of compliance, restriction of disruptions, management
of absenteeism, productive teacher activity during lessons, and so on. The concept of
curriculum coverage can be further operationalized using an analysis of learner workbooks
against empirical indicators for pacing, quantity and quality of work completed, topics
covered, relation of content to grade assessment standards, and so on.
There are, in addition, two main clusters of ‘higher order’ explanatory variables organized
around the qualitative and generic concepts of School Quality and of Instructional Quality.
Both are seen as resulting from a combination of the input and process variables and both
influence the effects of specific ‘lower-order’ and contextual variables on what happens in
classrooms.

Finally, the system operates within a social context in which different characteristics of
schools and learners; such as SES of both school and learner, home language and the medium
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of instruction, level of parental education, demographic change, health and nutrition, and
safety and security, all influence the effects of input and process variables to one degree or
another on the implemented and attained curriculum, and therefore on performance, for
different sectors, schools and learners.

This represents an enormously complicated social system and there is currently no Unified
Grand Theory (Merton, 1949; Dubin, 1969) that can relate, explain and measure the relative
statistical significance of all of these variables, and combinations of variables, to the
acquisition of mathematical knowledge by young children. To design and operate an
experimental treatment programme that encompassed all of these independent variables in
one model that could be reliably tested would require a huge and complex coordination of
theoretical research, programme development, management training, attitudinal change,
teacher education, departmental improvement, nutritional provisioning, health care, and so
on.

We are, therefore, necessarily forced to be selective in designing research programmes and
theoretical models that seek to establish significant empirical linkages between causation and
learner performance.

In terms of empirical work toward the development of more general theories, there is an
increasing number of high-quality studies working within the econometric production
function school (Hanushek, 1986; van der Berg, 2007; Gustafsson and Mabogoane, 2010)
that make use of sophisticated statistical analysis to build the empirical scaffolding for the
incremental development of theories and models. This approach seeks to measure the
relationship between educational inputs, operationalized through a variety of independent
variables, singly or in combination, and outputs, most significantly in terms of learner
performance, after controlling for other explanatory contextual factors such as socioeconomic status.

The ultimate objective of production function modelling is to define or discover a model
which explains a sufficient degree of variance in learner performance to make possible a
significant increase in the efficiency of the systemic relationship between inputs and outputs.
Such a model would necessarily be capable of providing reliable predictive power (external
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validity) under specified conditions to intervention programmes that are based on future
operational iterations of the ‘discovered’ change model.

This is a relatively new development in educational research in South Africa where
quantitative, experimental and econometric work has come late to the field and qualitative
non-experimental work largely dominated research before and after the turn of the century
(Seekings, 2001; Muller, 2001).

Much of the early research work was necessarily concerned with structural and contextual
input variables when seeking causal explanations for performance on large (national) scales.
Crouch and Vinjevold, for example, noted that many other countries besides South Africa
have experienced large increases in access to schooling in pursuit of equity. In general,
significant increases in enrolment inevitably give rise to the question of the quality of the
education received by children, either because school systems include learners from sectors
that were previously excluded and have little current experience of schooling, or because
scarce national resources are distributed thinly across a rapidly growing school population.
They conclude that the evidence suggests that most countries actually deal with the trade-off
between access/equity and quality of cognitive outcomes reasonably successfully. In South
Africa, on the other hand, there is a large imbalance between access and quality of outcomes
though it is clear that the low performance levels of the country are not explainable in terms
of an unduly fast expansion of schooling (2006: 6).

Van der Berg (2007) has shown that relatively high levels of expenditure, both in absolute per
capita terms and in terms of the proportion of the GDP allocated to education, or even the
provision of relatively well trained teachers, do not have simple linear relationships with
performance. The effect of input resources is seen by van der Berg and Seekings (2001) as
being conditional on the efficiency of the conversion of input resources into educational
outcomes.

Spaull also finds that the effect of SES on performance is nonlinear and is only significantly
positively related to learner performance at the higher levels of SES, concluding that a
number of complex factors influence the relationship between SES and performance. “Severe
inequalities of educational outcomes in South Africa are strongly correlated with SES, school
location, language and province. In each case the difference between the top and bottom
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categories is at least two grade-levels worth of learning and sometimes is as large as four
grade-levels” (2013: 8).

However, findings show that mathematics performance in South Africa is well below other
countries, including those in Africa, with much less wealth and lower per capita expenditure,
“… indicating that our poor performance cannot only be attributed to our levels of poverty …
(furthermore) … comparisons across countries indicated that even when resources (e.g. high
parental education and number of books) are in place, the South African average TIMSS
mathematics and science scores were lower than other countries” (2013:4).

Gustafsson and Mabogoane, in their wide ranging review of the economics of education
literature, refer to a growing realisation that improving learner performance is a rather more
serious and elusive problem than is generally assumed and argue that this justifies more and
better production function studies. Their review showed that in South Africa, as in a number
of other countries “relatively high public spending and even well qualified teachers can easily
co-exist with very poor education outcomes” (2010: 10). In fact, in South Africa, measures of
poverty, resource provision, race, class sizes and teacher supply still left some 30% of the
variation in the performance of South African schools unexplained.

It is evident that explanations based on socio-economic resources not only leave unexplained
some of the variance between SA schools but they fail to explain why SA schools perform
poorly compared to schools in poorer countries. Van der Berg (2007) reported that a
significant portion of the difference in performance between ‘black’ and ‘white’ schools
could not be explained through school fees, educational resources and province (variables
which were highly correlated with race). He assumed that this residual in the explanation of
variance was due to managerial factors (2007: 866).

In terms of reducing existing residuals in explaining learner performance, Gustafsson and
Mabogoane (2010) noted that some early production function research (including Crouch and
Mabogoane, 1998) argued there was a need to develop more reliable and usable variables on
school and curriculum management, and on teacher quality, “before we could explain the
residual, or unexplained, part of South African production functions” (2010: 14).
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They also caution that the ideal data set for production function analysis consists of two
measurement points over time to allow for “a value-added approach” (ibid.: 9). This is an
important observation. Analyses based on one measurement point for learner performance are
able only to identify variables that have significant relationships with the obtained
performance measure at a single static point.

Analyses of these kinds are not considered to be experimental in classical empirical
educational research and, in programme evaluation research, are regarded as incapable of
providing either measurement of, or causative explanations for, change in the dependent
variable as a treatment effect. (Shadish, Cook and Campbell, 2002; Phye, Robinson and
Levin, 2005; Baker, 2000). For one thing, there is no counterfactual. As importantly, a ‘static’
one point analysis, however sophisticated it may be, can tell us what combination of
independent variables accounts for a significant degree of variation in learner performance
within the population but is necessarily silent on what variable, or combination of variables,
accounts for changes across that population over time.
It is very likely that this variable, or combination of variables, will account for the ‘residuals’
in current production function research. This suggests that it would be very fruitful to
combine production function research with experimental research in studies using multiple
measurement points, at least two, and, ideally, with a second post-test well after treatment
end.
In terms of identifying these ‘missing’ variables, Simkins (2013) after a review of the
literature suggests that teacher absenteeism and the slow pace of classes, when they are in
fact actually provided, are strongly related to poor performance. Taylor, S., in an analysis of
data collected from a sample of 268 schools in all provinces of South Africa by the National
School Effectiveness Study (Taylor, N., 2011), found that learners whose teachers obtained
high scores for content knowledge and provided more teaching/instructional time than other
teachers, not only recorded scores that were significantly better than other learners but also
recorded the largest gains from one year to the next. He remarks that “this is an exciting
finding as it suggests that it is only when teacher knowledge is combined with time on task
that substantial student learning can be expected to occur.” (2011: 27).
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A review of the literature about the variety of factors that affects performance in mathematics
lead Howie to distinguish between school-level and teacher-level level variables and to the
conclusion that “Seemingly, instructional factors at classroom level are more important than
factors at school level” (2003: 229). Nonetheless, school-level variables do exhibit
associations with performance which need to be understood. Using data from the TIMSS-R
study, her analysis showed that variables such as resources within the school and class size in
general were not significant influences on performance despite the continuing debate around
these issues.
“The few variables on school-level that could be identified as having a direct effect on
mathematics achievement, namely, community, first language and unions … are
largely factors beyond the control of the school … and therefore education planners
and policy makers are not able to manipulate these variables … (nonetheless) … the
few that were found explained 41% of the variance in the South African pupils’
scores, which is significant.” (2003: 238)

We began this discussion with the comment that in the rather messy real world, everything
affects everything else and it is evident from the literature that we have reviewed here that it
remains an enormously complicated task to construct a model that consists of both physical
inputs and qualitative variables at school, teacher and learner levels. Some recent work has
taken up this task with encouraging results in terms of research designs and statistical
analyses that can sustain the construction of more sophisticated explanatory models that
reduce the ‘residuals’.

Carnoy, Chisholm and Chilisa (2012) provide both an extension to the comparative research
conducted though large scale multi-country studies like SACMEQ and TIMSS, and a
significant extension to the production function research carried out since the early work of
Crouch and Mabogoane (1998). This study is especially noteworthy in its use of two
measurement points (Gustafsson and Mabogoane, 2010); two study groups (Shadish, Cook
and Campbell, 2002); and the inclusion of operationalized independent variables around the
qualitative concepts of teacher and instructional quality (Howie, 2003; Graven, 2014).
Perhaps most importantly, the use of two measurement points allows for the measurement of
the effect of independent variables on gains in performance over time.
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Carnoy and his associates set out to understand why learners in primary schools in one
African country perform better than in another and, in so doing, to identify the independent
variables that have a significant relationship with improvements in learner performance. To
examine these questions, use was made of a ‘natural’ experiment in which groups of 60
schools in culturally homogenous adjacent areas of Botswana and the North West Province
(NW) of South Africa were compared.

Despite some significant historical and political differences between these two countries, both
spend roughly comparable amounts on education per learner as other countries with a
comparable GDP per capita. Both apply a version of an OBE curriculum with an expressed
preference for learner-centred teaching methodologies, although the Botswana school system
is characterized by a longer, more incremental period of development with higher levels of
curriculum specification, teacher supervision and assessment, and lower levels of teacher
militancy. International comparative testing through TIMSS and SACMEQ at Grades 8 and 6
indicates that learners in Botswana perform significantly better than do learners in South
Africa but that both countries have achievement levels well below other African counties and,
furthermore; “The test results from a decade ago and from the most recent SACMEQ III
show little change in either Botswana or South Africa’s schools” (2012: 2).

In other words, Botswana is doing better than South Africa but both countries are doing
relatively worse than other African countries with a much lower GDP and education spending
per capita. Most importantly, despite these differences, neither has shown any sign of
significant improvement over a long period during which considerable national resources
have been devoted to their education systems, and during which considerable efforts have
been directed by state, international and other development agencies to the improvement of
learner performance.

The Carnoy et al (2012) study pre- and post-tested learners in Grade 6 over one year and their
performance under ‘routine’ conditions of schooling was compared against a wide range of
independent variables. No external intervention treatment was applied. They describe their
most important results as those related to explaining the gain (value added) in achievement
by learners in Botswana over the (seven) months between pre- and post-testing.
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Table 9: Gain scores in Botswana & NW: Carnoy et al.
Mean
NW
pre
post
gain
Botswana
pre
post
gain
Relative gain of Botswana

Std. deviation

28.6
31.6
+3

12.2
12.4

34.6
38.6
+4
+1

12.4
14

The higher gain of 1% in the Botswana scores is objectively small but is shown to be
statistically significant.

Leaving gain aside for the moment, what is most striking about the absolute mean scores is
that these are all learners in Grade 6 who were tested on a largely Grade 5 instrument (p46).
In an conventional (or, perhaps, ideal) educational world, all of the learners in Grade 6 at pretest should have reached the minimum expected competency level for entry into this grade;
i.e. should have ‘passed’ Grade 5, yet the mean scores for the post-tests at the end of Grade 6
were still well below what can be considered a conventional pass mark of 50% for Grade 5.

In other words, and as we would expect of South African schools from the data reviewed in
the previous chapter, teachers in NW and Botswana were faced with classes at the beginning
of Grade 6 in which very few learners had actually reached the minimum competence level
for that grade. In fact, this situation has barely altered by the end of Grade 6 even though the
instrument was based on Grade 5 competencies.

This conclusion is supported by SACMEQ (2007) data when the distribution of learners in
both countries across the eight SACMEQ competency levels is compared.
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Figure 6: Distribution of learners by SACMEQ competency
levels (2007)
40

Learners (%)

35
30
25
20

South Africa

15

Botswana

10
5
0
I

II

III

IV
V
VI
Competency level

VII

VIII

The better performance of Botswana is evident but equally evident is the fact that over 80%
of learners are well below the minimum expected competency level for Grade 6. Scores in
South Africa cluster around Level II (emergent numeracy), the equivalent of the NCS Grade
3, while the Botswana scores cluster around Level III (basic numeracy), or Grade 4 against
the NCS.

In terms of the better performance of Botswana that Carnoy et al. set out to explain, analysis
of the data determined that gain in learner test scores was directly related to three elements of
what they termed teaching quality:


Knowledge of teachers of the mathematics that they were teaching



Quality of their teaching including the level at which they teach in relation to the
competency requirements of the curriculum for Grade 6



Coverage of the curriculum on which test instruments were based.

The relationship between teacher content knowledge, the quality of learning activities
presented by teachers and learner performance has long received attention in South Africa.
Taylor & Vinjevold concluded that: “The most definite point of convergence across the
[President’s Education Initiative] studies is the conclusion that teachers’ poor 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”
(1997: 230).
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Writing fourteen years later, Spaull commented that teachers without an adequate conceptual
understanding of the content of the subject are more likely to use teaching methodologies and
methods that do not support the acquisition of skills by learners (2013: 29). He goes on to
point out that not only are South African mathematics teachers on the lower end of the
distribution of test scores of obtained by SACMEQ III (2007) but the variance in teacher
scores is very high: “the least knowledgeable teachers know marginally more than the
average learner in South Africa” (ibid: 30).

Table 10: Comparison of mean scores and rankings: learners and teachers: SACMEQ (2007)

Mauritius
Kenya
Tanzania
Seychelles
Swaziland
Botswana
Zimbabwe
South Africa
Mozambique
Uganda
Lesotho
Namibia
Malawi
Zambia

Learners
Score Rank
623
1
557
2
553
3
551
4
541
5
521
6
520
7
495
8
484
9
482
10
477
11
471
12
447
13
435
14

Teachers
Score Rank
906
1
826
4
824
5
811
6
780
7
852
2
764
9
745
11
833
3
739
13
771
8
762
10
740
12

The relationship between the learner/teacher rankings is obvious at the ‘top-end’ of the table;
all of the countries in which learners performed better than South Africa also obtained higher
scores for teacher content knowledge. The relationship is a little less consistent lower in the
table where two of the six countries which obtained lower learner scores than South Africa
obtained higher teacher scores. Real ‘outliers’ are Uganda, ranked tenth for learner score but
third for teacher score, and Zimbabwe, ranked seventh for learner score and second for
teacher score.

Clearly there is a significant relationship, and a relationship that is intuitively true (one
cannot teach what one does not know), but it does not explain everything about variation in
learner performance. Carnoy et al. measured the quality of instruction, the second and third
elements of what they termed teaching quality, through indicators based on the concept of
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Opportunity to Learn (OTL: Reeves, 2005) defined largely by this study in terms of time-ontask, lessons presented and topics covered, and encapsulated in the broad concept of
curriculum coverage:
“Teacher characteristics associated with better mathematics teaching are, not
surprisingly, correlated with each other … It is, therefore, possible that more
knowledgeable teachers are more likely to provide students with more OTL … when
teachers have more mathematics knowledge they are more likely to teach more
effectively and teach more often, and both more effective teaching and more OTL
contribute to greater student learning” (2012: 145).

Consequently, they conclude that the reasons for the differences in achievement in Botswana
and South African classrooms:
“… are rooted in a combination of differences in the quality of teacher inputs –
teachers’ mathematical knowledge and the quality of classroom teaching – and the
amount of coverage of the required curriculum … these ‘little things’ apparently add
up to produce the greater achievement gains in Botswana classrooms. Over the years,
these greater achievement gains accumulate, so that the culturally and socioeconomically similar students in North West schools find themselves one-half a
standard deviation behind Botswana students by the end of Grade 6 … This is not
rocket science, and much of it is obvious to a careful observer of classrooms in the
two regions.” (2012: 157)

These are significant findings. The differences in the independent variables very clearly
explain the better performance of learners in Botswana, and between high and low-score
schools within each country. It confirms that structural, cultural and socio-economic factors
are not wholly deterministic and that the quality of what goes on in classrooms, how and
what teachers teach, is central to explaining differences in performance, and specifies these
qualitative variables in operationalized terms.

Nonetheless, it seems to me that these findings do not necessarily explain why both countries
are lagging behind other African countries. And nor does it necessarily explain why neither
of them have improved against their own performance over a long period. Of these questions,
the second question appears to be the more intractable. It is possible that a replication study
including all SACMEQ countries would find that the ‘discovered’ model reliably predicts
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relative absolute performance across all of them, but it is already self-evident that many other
countries are obtaining gains in learner performance: why not Botswana and South Africa?
Unless, of course, the teaching quality is so bad in both countries that there is little hope of
ever achieving significant improvements in learner performance without virtually reengineering the system yet again.

The conclusions of the Carnoy et al. study are, as the authors themselves say, obvious to any
serious observer of South African education: teachers who do not know their subjects and
who do not provide sufficient coverage of the curriculum are very unlikely indeed to produce
significant improvements in learner performance.

For any curriculum, and the theory of learning upon which it is based, to have intended
effects, it must first be presented in full to learners by teachers who are capable of doing so
but that does not necessarily imply that any curriculum or any theory of learning is capable of
achieving positive effect. Essentially, this argument views the model described by Carnoy et
al. as a necessary but not necessarily sufficient set of conditions for significant improvement
of learner performance.

That other explanations for poor performance in mathematics beyond current production
function models exist is clearly illustrated by the evaluation study of the Mathematics
Challenge Programme (MCP) (Mouton and Schollar, 2014).

The MCP, initiated in 2008, is close to unique in South Africa because of two fundamental
strategic choices. The programme design acknowledged that there is increasing qualitative
and anecdotal evidence that state schools with historically good to excellent outcomes in
matriculation mathematics are losing the struggle to maintain the quantity and quality of their
outcomes in this subject. These schools currently produce the overwhelming bulk of quality
outcomes for all races but their throughput rate, especially at the higher levels of quality,
appears to be declining.

Consequently, the first strategic choice was to target the programme at the highest performing
state schools; a list of such schools based on data provided by the DBE was compiled and

46

schools included on the list were invited to apply for support from the MCP.9 The list was not
based only on absolute scores obtained by learners but also placed an emphasis on black
schools from either former-homeland departments of education or the pre-1994 Department
of Education and Training (DET) that had, despite significant odds, managed to perform well
above average in terms of both quantity and quality of matriculation passes in mathematics.
These schools have demonstrated an ability to process input resources more efficiently than
many other schools, despite sharing historical differences with them and, therefore, it was
assumed that investments in these schools could be expected to further improve the quality of
their outputs.

The eventual invitation list of 159 schools for the initial year (2008) was composed of four
broad categories of schools:


Top-performing black schools based on scores alone (45 schools)



Black schools that increased participation (22 schools)



Schools catering historically to white learners that were demonstrably transforming in
racial terms. This included some of the best known and highest performing of the exModel C schools (38 schools)



Schools catering historically to Indian and coloured learners (54 schools).

In terms of a performance baseline for inclusion, all the schools invited had in previous years
produced twenty or more Indian, coloured and black African higher grade maths candidates
and were schools in which either two-thirds of these learners passed maths at higher grade, or
had twenty or more learners with higher grade maths passes.

The second strategic choice of the MCP, also close to unique, was to dispense altogether with
the conventional concept of a single intervention programme to be applied in all of the
participating schools, in favour of an approach based on the concept of ‘voluntarism’ that
allowed for a multiplicity of ‘treatments’, each defined internally, by different schools. It was
assumed that high-performing schools would also be highly functional in terms of school and
curriculum management, and that they had sufficient organisational capacity to both identify
significant barriers to improved learner performance and to themselves manage the
implementation of a ‘treatment’ for these barriers.
9

The only other comparable national initiative of this kind of which I am aware is the Dinaledi programme of
the DBE http://www.education.gov.za/Programmes/DinalediSchools/tabid/854/Default.aspx
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The study made use of a control group drawn from schools with comparable performance
levels and demographic profiles who had applied in 2008 and that had either declined to
participate or whose development proposals were not accepted by the MCP. A total of 136
schools were included with 64 in the project group (the whole population) and 72 in the
control group.10

Analysis of the performance of learners at these schools in the matriculation examinations
was based on a number of measures but the most relevant were the proportions of all learners
who wrote the examinations and obtained scores of (a) 50% and above and (b) 60% and
above. Using these benchmarks, rather than the current ‘pass mark’ of 30%, included the
value added concept of quality of performance to the analysis.

Figure 7: Trend in proportions of learners obtaining 50% and 60%
for matriculation examinations: MCP
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Source: Author; adaptation of analyses produced by Mouton

The data very clearly confirmed the perception of the programme designers: learner
performance, particularly at (relatively) higher levels of quality is indeed declining even in
those state schools that have historically produced the best mathematics results in South
Africa. And continues to decline even when these schools are receiving external support - the

10

Schools in the two groups were initially matched in terms of prior performance, class sizes and participation
rates of black learners but analysis of their performance demonstrated that matching did not provide any
significant differences when compared with using all 72 of the available control schools, along with the 64
projects.
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MCP clearly slowed the rate of decline in the project group but, nonetheless, their scores
continued to decline; with no support, the decline in the control schools is largely unchecked.

The study very clearly confirmed that the schools in both groups are atypical of the great
majority of state schools in that they are highly functional schools with much more effective
school and curriculum management systems, higher levels of teacher professionalism, better
trained and experienced teachers, provide many more weeks of instruction over a year,
provide learners with vastly more opportunities-to-learn, 11 cover more of the curriculum and
enjoy much higher levels of materials provisioning, than the great majority of state schools.

Most, if not all, of the increasingly common explanations for poor outcomes in mathematics
education in South Africa simply do not apply to these schools. These explanations very
clearly do explain why learners in these schools perform very much better than learners in the
rest of the South African school system, just as they explain why Botswana performs better
than South Africa in the Carnoy et al. study, but they do not explain why performance in
these schools is, nevertheless, declining. In fact, the opposite should be true if the by-now
conventional

reasons

provided

a

comprehensive

and

sufficient

explanation

for

underperformance over time. Clearly, they do not do so.

We know that that race and SES are both very closely correlated with performance (van der
Berg, 2007) and the MCP study paid some attention to this issue. Over the period 2008 to
2012 there was an increase in absolute learner numbers in Grade 12 in these schools from
11,437 in 2008 to 12,518 in 2012. Of these learners 9,429 (82%) wrote the mathematics
examination in 2008 while 10,506 (84%) did so in 2012. Almost half of all of the learners
who wrote the matriculation examinations in mathematics in 2012 in these schools were
black while the proportion of Indian and white learners fell by 3% and 2% respectively.

11

Learner workbooks in these schools have a much higher number of pages completed than in the usual state
school. In fact, they have generally completed all pages in several workbooks. This difference, and the much
higher number of weeks of instruction provided to learners, are probably the most obvious differences between
high and low-performing schools in South Africa. The two factors are obviously related; the more weeks of
instruction provided, the more opportunity to complete class work.
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Figure 8: Trend in mean score by race and by year: MCP
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The initial ‘rank-ordering’ of variance in scores by race does not change significantly
between 2008 and 2012, except perhaps in the slightly wider gap between the scores of black
and coloured learners and the convergence of Indian and white scores. Nevertheless, by 2012,
the performance of all four race groups declined against their own baselines: blacks by 7.5%,
coloureds by 2.8%, Indians by 6.7% and whites by 8.2%. It is likely that the prior SES of
each race group largely determined their original differences in 2008 but neither SES nor race
can explain the uniform downward trend of all of them after that.

The inescapable conclusion is that some other variables other than those currently included in
production function models, even those included in more sophisticated models like that
developed by Carnoy et al. (2012), are operating on a national scale to depress the
performance of learners across the whole South African state school system from the lowest
performing to the highest performing schools and sectors. The highest performing schools
enjoy a high SES and are also the most functional and provide the highest OTL, and that is
why they are relatively higher performing than the rest of the system, but these other
variables affect them as well and their own performance is declining.
Graven makes an interesting, and pertinent, observation: “In many studies the voices of
teachers, parents and students are largely absent” (2014: 10). Teachers, in particular, are far
more often the subject of study than they are consulted about their own views on the reasons
for the poor performance of their learners. It is true that it is difficult to get good quality data
from teachers but they, after all, are the practitioners who have to make the prescriptions of
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policy makers, curriculum designers and educational researchers work in real-world
classrooms.

Since teachers in the MCP (project group) represent the state schools that are producing the
bulk of mathematics passes for all races outside of the independent sector, and since the
performance of their learners is, nonetheless, declining, it is prima facie reasonable to solicit
their reflections on what made mathematics teaching problematic in these schools. Table 11
and Figure 9 below report the results of this exercise.

These teachers were asked to nominate the most significant barriers to achieving higher
quality matriculation passes for higher numbers of learners. We then looked for relationships
between the actual performance scores obtained by the learners of teachers who reported
different degrees of significance for each barrier as a triangulation of qualitative self-reported
data against quantitative test data. Correspondence between these two sets of data would
provide reasonable grounds for taking the opinions of teachers seriously.

To obtain measures of relative significance for a variety of responses by teachers, each
response (variable) was scored by teachers on a scale where 0 = not a problem at this school,
to 5 = a very significant problem at this school. The value column in Table 11 was calculated
by adding all significance ratings from 0 to 5 and deriving a percentage against the total
possible that could be obtained for each barrier (variable). A total of 100 teachers were
interviewed and five was the highest rating so the maximum possible score was 500.

The second column in Table 11 reflects the percentage of teachers who nominated the barrier
as significant using ratings of 4 or 5 as the basis; i.e. 62% = 62% of teachers rated this barrier
as 4 or 5.
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Table 11: Teacher-reported barriers to achieving both quantity and quality passes in Grade 12
mathematics: overall value and the proportion of teachers reporting significant problems
(MCP)
Barrier
Prior education of learners:
existing backlog in mathematical content
Poor parental support
Assessment Policy: one failure/phase that results in multigrade classes
Sourcing or retaining good mathematics teachers
Understanding of the LOLT
Curriculum change: introduction of OBE, methodology,
inadequate text books
Learners opt out of mathematics in favour of mathematical
literacy:
Significant changes in demography of school - race or class
Withdrawal of high performing learners depresses school
performance

Value
(%)

Significant barrier
(% of teachers)

73
49

62
30

47
49
44

35
29
22

42

22

41
34

15
18

25

11

Source: Author

The prior education of learners, defined as an existing backlog in mathematical content for
Grade 12, obtained an overall reported value of 73% and was nominated by 62 of the 100
teachers as by far the most significant barrier to improving learner performance. In fact, the
issues of missing content knowledge and assessment are obviously closely related and the
one (missing content) is an artefact of the other (assessment) in practice.

On the other hand, these schools reportedly do not have significant problems caused by the
withdrawal of high performing learners to attend independent schools. And nor do they
experience significant problems due to demographic changes despite the fact that the
formerly-white, coloured and Indian schools have all experienced rapid demographic change;
presumably an artefact of the higher SES status of black parents who have sent their children
to these schools.

Curriculum change, defined as the introduction of OBE, changed classroom methodology and
inadequate text books, was ranked (relatively) lowly, sixth in terms of overall value (42%),
with 22% of teachers reporting it as a significant problem. However, there is a context to this
response: the introduction of CAPS. The teachers generally reported that competency
demands and pacing of presentation in terms of conceptual and procedural content knowledge
in CAPS were both much higher than in previous iterations of the curriculum and that this
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represented a ‘withdrawal’ from OBE. On the other hand, poor prior content knowledge,
necessarily accompanied by promotion of learners to Grade 12 who had not grasped preGrade 12 content, made it very difficult to teach all of this content at the required pace while,
at the same time, paying attention to learners who were well below the minimum
expectations of learners at this level.

The second (triangulation) part of the analysis consists of a comparison of the actual mean
scores obtained by learners against the significance of the barrier reported by their teachers.
Two categories were used to select the learner scores for analysis: learners of teachers who
reported significance ratings of 4 or 5 (significant) and 0 or 1 (not significant). If teachers
considered a barrier to be significant, and it was, in fact, significant, one would expect the
mean score of learners of those teachers to be lower than those of learners taught by teachers
who did not consider it to be significant.

Figure 9: Association between reported significance of barriers to performance
and the actual scores obtained by learners in 64 high performing schools in
2012: MCP
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Source: Author; adaptation of analyses produced by Mouton

Although the differences are not always large, there is a clear and consistent pattern. In every
case except one (withdrawal) where a particular challenge or barrier was reported as
presenting a significant problem, the mathematics score is lower than where it was reported
as not significant.
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These obtained correspondences do not have the ‘hard’ epistemic value of inferential
statistics but, at the very least, they do suggest that the experiences and perceptions of
teachers about the challenges that their school faces ‘translate’ in some way into learner
performance. This suggests that it is unreasonable simply to dismiss these self-reported
responses as merely subjective, they are observably consistent with ‘hard’ quantitative data.

We have already established a number of times, and from a number of sources, that the actual
competency level of South African learners is generally several grade levels below the
minimum level expected for the grades in which they are currently enrolled. Carnoy et al. do
not deal with this issue directly but rather discuss the issue of assessment in passing in the
context of teacher knowledge and then only with reference to teachers asking learners to
work at a number of grade levels lower that that required by the Grade 6 curriculum during
lesson observations.
“This does not necessarily suggest that teachers in the North West do not know Grade
6 mathematics. Rather, this only means that they did not demonstrate this knowledge
during the lessons. Teachers showed more knowledge of topics that align with Grade
5 level, and in some cases even lower than Grade 5. The reason for this could be that
North West teachers felt that learners are not ready to learn Grade 6 topics and that
they needed to revisit topics from previous years before they present new material …
However, a skilful teacher with knowledge about how concepts develop and how the
learners acquire them can focus on the new content while reinforcing previous
knowledge.” (2012: 111)

Given what we know about the range in learner performance levels, it would be astonishing if
teachers were not struggling with this issue. Essentially, learners are generally so poorly
taught that the huge majority never achieve the competency standards of the NCS but since
we cannot sensibly (or economically) ‘fail’ around 80% of the school population each year,
virtually automatic progression is, effectively, our national assessment policy. The result is
that grade level currently refers to age cohort, rather than to competency level, and teachers
are faced with an enormous range of learner abilities in each class that they teach. These have
virtually all become multi-grade classes.

To conclude, as Carnoy and his associates do, that skilled teachers can easily deal with this
problem is overly dismissive of an enormously influential condition on classroom teaching
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and learning and is, even in the best performing schools with highly skilled teachers,
intuitively and observationally incorrect. The gap between expected and actual performance
levels has become far too large for this ‘strategy’ to work. We have already noted that both
Simkins (2013) and Spaull (2013) have concluded that deficits in terms of the expectations of
the curriculum accumulate from Grade 1 onwards. The hierarchical nature of mathematics
knowledge makes it “virtually impossible” (Spaull, p28) for learners to ‘make up’ cumulative
deficits as they enter higher and higher grades of schooling and are faced with increasing
demands in the sequencing, pacing, progression and coverage requirements of the curriculum.

We have also noted a number of times that, in one way or the other, all of the causative
explanations for poor learner performance, singly or in combination, suggested in the earlier
meta-reviews and studies are plausible per se and are likely to influence learner performance,
especially in combination. What has been consistent throughout these reviews and studies is
an acknowledgement, even if just in passing, of learner-centred methodology, and the theory
of learning it expresses, as a significant issue/influence, to one degree or another, and
whether seen as a ‘positive’ or ‘negative’ influence, on classroom instruction and the
performance of learners.

Roberts and Schollar (2006) in a review of 23 impact studies of mathematics, science and
English interventions conducted between 1998 and 2006 found that the great majority of
these

studies

reported

observation

of

significant

process-level

(chiefly

methodological/behavioural) changes that they ascribed to intended intervention effect either
at the level of school management or in the classroom practice of teachers. Virtually all of the
classroom-level change achieved by interventions was found to be consistent with the broad
assumptions of OBE; specifically, ‘a move to more learner-centred teaching’. This phrase or
similar variants, is cited regularly across the various reports. In most cases, this includes the
promotion of learner activity as against ‘learners just sitting’, the recognition of learner
knowledge, making references to every-day knowledge during lessons, encouraging learners
to ‘teach themselves’ (i.e. discovery learning) and promoting co-operative learning through
the extensive use of group work.

In general, the lists of process changes reported in the 23 studies are objectively impressive.
All of these changes (outcomes) were intended by implementing agencies and ascribed by
their evaluations to intervention effect and it is, therefore, surely reasonable to expect
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predicted impacts upon learner performance to have occurred on an equally general level,
assuming that these changes/outcomes are, in fact, effective ‘levers of change’ in improving
performance. However, despite the consistency of the reported process changes, there were
no equally consistent patterns in relation to improvements in learner performance, and there
were few indeed of them.

The great majority of evaluation studies appear to implicitly accept the theoretical
underpinning of a learner-centered intervention strategy a priori, and effectively 'make
excuses' if the intervention does not achieve predicted pupil impact, most commonly by
referring to adverse socio-economic conditions or resource constraints in schools. If these
variables are indeed of overriding weight, this raises the obvious question of why anyone
would bother to implement an intervention programme when they knew, in advance, that it
could not achieve significant impact because of existing structural and deterministic
conditions? If intervention process outcomes have been achieved but expected learner
impacts have not occurred as a result, it appears to be just as logical to instead conclude that
the theoretical approach underpinning the intervention may be ineffective.

The most important danger of such an approach to evaluation research is easy to understand if a theoretical approach to teaching and learning is ineffective, then flooding even a very
efficient school system with methodologies and materials based on that theory will not
produce significant improvements in learner performance.

Fleisch, in the penultimate chapter of his comprehensive review, comes to the conclusion
that:
“Irrespective of children’s social characteristics, their access to ‘social capital’ …
health and welfare or … the language of schooling, the underlying or fundamental
problem in South African schools is about what happens inside the classrooms … The
teaching failure ranges from the banal, the failure to simply ‘show up’ to the more
complex, the failure to use methods that work. (2008: 121) (Emphasis added)

Fleisch suggests that teaching methods lie at the core of the explanation of the residuals in
learner achievement that are not yet explained by input-output analyses (Crouch and
Mabogoane, 1998). He notes that there is a great deal of anecdotal evidence about both ends
of the range from ‘not showing up’ to ineffective teaching methods but, despite the existence
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of at least four academic journals, only limited systematic research that is capable of
establishing causative relationships between classroom practices and academic performance.
Nonetheless, his exhaustive review of the literature (2008: 120-134) does suggest that there
are five ‘strands’ of plausible explanations, all with some reliable empirical support, for poor
performance:


Subject and pedagogic knowledge of teachers



Time, coverage, pacing and sequencing of the curriculum; ‘Opportunity-to-Learn’



The link between teacher expectations and learner achievement; low cognitive demands



Access to, and use of, appropriate textbooks, readers and other learning materials



Changes to teaching methods after the introduction of the new curriculum.

It is evident from the review in this chapter that there is a developing consensus with
Fleisch’s most generic conclusions: structural and contextual factors like SES, race, health
and security, and nutrition, are all likely to explain some of the variation in the performance
of different groups of learners or schools. Improvements in these conditions, however, while
necessary, are not sufficient. Improvements in the quantity and quality of classroom
instruction are essential before we can expect genuinely significant improvements in learner
performance.
The first four of Fleisch’s list of problematic factors are relatively uncontroversial and are
increasingly commonly noted by other researchers (Reeves 2005; Hoadley, 2012; Carnoy et
al., 2010; Spaull, 2013). There is less agreement around his final factor:
“The research on teaching methods … tells a … complex story. Some research
suggests that, contrary to expectations, classroom teaching methods have not changed
dramatically, and that forms of rote method continues to dominate classroom
interactions. On the other hand, other research suggests fairly dramatic changes have
taken place and that the new methods, which are themselves hybrids of the
approaches that were advocated by the curriculum planners may be contributing to
school failure” (2008: 135).

Hoadley (2012) reviewed the research literature in the form of a wide range of classroombased studies in an effort to describe the existing knowledge base around teaching and
learning in South African primary schools. She acknowledged that there have been a number
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of studies focused on the relationships between learner performance, classroom interaction
and teaching style;
“Some of this research has importantly identified that these teaching styles are related
to pupil performance. For example, the work of Schollar (2008) and Taylor (2008)
argues persuasively that the loss of emphasis on memorisation, and the idea of
discovery learning and that children cannot be wrong, are at the root of much learner
under-achievement. Teaching styles in the context of shifts to constructivist theories
of learning and the negative outcomes of more ‘learner-centred’ classroom practices
are thus identified as important” (2012: 15).

On the other hand, she goes on to note that a number of other studies have shown that broad
characterisations like teacher-centred and learner-centred are not helpful and concludes that
the work of Cheryl Reeves, in particular, suggests that factors like the degree of curriculum
coverage, cognitive demand and pacing provided by teachers outweigh the effects of learner
centred or teacher centred pedagogy.

In the paper to which Hoadley refers, Reeves (2005), reporting a study into school
effectiveness in 24 poor schools in the Western Cape, found that engaging learners at
relatively high levels of cognitive demand with respect to both principled and procedural
knowledge and making explicit the criteria through which learner knowledge is evaluated,
especially the correction by teachers of errors made by learners, was critical to their
performance. On the other hand, pedagogical variables such as the use (or not) of
collaborative group work did not emerge as significant in relation to high gain scores.

Carnoy et al. (2012) do not consider in any detail the nature of the learning theory that
underpins the national curriculum in both Botswana and South Africa, simply acknowledging
these curricula as OBE-based. The issue of teaching methods is not explicitly examined other
than to acknowledge Reeves’s conclusion that they are not related to changes in learner
performance.

In this sense, the study appears to share with much other South African research (Roberts and
Schollar,

2006)

an

implicit

assumption

that

‘learner-centred’

education

is

appropriate/desirable for the teaching and learning of mathematics in primary schools. When
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these forms do not appear to be related to performance, the conclusion is not that they are
ineffective but that teachers do not use them properly.
“More teachers in the North West Province spent time on activities that engage the
learners in conversations, discussions and active participation than in Botswana …
although these are in general good practices, teachers did not use these techniques
effectively” (2012: 106).

Hoadley agrees with the thrust of much of the discussion about causation in this chapter,
remarking that her review of previous research provides a vast array of factors impacting
achievement. What does emerge from her research is that teachers and teaching do make a
significant difference to how well learners perform but she remarks that there has been a
tendency in the production function models of school effectiveness research to de-emphasize
teachers and class size as important factors.
“The research has thus generally been unsuccessful in determining what it is precisely
about successful teachers and teaching (such as classroom interaction patterns,
teachers’ professional expertise, etcetera) that increases student achievement. Some
inventories … have narrowed down which sets of factors make the most difference,
and some progress has been made particularly in between-school studies. However,
the challenge of studying classroom level process factors remains … it is unclear what
precisely does make a difference to student achievement outcomes after taking
background into account” (2012: 6-7).

With regard to class size, production function research has indeed consistently found little
relationship between this input variable and performance anywhere in the world. Gustafsson
and Mabogoane (2010) refer to this finding as arguably the single most influential finding of
production function studies and one that has been taken seriously by policymakers. They do,
however, add the caveat that South Africa’s class sizes are exceptionally high by developing
country standards and production function analyses have, perhaps, deflected attention from
researching and establishing sensible and feasible parameters for class sizes.
“16% of the country’s Grade 8 pupils … (TIMSS 2003) … were in classes exceeding
55 pupils. Data from other years and other grades confirm this pattern. One wonders
whether the orthodoxy on class size, partly resulting from production function
findings, has perhaps created a blind spot … More focussed attention … may reveal
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that South Africa’s exceptional situation allows one to detect important thresholds
beyond which pupil performance is clearly affected by class size” (2010: 12).
Gustafsson and Mabogoane’s caveat has important implications for policy and practice in
South African schools. It also illustrates one of the problems of production function research;
it calculates from what is currently measureable without necessarily taking into account the
reasons for the current reality and, in particular, disjunctions between policy and practice.
The first question to ask, even if only from a cost point of view, is why class sizes are so high.
The DBE has established a ‘right-sizing’ policy which, by 2008, had produced a theoretical
average class size of 38 learners per teacher, ranging from 40 in Limpopo to 33 in North
West (DBE, 2012). There are differences between Foundation Phase, in which teachers are
not subject specialists, and Intermediate, Senior and FET Phases in which they are, more so
the higher the grade level, but the mean figures will serve the purpose here.

The means obtained by the DBE are calculated by simply dividing the number of learners
enrolled by the number of classes rather than by the number of teachers employed. My own
programme evaluation research has consistently suggested that the comparison of these two
measures, theoretical class sizes (learners/teacher) and actual class sizes (learners/classes),
provides a robust indicator for including the concept of the management of inputs to the
research around class size. In a study conducted in a provincial sample of 160
underperforming secondary schools in Gauteng in 2013, Kgaphola, Roscani and Schollar
(2014) obtained means of 29 for the theoretical ratio and 39 for the actual ratio. This last
figure conforms to the national mean of 38 but conceals a difference of 10 learners more in
each class than would be the case if all available teachers were used each period. These
figures were controlled for the available number of classrooms, and we understand that
teachers require preparation periods and some require time-release to fulfil managerial
responsibilities, but this still does not indicate a particularly efficient use of resources. 12 A
study in rural primary schools in the Vhembe District of Limpopo revealed even larger
differences of over 20 more learners per class between the two figures (Schollar, 2009).

12

In programme evaluation research, changes in this indicator over time are used as the measure of efficiency in
the use of human resources as an effect of exposure to a school management programme: if the difference gets
smaller, efficiency is increasing.
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The clear implication, even if supported by little more than long-term personal and anecdotal
evidence, is that teachers often reduce personal teaching loads13 by increasing class sizes. A
school may, for example, receive four teachers for 160 learners but use only three classes in
which case the theoretical class size is 40 but the actual class size is 53.

Nonetheless, and taking obtained figures at face value, Gustafsson and Mabogoane (2010)
acknowledge that the lack of statistical relationship between class size and performance is a
counter-intuitive finding despite the weight and reliability of the ‘hard’ evidence. What is just
as intuitive is the proposition that the effect of class size is dependent on the quality of the
teacher: a ‘good’ teacher may achieve better results than a ‘bad’ teacher, even if his/her class
size is larger; a ‘bad’ teacher may achieve bad results irrespective of the class size; a ‘good’
teacher may achieve better results with a smaller class size. In other words, leaving out a
(workable and reliable) indicator/measure for teacher quality may result in a computed inputoutput relationship that is an artefact of the missing variable - a sort of reversion to the mean.

The need to develop reliable and realistic operationalized indicators for the abstract concept
of quality, what is a ‘good’ teacher and what is a ‘good’ teaching methodology?, is a
challenge to current production function research, and to much other statistically-based
educational research. Reeves (2005) and Carnoy (2012) made strenuous and rigorous
attempts to develop indicators of teacher quality. Reeves, rejecting the “crude and
dichotomous ‘from teacher-centred–to-learner-centred’ thinking reflected in some of South
Africa’s curricular documents” (2005: 5) instead investigated the role of the different
elements of the processes of knowledge transmission in classrooms in influencing the
achievement of learners.

The concept of Opportunity to Learn (OTL) was used as the organizing principle for this
exercise and was defined as a four dimensional construct associated with learner achievement
compiled from a review of the literature:
• ‘Content coverage by cognitive demand’ referring to the topics covered and the cognitive or
conceptual level at which the contents were covered;

13

My commissioned research has strongly suggested that data about actual teaching loads should be collected
directly from existing teacher time-tables rather than through self-reported figures which can typically be very
inflated. Early triangulation of data from both sources soon led to the discontinuation of the collection of selfreported information about this variable altogether.
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• ‘Content exposure’ referring to the estimated total amount of time actually spent engaged
with mathematics content as opposed to the time allocated for mathematics instruction;
• ‘Curricular coherence’ referring to grade-level coherence and measurement of the degree of
internal coherence in the sequencing of curricular content over the school year;
• ‘Curricular pacing’ referring to whether curricular content progresses at an appropriate level
from grade to grade to reduce the likelihood of cumulative knowledge deficits in learners.
(2005: 3).

While these dimensions are becomingly increasingly familiar, and do clearly describe
important variables that are very likely indeed to be associated with learner performance, it
does not appear immediately evident to me how they describe, or can be used to describe,
teacher-centred or learner-centred methodological practices.

They again appear to me to be a set of preconditions for the effectiveness of any form of
classroom instruction but do not speak to the specific methodological forms through which
they may be, or may not be, most efficiently achieved. I do not dispute the argument of
Hoadley or Reeves that ‘engaging learners at relatively high levels of cognitive demand with
respect to both principled and procedural knowledge (is) critical’. But I do argue that the
‘evidence stream’ I present strongly supports the proposition that some methodological forms
are actively inimical to the learning of the fundamental concepts and competencies of
mathematics by young learners in primary schools, i.e. that these forms actively militate
against the engagement of learners at high levels of cognitive demand when learning these
fundamental concepts and competencies.

Nonetheless, both Hoadley and Reeves are authoritative researchers and their conclusion that
the effects of learner-centred or teacher-centred pedagogy do not appear to be significant
must be taken seriously. It provides a clear and specific contrast with the assumptions of the
national curriculum itself and with the reasonably consistent generic assumption of much of
the other research to which we have referred: that methodological forms are important both
in terms of the ways in which they condition children’s experience of learning in a classroom,
and in terms of the theory of learning that they embody.

It also provides a clear and specific contrast with the conclusions that will be derived from
the evidence gathered during the exploratory study and presented in the chapters that follow.
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Conclusion

A large number of different types of independent variable factors, some on higher levels of
generality than others, and some sub-sets of others, have been found to have statistically
significant relationships with learner performance. Although it is next to impossible, given
the current nature of sociological theory, to combine all of these variables in a single model,
production function research is beginning to establish which combinations of independent
variables are capable of explaining the highest degree of variance in performance.

The early models which emerged from research of this nature, however, were still unable to
explain all of the variation in performance scores. The large unexplained variance, the
residuals, of these models suggested the need to include reliable operational indicators of the
abstract concept of quality of the instructional programme received by learners. Recent work
has taken up this challenge with encouraging results (Reeves, 2005; Hoadley, 2012; Carnoy
et al., 2012), especially in terms of the development of usable indicators and model/theory
building.

While the current, more sophisticated, models do clearly account for the difference in
absolute ranked performance of different schools/groups of schools, they do not necessarily
account for the decline in performance of schools to which the current explanatory models do
not apply. There is, in other words, a suggestion that the search for indicators of quality is not
yet over. There still appear to be variable factors that are not captured in current explanatory
models that are influencing all schools, irrespective of their prior performance and current
level of functionality, that are tending to depress learner performance across the education
system.

I have characterized the combination of qualitative variables used in current models as
referring to the very broad concept of functionality, defined as the capacity of a
school/teacher to deliver effectively the whole curriculum to all learners each year, a
definition that includes Reeves’ opportunity-to-learn. Low levels of functionality produce
poor learner results, high levels the opposite.

It seems questionable to me to use the same model to explain why the performance of
learners in high-functionality/high-performing schools should be experiencing declines in
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performance. If the model explains why they get better results than other schools , and I agree
that it does, can it also explain why they themselves are ‘getting worse’? In fact, the most
recent research available confirms that these schools were and remain qualitatively far more
educationally functional than the very great majority of all state schools (Mouton & Schollar,
2014). The cluster of independent variables making up current models simply does not apply
to them.

Fleisch (2008), Taylor (1997) and Muller (2001) have all suggested that methodological
forms, and the theories of knowledge and of learning upon which they are based, are central
to educational explanations for learner performance. Most of the literature we have reviewed,
and the national curriculum itself, shares this view. Whether broadly supportive or critical of
learner-centred methodological forms, this literature explicitly accepts the distinction
between learner-centred and teacher-centred education, and accepts that each iteration of our
curriculum has been based on learner-centred education.

Hoadley (2012) and Reeves (2005), on the other hand, do not see this distinction as useful,
instead arguing that the dichotomy is crude and that curriculum coverage, cognitive demand
and pacing provided by teachers outweigh the effects of learner-centred or teacher-centred
pedagogy.

This thesis provides empirical evidence on the relationship of a set of specific methodological
forms and learner achievement in mathematics and, in so doing, brings closer a resolution of
the questions raised by Hoadley and Reeves.

The argument of this thesis is that two closely related variables (i.e. preferred methodological
forms derived from learner-centred theories of learning, and assessment policy/practice) are
the qualitative meta-variables that are depressing the performance of all learners across the
state system, whether they are in functional or dysfunctional schools, and irrespective of the
degree of curriculum coverage or time-on-task achieved. These last two variables, critically
important as they undoubtedly are, explain differences in performance between different
types of schools but they cannot explain why virtually all schools are experiencing declines
in learner performance.
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Learner-centred methodological forms have failed to result in the learning of mathematics in
primary schools. The consequence is that learners do not actually learn the competencies and
skills specified in the NCS but are automatically progressed to the next grade. This, in turn,
makes it ever more difficult for teachers in each succeeding grade to both teach to and assess
at the competency levels specified by the curriculum.
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CHAPTER FOUR
EXPLORATORY STUDY
INVESTIGATING THE NATURE OF THE PROBLEM OF MATHEMATICS
EDUCATION: REVIEW OF 1998-2004 STUDIES USING QUANTITATIVE DATA
In mid-2003, Edcent Williams, then-Chief Director of the National Department of
Education’s Directorate of Curriculum and Assessment, in a presentation to a seminar
organized by the Business Trust, challenged educational researchers to find constructive
applications for the masses of unused field data they had collected over the years of
researching and evaluating intervention projects since 1994.

By the time the seminar was held, a series of studies had already demonstrated that South
African learners were not achieving an acceptable level of performance in mathematics (as
we saw in the previous chapter). The optimism that accompanied the launch of the new OBEbased curriculum in 1998 had been tempered by a growing realization that something was
seriously amiss on the national education ship. Williams challenged researchers to go back to
the data they had collected and try to find evidence for what we had ‘failed to do’, or what
had ‘gone wrong’ in mathematics education in this country and, especially, to understand the
‘why’ well enough to propose the outlines of a workable solution to what threatened to
become endemic failure on a national scale.

South African evaluation studies that have included a testing component in their designs have
typically, and pragmatically, used testing in language and mathematics, and sometimes
science, when assessing learner performance - unless the intervention design was specifically
targeted at other subjects/content or processes. These subject areas are taken to be the ‘core’
or ‘key’ indicators of the ‘health’ of national schooling and provide the focus of the majority
of teacher and learner-level intervention programmes operated in schools.

By 2003, ESA had accumulated a great deal of learner performance data on a national scale
in mathematics from a number of evaluation studies on national and provincial levels for
different grade levels in primary schools. The exploratory phase of the PMRP research
programme was to review the original research data available from these studies.
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The exploratory study was based on an analysis of four overlapping data sets derived from
six different studies, conducted in a total of 154 schools in 35 Districts in all nine Provinces
with 7,028 randomly selected learners between 1998 and 2004.14 These studies were all
quasi-experimental impact evaluations of significant intervention projects operated by
various agencies and organizations in cooperation with national and provincial departments
of education. All of them involved learner testing in mathematics using the same instrument.


The first dataset consists of the mean pre and post scores obtained by the control groups
in all six studies at Grades 5 and 7 between 1998 and 2004, 4,483 learners in all. This
provides information about outcomes in schools across the country that were applying
only ‘routine’ schooling over this period. Both project and control groups participated
in any ‘internal’ department-based developmental programmes currently operating in
all schools and, therefore, only the project group is subject to intervention effect.



The second dataset consists of scores obtained for each item (type of problem) by
learners in both project and control groups obtained during three of the six studies at the
same grade levels between 2002 and 2004, 4,256 scripts. This provides information
about the types of problems learners find easier to do, as well as those that are more
difficult or close to impossible.



The third dataset consists of the rough workings of learners contained in the same 4,256
individual scripts. This provided immediate, original and high quality information
about what learners are actually doing in the course of solving the mathematical
problems contained in instruments on which they obtain such low mean scores.



The fourth dataset consists of narrative descriptions, along with observer comments, of
teacher and learner behaviour and learning activity during lesson observations15. This
‘ethnographic-type’ research yields qualitative information about how learners are
taught and begins to suggest the ‘why’ and ‘what is the cause’ of the problem we are
investigating.

14

Randomly selected only once we passed school-level – schools could not be randomly allocated to project and
control groups because participation in the intervention determined possible membership of the project group
for these studies.
15
Lesson observations are regarded by some researchers as unreliable because of the near-inevitable influence
of researcher effect on teacher behaviour. We accept the inevitability of researcher effect and, therefore, regard
observed lessons as the best that the teachers are capable of presenting.
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The Data Collection Instrument

The single instrument that was used in all of the six source studies was not intended to
measure absolute performance against national normative standards at specific grade levels. It
was instead designed and piloted to make possible the measurement of the longitudinal
impact of intervention programmes from Grade 5 to 7 through an analysis of the differences
between the pre and post gain scores obtained by project and control cohorts as they
progressed from one grade level to the next. A copy of this instrument appears in Appendix
Two.

As we saw in Chapter 2, learner performance is so poor that the result of piloting to obtain a
reasonable spread of scores from high to low is an instrument that is generally much simpler
than instruments standardized against specific grade assessment standards.

The instrument consists of a combination of simple and more complex arithmetic operations:
counting, visual and numeric fractions, shape recognition, symbolic logic, rounding off,
conversions, sequences, combined literacy/numeracy word sums and table interpretation - all
fundamental and generic mathematical concepts at primary level. It was produced through the
collection of a large number of items that were sorted into topic/content sections and levels of
difficulty. Banks of these items were piloted in various combinations in both urban and rural
schools (in Gauteng and Limpopo) to produce a distribution of pre scores appropriate for the
measurement and analysis of longitudinal impact.

In addition, the instruments were always printed on one side of each page with the other side
left free for rough workings and learners were not allowed to use erasers. This provided
primary data about problem-solving methods used by learners, the subject of the next chapter.

Language and Administration of the Instrument

Over the 1998 to 2004 period the SGBs of the overwhelming majority of South African
primary schools elected to use English as the Language of Learning and Teaching (LOLT),
the medium of instruction, after the completion of Foundation Phase (after Grade 3) and,
consequently, the instrument is also in English.
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At each test session the field researcher first read the questions in English and explained the
examples while a teacher translated into the home language of the learners. The teacher
remained available throughout each test session to provide translations of specific questions
to individual learners on request.16 This method of test administration most closely resembles
the actual teaching and learning environment of the classroom after Grade 3 and was intended
to compensate for the effect of language comprehension of the questions on learner scores. In
addition, most items include a worked example to ensure learners knew what is being asked. I
am convinced that the understanding of English per se was not a significant issue affecting
performance on the instrument.

Characteristics of the Analysis Sample

The original samples from which the analysis data is drawn were selected to meet the needs
of the respective research designs for each of the six studies. Attention was paid to ensuring
that as many of the broad differences between schools on a national or multi-provincial level
were reflected as was practicable. Since the names of many rural and remote areas may be
unfamiliar to some readers, they are generally reported in terms of the nearest well-known
area. The Port Shepstone and iXopo schools in KwaZulu-Natal, for example, are all in remote
locations, as are many of the Eastern Cape and Limpopo schools.
Table 12: Exploratory study: Research sites
Limpopo
Mpumalanga
Gauteng
North West
Free State
KZN
E. Cape
W. Cape
N. Cape

Bolobedu
Malelane
Soweto
Orkney
Welkom
Bergville
Lady Frere
Piketburg
Kimberley

Soutpansberg
Badplaas
Eldorado Park
Potchefstroom
Mangaung
Port Shepstone
Motherwell
Mitchell’s Plein
Koopmansfontein

Jeppe’s Reef
Etwatwa
Mamelodi Vosloorus Katlehong
Rustenburg Mabopane
iXopo
Umlazi
Peddie
Hamburg
Khayelitsha Lwandle
Postmasburg

Umvoti
Bisho
Nyanga

Kwa Mashu
Nqeleni
Atlantis

Other than a few formerly-coloured schools in the Western Cape, Northern Cape and
Gauteng, all of the schools were formerly black schools, including those in apartheid era
‘homelands’. The samples were evenly split between urban and rural schools, with around
one third situated in remote rural areas. In my experience, the range of schools from which

16

Since the same practice was followed for project and control cohorts for pre, mid and post tests, any influence
on impact measurements stemming from random teacher ‘prompts’ was controlled.
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the samples were drawn reflects the variety of contexts and conditions in the overwhelming
majority of South African schools.

Determination of the socio-economic status of the schools from which the learner sample was
drawn was based on four factors: income from fees, physical conditions, existing facilities
and estimated level of parental unemployment.17 Category A represents the most affluent
category.

Table 13: Exploratory study: Socio-economic status and type of schools (%)
SES
A (High)
B
C
D (Low)

8.4
28.6
38.4
24.6

Type of school
Urban/township
50.9
Rural
18.3
Remote
32.4

The ranges of both factors appear reasonably approximate to the spread within the great
majority of South African schools, given that only a few former coloured schools, and very
few formerly-Indian or white schools, were included in any of the six studies.

It is obvious that the proportion of learners in rural and remote schools will decline as the
process of urbanization, temporarily slowed by Apartheid policies, continues to accelerate.
Indeed, a number of schools currently classified as urban/township that are in or near
informal settlements already have enrolments made up almost entirely of newly urbanized
learners, many of them from remote areas.

Research Objective One: To investigate the trend in performance in mathematics in as many
state schools over as long a period as possible (1998 to 2004): Data Set One

The trajectory of learner performance since the introduction of the new OBE curriculum is a
topic of obvious interest and much heated popular debate. The only generally available largescale longitudinal data we have on this issue is that from TIMSS and SACMEQ in which, as
we have already noted, there was no evidence of significant improvement in the performance
of South African learners between 2000 and 2007.

17

Estimated separately by SMT members and teachers; researchers took a simple mean of all these estimates.
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The data available from the six studies that formed the sources for Phase I offered another
chance to investigate the issue from a wide variety of contexts across the country. Since the
intention was to look at the outcomes of state school mathematics education delivered on a
routine basis within the school system, only scores from learners in control groups were used
for the comparison to eliminate the possible intervention effects on scores of learners in the
project groups. 18

A total of 4,483 learners in control groups were tested for these studies to produce the
reported figures. More than double this number was tested in project groups and, although the
figures are not reflected in this paper, none of these groups obtained any significant impact
upon mathematics scores either.

Table 14: Exploratory study: All-inclusive mathematics mean scores: 1998-2004: all items
(48)
Grade 5
Grade 7

n
2,329
1,927

Mean (%)
36.1
54.3

Std. Dev.
7.0
7.4

While the mean at Grade 7 appears reasonably high it should be recalled that the test itself
was the product of piloting intended to produce a longitudinal instrument that would be
sufficiently sensitive to measure what were likely to be reasonably small changes in
performance of learners with low to very low levels of existing competence. The piloting
process typically involves simplifying many of the test items as item analyses show that
grade standard-specific items are far too difficult for learners.
Therefore, in objective terms the tests are not ‘difficult’ and one could reasonably assume
that Grade Five, and especially Grade Seven, learners would fare very much better than they
did. The mean scores obtained by learners in ex-Model C schools in an informal small scale
pilot in Gauteng in 2005 were 75% and 79% for Grades Five and Seven respectively.

Starting with all of the original items in the longitudinal 1998 instrument, subsequent
development of the longitudinal instrument into two instruments standardized against gradelevel specifications for the PMRP in 2007-2012 showed that the great bulk of the original
18

The majority of the six interventions were aimed at improvements in both literacy and mathematics. In the
few that were aimed only at literacy, mathematics testing was included as a proxy indicator for the generalized
improvement in performance in all subjects predicted by the intervention as a result of improved literacy.
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items were based on Grade 3 and, to some extent, Grade 4, assessment standards on a basic
item analysis. (See Chapter 9).
Table 15: Exploratory study: Summary of trends in mathematics scores: change in mean
score between pre and post-testing: 1998-2004 (%)
Study Area
National
Gauteng, KZN, E. & W. Cape
Gauteng, KZN & W. Cape
Eastern Cape
Mpumalanga
North West*

Period

Grade 5

n

Grade 7

n

2000-2003
2002-2004
1998-2000
1998-2000
1999-2001
2000-2004

+1.7
-1.2
-4.2
-2.1
-1.1

667
480
240
375
488

+1.9
-2.9
-3.1
-0.1
-2.3

587
480
240
325
421

Grades 4
to 11*
-2.1

*Six of the eight grades tested obtained a decline in mean score

The samples from which these data are drawn were originally selected to have a precision of
2% at a confidence level of 95% (Krejcie and Morgan, 1970), a function of the relative sizes
of the target population and the samples. Using this figure as a basic descriptive benchmark
for significance, six of the eleven changes are significant to a degree, all reflecting a decline
in mean numeracy scores ranging from -2.1% to -4.2%. Of the other five changes, no
significant change greater than ±2% is indicated and of the eleven impact measures, no less
than nine are negative.19

Since these figures are internally consistent, are derived from the same instrument and are
consonant with the 1999-2003 TIMSS and SACMEQ 2000-2007 findings, there is clear
cumulative evidence for the conclusion that there has been no improvement of learner
performance in South African primary schools. If anything, there is evidence for a sustained
decline in performance across the national system, at all grade levels, and in high and low
performing schools, since 1998.

Further evidence is drawn from a review of the impact on learner performance measured by a
well-known independent research agency (JET) of the Integrated Education Programme (IEP)
of RTI-International that operated in KZN, Eastern and Northern Cape (Schollar, 2008). In
this study, eight of the eleven mean scores in control groups for all three study cohorts
19

It is interesting to speculate that, when compared with the negative figures from the rest of the studies, the
(only) positive gains in the figures from the larger national sample, even if too small to be significant, suggests
the possibility that the changes in some or all of the provinces not represented in the rest of the ESA studies
(Free State, Limpopo and N. Cape) may have been positive. Subsequent research in Limpopo has shown this
was not true in this province.

n

180
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recorded a decline in learner performance – confirmation from a fourth source that there was,
at the very least, no evidence of improvement of learner performance in the routine system up
to 2008.

Research Objective Two: To identify problematic topic areas though a basic descriptive
analysis: Data Set Two

For the purposes of the descriptive analysis, scripts from 4,256 learners in both project and
control groups in three of the source studies between 2002 and 2004 were selected. The
scripts were stored by school and by grade. For each school, 10 scripts were randomly
selected for each grade level by choosing every fifth script until the required 10 were
selected.
The test instrument is divided into 12 items with a total possible score of 48. Each item deals
with a different type of mathematical problem. Note that the same instrument was used for
both Grades. The following table lists the mean score attained for each item in rank order.
The results provide an overall view of the performance of the samples on different types of
mathematical problems.

Table 16: Rank Order: Correct Answers by Test Items
Rank
1
2
3
4
5
6
7
8
9
10
11
12

Grade 5 (n: 2 329)
Counting
Arithmetic – simple
Shape recognition
Relationships between numbers
Sequence completion
Arithmetic - complex
Table interpretation
Recognition of visual fractions
Word Sums
Rounding off
Conversions of length
Conversions of fractions

(%)
81.1
60.3
43.7
38.4
31.7
30.3
26.0
25.4
12.0
11.5
5.6
3.8

Grade 7 (n: 1 927)
Counting
Arithmetic – simple
Shape recognition
Relationships between numbers
Sequence completion
Table interpretation
Recognition of visual fractions
Arithmetic - complex
Word Sums
Rounding off
Conversions of length
Conversions of fractions

The Grade Five sample obtained a ‘pass mark’ of over 50% for only two of the twelve types
of problem and over 33.3% on another four. The Grade Seven sample fared somewhat better,
as is to be expected due to simple maturity, but still obtained a score of under 50% for five of
the twelve types.

(%)
95.4
74.7
70.6
66.0
58.1
55.9
52.9
47.9
30.7
28.7
11.6
7.5
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The first five types of problems are ranked in the same order for both grade levels. These
types of simple problems use small numbers that can be easily counted, as well as simple
relationships (equals, bigger/smaller than) and shapes (triangle, circle, square). Both groups
find simple arithmetic the easiest type of problem to solve because the answers can be
counted using single digits to do so. Conversely, they find very much more difficult those
problems requiring true calculation like complex arithmetic operations using higher numbers,
and both groups find conversions almost impossibly difficult. Even the calculations required
for rounding off are very difficult for most learners. Learners in both grades find word sums
very difficult indeed despite the fact that the operations they contain are very simple.20
In interpreting information in a table, questions requiring any degree of cross-referencing21
proved almost insuperably difficult for learners at both grade levels and the overwhelming
majority of correct answers were from questions that did not require such cross-referencing.22

Research Objective Three: To investigate basic correlations with numeracy score (Data set
Two)
Table 17: Exploratory study: Correlations with mathematics scores
Mathematics and:
Literacy
Socio-economic status
Type of school
Class size

+0.72
+0.21
+0.18
-0.05

Mathematics scores and both socio-economic status and type of school are positively
correlated: broadly put, the more a 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 though it can be noted in passing that,
while clearly related to performance in mathematics, these factors are perhaps not as strongly
determinant as many theorists have believed in the past.23

20

There are 24 hours in one day. How many hours are there in two days?
Who is taller than Thembi but younger than Sipho?
22
Who is the eldest child?
23
If the sample had contained many more formerly-white, Indian and coloured schools, the resulting correlation
would have been much stronger; a reflection of racial and class differentiation.
21
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As far as class sizes are concerned, there is no indication of correlation of any kind and the
two factors appear unrelated. As we have already noted, this finding is strongly counterintuitive and 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 sizes and policy has settled, pragmatically, at a maximum of between 35 and 40
learners.

The strongest correlation of +.7 is obtained for literacy. A high positive correlation between
literacy and mathematics scores does not necessarily prove causation in which increases in a
are caused by increases in b. In the absence of more sophisticated statistical analysis, the
most it can indicate is a relationship of some kind that may, in fact, be the joint consequence
of another variable. For example, the quality of educational management (if a school teaches
literacy well, it probably does so for mathematics as well) or personal talent (if you’re good
at one, you’ll possibly be good at the other as well).

Nonetheless, a very strong relationship between literacy and mathematics is both obvious and
to be expected in a multilingual society in which the great majority learn virtually all of their
subject content after Grade 3 in, at least, their second language. The NSE (2005) results
indicated that learners obtained far higher scores for all subjects tested when the LOLT was
the same as that used in the home.24
Table 18: Mean Scores obtained according to home language and LOLT: NSE (%)
National mean
LOLT
Mathematics
Natural Science

LOLT the same as
home language
69
48
60

LOLT different from
home language
32
23
37

It is hardly surprising that the better learners understand, read, write 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.25 It is clearly very difficult indeed for young learners
to switch from mother tongue on entering Grade 4 and to learn all of the content subjects in
24

In South Africa with its multiplicity of official languages, an African language used at home might still be
different from another African language used at school.
25
Furthermore, when the home language and the language of instruction is the same, the more chance learners
have of benefiting from parental and family support in any subject.
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English (sometimes Afrikaans). That virtually all of the materials provided to schools for
these other subjects from Grade 4 onwards are in English underscores the point.

In practice, however, very few learners, especially in rural and remote schools, reach Grade 4
sufficiently literate in English to deal with textbooks and other materials for all subjects,
including mathematics, in that language. The necessary first priority of teachers is for
learners to understand English well enough to converse in the language. No education is
possible if learners do not understand the oral/verbal language of teaching and learning.
Consequently, the current reality, especially in rural areas, is that after Grade Three, English
is generally and typically interwoven with an African language (a practice referred to as
‘code switching’), progressively less so as the higher grade levels are reached. Reading and
writing inevitably receive very much less attention as long as ‘sufficient’ oral proficiency is
the main priority.

On the other hand, there are some interesting data from MLA that suggest the relationship
between language comprehension and performance in mathematics is not simply linear and
deterministic but is somewhat more complex.

Table 19: Numeracy and Literacy mean scores for selected countries (%): MLA (1999)
Malawi
Senegal
Zambia
South Africa

Numeracy
43
40
36
30

Literacy
35
49
43
48

It is evident that, for this group of countries, the level of achievement in literacy is not, in
itself, always a reliable predictor of the level of achievement in mathematics on a large scale.
Malawi, with the lowest literacy score, is ranked highest for mathematics while South Africa,
ranked lowest for mathematics, has the second highest literacy mean. Put differently, Malawi
with a literacy mean 13% lower than South Africa has a numeracy mean of 13% higher. The
obvious implication is that a factor other than language also affects performance in
mathematics to a very significant degree and that poor inputs and outcomes in mathematics
education can exist independently of the ability of learners to understand the language in
which it is learned. This is really something of a truism and most of us know highly literate
people educated entirely in their home language who have always found mathematics
mystifying!
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While comprehension of the medium of instruction is the necessary precondition for
achieving competence in mathematics, it is not in itself sufficient to guarantee such
competence. Once semantically understood, the conceptual contents and processes of
mathematics still have to be comprehended and mastered. Without a sufficient grasp of the
required foundational content and competencies it is very difficult for learners to master more
complex abstract concepts no matter how well they understand the language in which
mathematics is taught.

The test instrument contained four word sums of increasing difficulty. Three of these sums
were matched with three of the items dealing with arithmetic operations:
Operation
24 x 2
950 - 450
210 ÷ 3

Matched Word Sum
There are 24 hours in 1 day. How many hours are there in 2 days?
There are 950 learners in our school. 450 are girls. How many boys are there?
I have 210 stones in 3 bags. There are equal numbers of stones in each bag.
How many stones are there in each bag?

The table below compares the proportions of learners who solved each type correctly:
Table 20: Exploratory study: Scores for word sums and matched operations (%)
Problem
1
2
3

Operation
Correct
71.7
45.5
26.1

Grade 5
Word Sum
Correct
27.8
15.3
3.6

Difference
43.9
30.2
22.5

Operation
Correct
88.3
65.4
39.2

Grade 7
Word Sum
Correct
61.5
42.0
11.9

Difference
26.8
23.4
27.3

It is immediately apparent that learners have very much more difficulty solving simple word
sums than they do solving the same problems posed arithmetically. It must again be recalled
that consistent attention was given throughout the research to ensuring that the learners
understood the semantic meaning of the questions in their home languages.

The clear conclusions of the analysis of these data are that:


There is no evidence that learner performance improved between 1998 and 2008. If
anything, there is evidence that the performance of learners receiving only routine
instruction may have actually declined over this period.



Learners can solve only the simplest of arithmetic problems using very small numbers.
Virtually all of the correct answers for both Grade 5 and 7 are based on assessment
standards for Grade 4 and, especially, Grade 3.
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Once higher numbers are reached, correct answers rapidly diminish. Learners can count
but they cannot calculate. Any problem that requires interpretation or true calculation is
almost insuperably difficult for them.



The overwhelming majority of South African learners cannot conceptually extract the
arithmetic problem from a word sum even when they comprehend the language in which
it is expressed - and even when they can solve the arithmetic problem stated in numeric
format. Important as language indisputably is to the learning of any subject, the
fundamental causes of failure in mathematics must be sought elsewhere.
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CHAPTER FIVE
HOW DO CHILDREN SOLVE MATHEMATICAL PROBLEMS?
EXPLORATORY STUDY: PRIMARY EVIDENCE FROM ‘ROUGH WORKINGS’
During test administration prior to 1998 it became increasingly apparent that the rough
workings of learners as they attempted, in practice, to solve the problems posed by the test
instruments were a rich and illuminating source of primary information about learner
performance. This information is not captured in the comparison of mean scores to measure
change and impact and nor, as far as I was aware, has any effort been made to collect and
analyse information of this sort, and on this scale, by other researchers in this country.

Consequently, the new instruments introduced in 1998 were always printed on one side of
each page with the other side left free for rough workings. Learners were not allowed to use
erasers and a blank sheet of paper was provided that was stapled to the original instrument if
they ran out of space. While none of the interventions evaluated since 1998 required the use
of this information, all of the test scripts were retained in the hope that an opportunity to
analyse the rough workings would eventually present itself.

Of the original possible total of 4,400 scripts retained in the third dataset between 2002 and
2004, 144 were discarded for various reasons such as missing pages, illegible, etc. The
resulting total of 4,256 scripts is made up of:


300 scripts from each of the nine provinces, 2,700 in all, obtained in 2003



100 scripts from each of the nine provinces, 900 in all, obtained in 2002



200 scripts from each of Gauteng, KwaZulu-Natal, Eastern and Western Cape, 800 in
all, obtained in 2004.

The addition of the last bulleted 200 scripts from four of the provinces (18.8% of all scripts)
was basically due to the fact that they were available and it seemed a pity to discard them.
These scripts are based on a combination of urban and rural areas that accommodate very
large numbers of South African learners, and include the two best performing, and two of the
worst performing, of the provinces. They are rather more likely to enrich than distort the
national sample data and they also extend the period to which the scripts refer by another
year.

79

Research Objective Four: To investigate the frequency of different types of methods learners
actually use when solving problems (Data Set Three)

The data that are reviewed in this section provide access to important primary information.
What do learners actually do when they attempt to solve problems in the course of obtaining
such poor scores? We already had one important piece of information from Research
Objective Two: that learners have increasing difficulty in solving problems involving larger
numbers and when ‘counting’ could not solve the problem and some sort of conventional
calculation was required.
The study distinguished between three ‘types’ of 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 one-by-one.
Conceptually the method amounts to counting on fingers with unit marks substituting for
fingers when the number involved is over 10. The study defines this inability to use the
most basic computational tools of mathematics as ‘innumeracy’, just as an inability to
read and write is considered ‘illiteracy’.



Repeated Operations: Where multiplication and division problems are solved using
whole numbers rather than single units, but where the problems are still reduced to
addition and subtraction processes by repeatedly adding or subtracting the numbers
involved. For example: 5 x 4 is solved by adding 5 four times or vice versa. This is,
essentially, a more complex 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 first table reflects the relative frequency of types of methods used by pupils. Since more
than one method is frequently used by learners over the course of one test, each script was
scrutinized to determine which methods were predominant for that learner. The results were
recorded and sorted into four categories where the learner uses:


unit counting as the only method to solve problems



unit counting in over half of all workings
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whole numbers in over half of all workings



whole numbers only.

Note that the first analysis in Figure 10 includes the use of ‘whole numbers’ without
distinguishing between whole numbers used in ‘repeated operations’ with those used in
‘calculations’. The objective of this analysis was primarily to understand the proportions of
learners who were wholly, largely and partly dependent on ‘unit counting’. However, since
learners generally use the same set of unit marks to solve more than one problem, it proved
impossible to establish the true absolute number of unit counting attempts and the reported
figures for this method are, therefore, significantly understated in both Tables 10 and 11.

% of all learners

50
40

Figure 10: Exploratory study: Proportions of learners using unit counting
methods
39.7
38.1

34.2

30

Grade 5

23
18.4

20
11.5

20.5

14.6

Grade 7

10
0
Count units only

Counts units > half all Numbers > half all
workings
workings
Degree of dependency on unit counting

Numbers only

These data indicate that 80% of Grade Five and 60% of Grade Seven learners still use the
simple counting of single unit markings to solve problems to one degree or another, while
38% and 11%, respectively, 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 21% of learners work exclusively in
whole numbers at Grade Five level and 40% at Grade Seven.

To determine the absolute frequency of types of methods used by all learners in their rough
workings and, in doing so, to separate calculating and repeated operations when using whole
numbers, the total number of times each method was used in all of the scripts was counted.
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Figure 11: Exploratory study: Types of problem-solving methods by
proportion of all workings

% of all workings
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Grade 7

19.5

20
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0
calculations

repeated operation
Type of problem-solving method

counting

These data indicate that of all the problems learners try to solve at Grade Five level, at least
50% of these attempts use unit counting, and at least 27% at Grade Seven. There is no doubt
that these figures should, in fact, be higher for both grades. Conversely, only just over one
third and one half of all the workings of the two respective grades reflected attempts at
conventional whole number calculations though the proportions are likely to be overstated,
given the undercount of unit counting methods.

The next form of analysis examines the ability of learners to use conventional calculations in
terms of the type of operational problem and the correctness of the resulting solution.

Table 21: Exploratory study: Types and effectiveness of operations attempted through wholenumber calculations

Addition
Subtraction
Multiplication
Division

Grade 5
% of all
Correct
Calculations
(%)
31.6
58.8
40.6
58.2
18.5
39.8
9.3
24.4

Grade 7
% of all
Correct
Calculations
(%)
31.8
72.7
39.6
74.1
19.7
52.4
9.2
39.6

At both grade levels just under three quarters of all attempts to use conventional whole
number calculations are directed to addition and subtraction problems and almost always for
problems using small numbers, typically one or two digits. This reflects the findings of the
studies reviewed in Chapter Two in that the majority of correct answers from learners are
well below the assessment standards for the grades in which they are enrolled.
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Learners at both grade levels evidently find it very difficult to apply conventional calculating
methods to multiplication and division problems and, even when they do so, most of their
solutions are incorrect. The table reflects steep declines when one compares addition and
subtraction against multiplication and division for both the number of attempts and the
number of correct answers.

In general, if larger numbers are involved in a multiplication or division problem (e.g. 81 x
17) the preferred method is to use repeated addition or subtraction of numbers (e.g. 81
seventeen times or 17 eighty-one times). The ‘success’ rate of this method is low with 39% of
such operations correct for Grade 5 and 50% for Grade 7 learners and, once again, the smaller
the numbers involved, the more likely this method yielded the correct answer.
It again proved impossible to establish sensibly the proportion of correct answers for the use
of the ‘unit counting’ (non) method. It is often very difficult to distinguish the actual problem
that is being solved, especially when the same set of marks are used to solve different
problems. However, it is obvious that the method is very difficult to control and many
mistakes inevitably occur in the tallying of the unit marks, especially when large numbers are
involved.

We have provided a basic descriptive analysis of the methods learners use to solve problems
and established the frequency of use and utility of these methods. The following section, on
the other hand, reproduces typical examples of the methods actually used by learners in their
rough workings.
Taken on their own as isolated examples they might be dismissed as ‘cherry-picked’ and not
representative of the methods used by the majority of learners in the majority of South
African schools. However, taken in the context of the preceding discussion, it can be
confidently asserted that they are typical of problem-solving methods on a national scale. As
such, they provide a compelling visual and conceptual explanation for why these learners
obtained such low scores during testing. It will be noted that the majority of examples are
drawn from the scripts of learners in Grade 7. If these methods are still so prevalent at this
level they are even more so at the lower grade levels.
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The examples, above all, provide immediate and original insights into the strategies and
limitations of the problem-solving methods used by learners in the majority of South African
primary schools. This allows us to investigate their underlying conceptual understanding of
the meaning of numbers and of their relationships to the arithmetic procedures that make
calculation possible.

In this example of pure unit counting, drawn from a Grade Five script, separate problems are
attempted one by one until the page is filled. All problems are solved by addition or
subtraction of one from the previous number using the same set of marks. The result
resembles a sort of ‘binary code’ in which unit markings (the small circles) are switched ‘on’
or ‘off’ (the tailed lines) depending on whether one is going ‘up’ (add one) or ‘down’
(subtract one) the stream of unit marks.

The problem-solving process necessarily starts with the reduction of all operational problems
to addition (multiplication) or subtraction (division); multiplication and division calculations
cannot by definition be performed using what is essentially a ‘base-one’ number system.
When learners do know that multiplication is the same as repeated addition they typically
start by counting off the higher number in unit marks once (e.g. 45) and then counting these
marks again and again as many times as required (e.g. 5), starting from 45+1 to count not
calculate the solution to 45x5. These learners appear not to understand, or were never taught,
that the explanation of what multiplication is does not provide a workable method for solving
multiplication problems.
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In the following example (36 ÷ 4), reproduced from a Grade 7 script, the learner solves the
division problem by simplifying the division into the counting of units in groups.

Problem
Step One
Makes 36 marks
Step Two
Groups units in fours
Step Three
Counts groups

36 ÷ 4
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
[I I I I] [I I I I] [I I I I] [I I I I] [I I I I] [I I I I] [I I I I] [I I I I] [I I I I]
1

2

3

4

5

6

7

8

9

The correct answer is obtained but the method becomes progressively more unworkable as
larger numbers are used, and the method can yield the correct answer only if no fractions are
involved. Essentially, this example reflects a mechanical reproduction, if slightly more
‘complex’ than the previous, of an explanation of what division means rather than a workable
method through which a division calculation can be carried out.

These first two examples very clearly illustrate the difference between the SACMEQ levels
of competency and NCS grade standards, to which we referred in Chapter 2. The first
example is from a learner who is in Grade 5 but has a SACMEQ competency level of I = ‘pre
numeracy’ or NCS Grade 2 and below. The second example is from a learner in Grade 7 who
is beginning to understand that numbers are made up of sets of other numbers, and that
counting sets of these sets can provide a solution. This corresponds to, and here we are
pushing it a bit!, SACMEQ competency level II = ‘emergent numeracy’ or NCS Grade 3.26

It is not only multiplication and division problems that are dealt with in this fashion. In the
following reproduction from a Grade 5 script, a simple subtraction problem is solved by the
use of mechanical deduction of units, counted one-by-one.
Problem
Step One
Makes 27 marks
Step Two
Counts off 9
Step Three
Counts no. remaining = 18

26

27 - 9
IIIIIIIIIIIIIIIIIIIIIIIIIII
[I I I I I I I I I] I I I I I I I I I I I I I I I I I I
[I I I I I I I I I] I I I I I I I I I I I I I I I I I I

The NCS assessment standard for Grade 3 requires the ability to divide a two digit number by a one digit
number.
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There are no calculations of any kind attempted in any of these first three examples; they rely
exclusively upon the counting up or down of single units.
This ‘method’ requires a great deal of concentrated and unwavering cognitive attention to
solve problems when larger numbers are involved. During administration of the instruments,
it was obvious that many of the learners who painstakingly plough their way through a long
process of unit counting start making attention/tallying errors somewhere along the way.
Once they do so, there is no way to check other than to start again at the very beginning.

A noticeable effect of this pre-mathematical method is the time consumed in attempting to
solve even the very simplest problems. The more dependent on unit counting, the less likely
that a learner will ever reach the later sections of the instrument, even in the very unlikely
event of being capable of solving the problems they contained.

Simple counting of units is conceptually and cognitively the most rudimentary form of
numeracy imaginable and is more commonly associated with pre-schooling and Grade One
than with the higher levels of primary schools. The reproductions of scripts clearly reflect
learners who have no conceptual understanding of numbers. The only relationship appears to
be the understanding that every number is just one more or less than the previous. Without
understanding the base-ten number system learners cannot hope to learn, understand and use
foundational concepts like place value, ‘borrowing and carrying’ and the basic operations.

The obvious inductive conclusion is that the extent of this method in primary schools, and of
the variants reflected in the pages that follow, provides an immediate explanation for poor
learner performance in mathematics at, eventually, every level of the national system - the
beginning of understanding the ‘why’ of the data reviewed in Chapter Two.
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This reproduction is from a Grade 5 script. While it is difficult to be certain, it would appear
that all/most of the workings in this example are an attempt to solve 210  3. On the top and
bottom of the page whole numbers (instead of single unit markings) are used to count
upwards in sequence. Then, for some reason, numbers already written down are themselves
re-numbered in sequence: 115 is numbered 31, 116 as 32, and so on. This is a variant on the
use of unit marks for counting and is conceptually just as inadequate as a problem solving
method. In other words, even when learners appear to be using numbers instead of unit
marks, many of them are simply counting these numbers one-by-one anyway.

Learners very often combine two different forms of the counting method. The following
combination uses unit counting to add the individual numbers used in repeated operations
(skip counting).
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On centre and bottom left is a particularly clear example in which 54 x 9 is solved by adding
54 to itself = 108 a number of times (using the unit markings to the right of the page). This
number is then added 4 times, using unit counting to add the eights, with the remaining 54
added at the end.

In another example of repeated operations, the Grade 7 learner below is attempting to solve
the division problem 1,420 ÷ 20. He/she is able to add 20 to itself and to continue counting up
in twenties, an advance on much of what we have hitherto seen, but in finally tallying the
answer the child reverts to the simple counting of units.
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The division problem has been reduced to the repeated addition of 20 to itself until 1 420 is
reached. Each time the addition was performed is then ticked once and the ticks become unit
markings which are mechanically counted to yield the answer. It is again evident that the
method is not workable if fractions are involved and very confusing if large numbers are
involved. 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 7 script underscores the point.
In the following series of examples, all from Grade 7 scripts, whole numbers are used
exclusively but one cannot say that real calculating as conventionally understood is occurring
in any of them.

The workings on the left are for 17 x 6. Centre top refers to 54 x 9 and top right to 81 x 17.
All three of these multiplications are reduced to the repeated addition of whole numbers and
all three solutions are incorrect. An inability to add whole numbers correctly is also reflected
in the bottom right workings (9,796 + 7,947). Only the centre bottom workings yield the
correct answer (185 + 174 + 52 = 411).

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.
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Here 54 x 9 is attempted by adding 54 to itself to yield 108 which is in turn added to itself to
yield 216. The child loses control over the process and the answer is an amalgam of 216 +
216 = 432 with 54 simply tagged onto the end as a kind of remainder = 43,254. Again, there
is no understanding of place value, of conventional multiplication methods or the behaviour
of numbers. Since 54 x 10 = 540, 54 x 9 obviously cannot result in 43,254!

In the example above, a learner has attempted to solve the problem 210 ÷ 3 by repeatedly
adding 3 to itself and counting the number of times it has been possible to do so once 210
was reached. However, he/she makes a basic mistake in adding the three to itself (see last
column 201 + 3 = 203 and then 203 + 3 = 208) and, consequently, arrives at 211 instead of
the expected 210. The solution, consequently, could not be counted and the question was
subsequently abandoned. Again, a basic knowledge of the times table makes this a very
simple question indeed.

90

In an attempt to solve the division problem 1,420 ÷ 20 using a conventional whole number
calculation, this learner has somehow divided 20 by 2 and multiplied 14 by 2 as part of the
workings. There is no knowledge here of what the arithmetic operations actually mean and
how numbers behave, you cannot get a higher total when a number is being divided.

Conclusion

The exploratory study has demonstrated that the very poor performance of South African
learners reported in the studies reviewed in Chapter Two is confirmed in the reviewed studies
and there is no evidence of improvement in learner performance at primary schools.

It has also provided both quantitative and qualitative evidence that this poor performance is
caused, in the immediate sense, by a national inability of learners to perform calculations.
The majority of problems are solved by the use, to one degree or another, of simplistic premathematical counting methods in a sort of ‘base-one’ number system in which every
number is understood only as the addition or subtraction of another unit to the previous.
Learners do not understand the base-ten number system or the concept of place value and,
consequently, lack the procedural capability to use ‘borrowing’ and ‘carrying’ in their
attempts to solve problems. Learners are unable to rapidly and accurately retrieve any learned
information about numbers.

Counting methods, whether of single units or of whole numbers, typically consume a great
deal of time and generally provide correct answers only to very simple questions that
typically use single digit numbers without fractions.

The next chapter concludes the reporting of the findings of exploratory study of the PMRP
and asks why South African learners use these pre-mathematical problem-solving methods in
the process of obtaining such poor outcomes in mathematics.
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CHAPTER SIX

HOW ARE CHILDREN TAUGHT IN SOUTH AFRICAN CLASSROOMS?

EXPLORATORY STUDY: EVIDENCE FROM LESSON OBSERVATIONS

The obvious place to start when investigating the causes of the problems that we have
discussed in the previous chapters is to ask how children are taught in South African
classrooms.

The data presented in this chapter are based on 1,398 lesson observations and teacher
interviews in both project and control schools in all six of the reviewed studies, along with
half this number of interviews with principals or other members of the SMT. I conducted
only half of these 1,398 observations,27 though all of the lessons presented are my own
recordings and commentary.

These observations and interviews were necessarily chiefly focused on the predicted process
and product outcomes of the interventions that were the subject of the six studies. All of them
also included generic components such as educational context, changes in policy and
practice, changes in approach to schooling and methodology, school, curriculum and
classroom management, and school functionality. This provided an extended opportunity to
not only observe teachers teaching in classrooms but to engage with them after each lesson
about what had been observed.

Each lesson observation allowed the researcher to spend around one third of the research
time28 in unstructured observation to record particularly interesting lessons, or aspects of
lessons, and to further investigate issues that seemed worth following up by looking at learner
workbooks, talking informally to learners or teachers, scrutinizing and comparing
curriculum/planning/lesson documentation, and so on. This sort of field research is strongly
qualitative. The information we need to understand the phenomenon under study, the
27

Each of the six studies used two researchers for the six studies – always myself plus one of the senior ESA
associate researchers. Unlike learner testing or even survey-type research, lesson observations, along with
participant interviews, and the collection of qualitative information requires skilled and experienced researchers
who are themselves educationalists.
28
Typically one hour for the lesson observation and 45 minutes to 1 hour for the teacher interview.
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relationship between the failure of learners to successfully learn the fundamentals of
mathematics and the classroom instruction they routinely receive, is fundamentally
qualitative and that determines the use of fundamentally qualitative methods to collect it in
the first instance.
This does not mean that no attempt to provide ‘quantified-qualitative’ data from these
interviews and observations was made but to note that that form of data deals only with
information that can be usefully quantitatively recorded and analysed. They are chiefly based
on attitudinal responses along with a variety of rankings of different processes, inputs,
behaviours, and so on. See Appendix 3 for an example of the ‘generic’ sections of the data
collection schedules that were used during this research.
The more complex and abstract issues of perceptions by teachers of the required ‘operational’
behaviours in classrooms, linkages between the curriculum and the classroom, understanding
of methodological usages, the nature of instruction, how learners learn, and so on, cannot be
so easily reduced to numbers without losing much of the formative and illuminative value of
the data to the investigation of agency, process and causation.

The selection of these observations from the 1,398 available to the study has been anything
but random. They have been deliberately and purposively selected because they so clearly
relate what learners ‘do/don’t-do’ when solving problems to how they are ‘taught/not-taught’
in classrooms.

We were able to provide quantitative tabulations of the types and frequencies of methods
leaners use to solve problems in the previous chapter. We were, therefore, able to present
reliable evidence that the illustrative scans presented in that chapter were representative of
the actual methods the majority of learners use in South African classrooms. It was not so
easy to do the same with the observational data without generating categories that were either
too simplistic, or too abstract, or too exclusive, to have much useful descriptive or analytical
power in the quantitative sense. That means that we are left with no reliable quantitative data
on the frequency of the types of teaching and learning behaviours that are the subject of this
chapter. Are the selected observations unrepresentative and simply ‘cherry -picked’ to
support a researcher ‘theology’ (Dubin, 1969) or can they be taken to be ‘sufficiently
representative’ of the sorts of lessons presented in classrooms over the study period?
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It might be said that these observations simply prove that there are ‘bad’ teachers, or that
some teachers do not understand how to use the ‘new methodology’, good in itself, in the
classroom. It might also be said that some of the observations reflect an inadequate
understanding of the content by the teacher him/herself. I would certainly not dispute any of
these statements per se. Some teachers are indeed ‘bad’ teachers who would be unable to
apply effectively any methodological usages that, in other hands and at a different stage of
learner understanding, could be useful, others have clearly not mastered the content of the
subjects they are teaching. The point, however, is that we are primarily interested in the most
common ‘things that went on’ in classrooms across the country during the exploratory review
period and why teachers did them, not so much whether they did them well or not, in order to
investigate the educational context at a classroom level within which the outcomes described
in Chapters 2, 4 and 5 were obtained.

Some teachers do display a limited interest in their profession and present lessons with little
conscious attention or commitment to either content or method, chiefly because they ‘have
to’ after a researcher has arrived at the school for a visit, albeit pre-arranged. In these cases it
was patently obvious that the teacher had not in fact prepared anything at all for that day. One
can safely assume that their routine teaching must be minimal indeed if this is the best they
are prepared/able to present when they know that a researcher observer will be in the
classroom. 29 Since it was already obvious why their learners were performing so poorly, we
would learn nothing useful from the lessons of this sort of teacher and none of them are
reported here. The consequence is that all of the observations that follow were presented by
teachers with positive attitudes who were genuinely trying to work effectively in the
classroom and remained engaged with learners, in one way or another, throughout the lesson.

Regular on-going field moderation, as well as the quantified data that was collected,
confirmed that both researchers in each study were obtaining much the same qualitative data
and noted that, besides consistent observations of types of behavioural practices, participant
explanations and comments about learning theory, curriculum management, classroom
methodology, and so on, were typically phrased in the same general terminology and

29

The classwork books of the learners taught by this kind of teacher consistently confirm that very little written
work of any kind is completed throughout the year and then only of the simplest possible nature; the teachers
themselves frequently take cell phone calls, mark piles of learner books or simply disappear during lessons.
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expressed similar beliefs and understandings. 30 This is true not only of the observations and
interviews conducted for the six studies reviewed during Phase I of the PMRP but, more
broadly speaking, of the large majority of the 5,175 lesson observations and teacher
interviews conducted through ESA since 1997 that are reported in Chapter 1.

The observations are presented in an ethnographic format largely as they were originally
reported in the source studies31, given some language editing to make them more
comprehensible. A commentary is added to each observation to more explicitly locate it in
the developing and cumulative stream of information and evidence of different kinds that was
the purpose of the exploratory phase I of the research programme.

Although the majority of the observations were in mathematics classes, a few from either
English or science have been included because the national context is one of systemic change
in curriculum and methodology; the underlying principles in practice are evident during
lessons in any subject, not just mathematics. The evidence is that these lessons are typical of
the sort of education learners were receiving over the period that their performance was so
poor. Whether the understandings and behaviours they describe are what were intended by
curriculum theorists or not, the subject of the following chapter, they have become a familiar
reality in South African classrooms. The composite and consistent picture that emerges
provides a compelling answer to the ‘why’ of the learner performance that we have reviewed
in previous chapters and brings the exploratory phase I of the PMRP to a close.

There are ten observations in all. The first eight reflect a poor instructional experience for the
learners while the last two reflect a more ordered and productive instructional approach. This
ratio is probably reasonably representative of the general ratio of ‘bad’ to ‘good’ across all of
the 1,398 observations.

30

Phrases like: learn on their own, teach each other, facilitate not teach, no rote learning, no spoon feeding, no
learner fails, learn at their own pace, learners must be active, facilitate their learning, discover in groups, and
so on, assumed near-universal currency in both INSET programmes and interviews with teachers and
departmental officials across the country.
31
This explains why they are in different formats and styles. These observations have not been re-drafted
according to a standardized format - to preserve the primary nature of the information they contain.
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Observation One: Grade 6: Mathematics: Multiplication
This extract explicitly illustrates the relationship between the methods used by learners to
solve problems and the explanations provided by teachers in the classroom, especially in
terms of the understanding of the behaviour of numbers in a ‘base-one’ system. It also
illustrates the sheer quantity of short term cognitive processing required of learners in what is
supposed to be a learner-centred method aimed at the understanding of multiplication.
If you are asked 15 times 4 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 – six times) + (11111111111111111111 – twice)
Counts units = 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
The specific content of the lesson, the multiplication of one digit by two digits, refers to a
Grade 3 assessment standard of the NC. These learners are being taught at a conceptual level
three grades lower than what is envisaged by our national curriculum.
In terms of the methodology of the lesson, the teacher progressively ‘simplifies’ the problem
by starting with expanded notation and from there reduces the multiplication to a problem in
repeated addition. She continues simplifying by reducing the whole numbers in repeated
addition to single units in groups. After that, counting the solution unit by unit becomes
possible.

The process becomes ever more visually complicated as the explanation is developed until
the whole 60 minute lesson is consumed and the entire chalk board is filled with the
explanation of a very simple arithmetic problem. A method intended to make the process
understandable and accessible to learners instead mystifies it by overwhelming learners with
a huge quantity of detail presented on the absolutely micro conceptual (single unit) level.
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Operationally, the sheer number of unit markings makes correct layout and tallying a difficult
business requiring sustained and narrowly focussed attention. The first group to report
reproduced the ‘method’ correctly but still arrived at an incorrect total. The method is so time
consuming that a whole lesson can be taken up working on only one or two simple problems.
Watching lessons like this unavoidably suggests that learners are more likely to learn nothing
at all than they are to discover the nature and use of multiplication.
Observation Two: Grade 5: Mathematics: Measurement
This observation is presented not only because it presents a sort of ‘full-house’ of an OBEtype lesson but also because it included the presence of a district departmental official who
had participated in the in-service training (INSET) that had been received by the teacher. The
teacher was clearly very conscious of this official and was just as clearly trying very hard to
present a ‘good’ lesson according to the INSET he had received. This is an important variable
to consider; the teacher was presenting what he understood to be ‘best’ and ‘approved’
methodology and, as such, provides a fertile observational source of what is understood to be
‘best practice’.

Unusually, a lesson plan was immediately provided, presumably because of the presence of
this official. However, the existence of the lesson plan reveals how little real conceptual or
methodological planning can go into the presentation of a lesson.

Lesson plan
Topic: Measurement
Step 1: What do I want the outcomes of the learning unit to be?
(1) Comparing the lengths
(2) Estimation
(3) Drawing lines using ruler
Step 2: How will I know if my learners have achieved the outcome?
The Learners will be able to compare the difference of the lines
Step 3: How and what will I teach in order to assist learners in achieving the outcome?
(1) Worksheet
(2) Ruler and compass
Step 4: How should I assess?
(1) Pear (sic) assessment
(2) Individual assessment
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Lesson
Pupils are seated in groups of 6, teacher hands out worksheet on which 5 lines of different
lengths are drawn. Next to the lines are two columns, one headed ‘estimation’ and one
headed ‘measurement’. Pupils are instructed to fill in the estimated and measured length for
each line. Very few pupils have rulers - parents will not buy rulers for their children - and
teacher must hand them out – 2/3 per group of 6 pupils.
None of the groups make any effort to estimate; all of them measure the line and fill the
same number in both columns. In none of the groups are all of the pupils occupied with the
task – ½ to 2/3 at most - while the rest look passively on or chat amongst themselves. The
class becomes progressively noisier and the pupils appear to have little idea of what to do or
how to do it. The teacher does not provide any content input nor call the whole class to
attention to explain the task or how to do it but circulates from group to group to do so.
[20 minutes] Teacher stops exercise and asks groups to report back. After 3 of the 6 groups
have done so it is evident that none of them have estimated at all but have simply filled in
the same number in both columns. Further, none of the measurements were correct. The
teacher makes no mention of estimation, but writes the (incorrect) answers on the board with
no comment and tells pupils that they probably did not realize that measurements should be
taken from the 0 on the ruler, rather than from its physical end point. None of the pupils pay
any attention to the report back. Around one third of them copy down the answers. Teacher
makes no comment about this.
[30 minutes] Teacher hands out another worksheet to each group and a metre measure. Each
worksheet lists 2 exercises. The first lists:
 length of classroom
 length of passageway between desks
 width of desk
 height of desk
 length of a step on stair case.
The second lists:
 the height of your friend
 the length of your step
 the distance between the end of your fingers when your arms are spread wide.
Next to each item again appear ‘estimation’ and ‘measurement’ columns.
From the outset, the majority of groups are again largely disengaged from the task – one
group in particular makes no effort to do anything at all, in all of the others the same few
pupils try to carry out the instructions. I estimate that in only 2 of the 6 groups is anything
sensible happening at all. The noise steadily increases as the pupils begin to move around,
into/out of the classroom. The teacher, again, does not call the whole class to order but
circulates from group to group. Only when he is at each group is the attention of pupils
focussed on the task.
[45 minutes] All of the groups (or to be more precise, somewhere between 1 and 3 pupils in
each group) have finished the first item (length of the classroom) of the first exercise. None
of their answers are even vaguely accurate. Teacher records answers on board but makes no
comment:
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200 m
95 m
80 m
230 m
1m
240 m

[65 minutes] None of the groups have finished all five measurements of the first exercise. By
now all semblance of meaningful learning activity has disappeared. Pupils are milling
around the class, the noise is extraordinary and around a third of the pupils are running up
and down the outside staircase – ‘measuring the step’ - squealing and giggling loudly. The
teacher makes no attempt to bring pupils to order.
A random check of the group answers resulted in the following figures:
 width of classroom: 500 m, 475 m
 length passageway: 2 100 m, 190 m
 height of step: 180 m, 100 m
 width of desk: 200 m, 148 m
 height of desk: 75 m, 800 m
[75 minutes] Only 2 of the 6 groups have reached the second exercise. At no stage has the
teacher indicated whether any answers are correct or incorrect, provided any input on
measuring or reading a ruler. Teacher finally decides to end the lesson, no homework is
given and no summary of the exercise is provided.
A district official has been in the class since soon after it commenced. I ask what the DoE
thinks of lessons like this. The official replies This is wonderful, the learners are so active,
they are so free, and the facilitator is simply guiding their learning. There is no rote memory
or copying from the board, they are all working in groups. This is OBE. The official
appeared not to notice that all of the answers were wildly incorrect, that the pupils plainly
had no idea whatsoever of how to use a ruler or a metre measure, or what was the difference
between a centimetre, metre and kilometre and that none of them understood the difference
between ‘estimate’ and ‘measure’.
When asked, the teacher agreed that the pupils did not know about measures but that they
would learn about them in time as he would give them opportunity to do so. When asked
why he did not actually first teach them about measures or about using a ruler he replied that
the new system demanded that children learn about things themselves, and that teachers
should merely give them the opportunity to learn. Only in this way could children
understand and remember what they had learned. If they memorized they would just forget.
There was virtually no instruction provided by this teacher other than pointing out once well
after the lesson started that measurements should be taken from the 0 on the ruler. True
enough, but hopelessly inadequate for the learners to understand what was happening or to
perform any of the required tasks. The relationship between the numbers on the ruler and
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their meaning in terms of millimetres and centimetres was evidently only dimly understood
by a small handful of the learners.

None of the learners understood how to use a short ruler repeatedly to arrive at a sensible
measurement of larger spaces/things and their answers were so wildly incorrect that it was
obvious that none of them really understood what a measurement like 500 metres meant in
reality. When they did try to add repeated ruler-measures to get a greater length they were
severely handicapped by doing so through unit counting. Since they did not understand what
a correct measurement was, nor how to take one, the learners were unable to comprehend the
concept of an estimation at all.

What direct teacher instruction did take place was always ad hoc and directed only to a
specific limited issue experienced by the members of only one of the groups, usually to do
with the methodological form of the lesson, while the rest of the class heard nothing of what
was being ‘taught’ to other groups at any one time - a sort of ‘balkanization’ of the already
very limited teacher guidance that was provided. Only at the beginning of the lesson did the
teacher address the whole class at any length and then only to explain the methodological
form of the lesson. The information about where to start measuring on a ruler was provided
only after 20 minutes had elapsed and, though also directed to the whole class, occupied no
more than a minute at most. At no stage of the lesson did the teacher indicate if any of the
answers arrived at by learners was correct or not and there was no attempt of any kind to
provide corrective feedback to guide learning.

Even if unintended, the almost exclusive use of group work was one of the most common
outcomes of the training teachers received during the introduction of C2005.32 While it is true
that many so-called group lessons were, in fact, whole-class lessons during which desks and
chairs were simply differently arranged, the belief that group work was compulsory and that
classrooms should never be arranged in conventional rows of desks and chairs became an
enduring article of faith for the majority of teachers and local-level department officials after
1998.
32

All of the observational data sets on which the exploratory phase was based, along with the rest of the
reported ESA studies, contained a quantified estimation of the lesson time spent in groups confirming the
widespread and increasing use of group work from 1998, especially if we consider group seating arrangements
as the indicator. Using a more complex indicator like the degree of integration of content with a group structure
in teaching is much more difficult to score consistently. Nonetheless, the point is that group work, however
understood, became the perceived normative standard for classroom instruction.
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The conventional theory underpinning this belief is that learner-centred, discovery-based
learning and active learning in groups will enable learners to comprehend new concepts, as
against rote-learning them, through joint cooperative exploration of novel situations supplied
with stimulus material. Nothing could have been further from the truth during this lesson.

It was striking how much activity and conversation took place during the lesson, even if the
bulk of it was entirely misdirected. The impression was of a continual jumbled flurry of
sound and movement and it was very difficult to understand how any learner could
concentrate on the tasks at hand with any degree of sustained attention and few made any
attempt to do so. Effectively, the learners were asked to do things they evidently had not been
taught to do and, consequently, the interminable sets of ‘measurement’ activities did not
begin to resemble structured practice of newly learned concepts and skills. Nothing had, in
fact, been taught and so there was nothing, in turn, to practice. By adopting the forms of what
was understood to be OBE methodology, it appeared that the teacher assumed that the
learners would somehow ‘discover’ the meaning, procedures and facts of measurement. I
have no doubt the majority of learners thoroughly enjoyed the lesson but it was impossible to
conclude that any of them had learned anything at all.

The enthusiastic endorsement of the district official was clear evidence that this form of
lesson was exactly what was contemplated during INSET for this (provincial) programme.
The explanations and comments provided by the teacher were clearly derived from what he
understood to be required of classroom teachers under the new dispensation and were typical
of hundreds, if not thousands, of similar comments by teachers made throughout the years
since 1998.

Observation Three: Grades 5 & 6: Science: Energy Value of Food
When teachers become absorbed in using and dealing with a complicated methodological
exercise like asking groups to find information about a specific topic from a variety of
sources and summarize it in tabular form followed by an analysis of the data, content or even
practice of skills, can become secondary to the exercise itself. In this lesson, the teacher
concentrates on the logistics and process of the group work lesson to the point where the
content is incidental and less important than just getting through the methodological process.
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Teacher introduces lesson by asking pupils to discuss what they had for breakfast (mainly
bread and coffee)
T: Why do we eat food? Discuss it in your groups
After some time pupils are asked to answer:
P: Or we will be hungry
P: To fill our stomach
P: To get power
T: Yes, you are all correct, but this answer ‘to get power’ is very good. And do you know how
you can find out how much power different foods have?
P: Chorus: No
T: We will learn how to do it. But first, instead of power, we use the word ‘energy’ Pupils
asked to repeat energy a few times. Hands out boxes of common household foods; cornflakes,
biscuits etc. Look where it says ‘nutritional information’ on the box and there you will find
energy measured in kilojoules. Kilojoules are how we measure heat like we use kilometres to
measure distance.
This is the only explanation of both energy and kilojoules given throughout the lesson. From
here on groups were asked to find the energy value of five foods and tabulate them. Right
from the beginning the teacher confused the issue by telling pupils that energy is measured in
kilojoules per 100 kilojoules, and headed her own table on the board in this fashion. The
mistake was neither noticed nor corrected throughout the lesson – evidence that the teaching
and learning of subject content was not the real point of the lesson; methodology was the
point!
The majority of pupils appeared (understandably) confused by the introduction and the
minimal preparation they were given for the task they were to complete. It took continual
circulating by the teacher to group after group before pupils could actually find nutritional
information and copy down the number next to energy. As groups slowly finished finding the
figures, the process of drawing up the tables began. Again it was obvious that pupils had little
idea of how to do so and the teacher again circulated from group to group showing them how
to do so. The lesson became completely detached from the content with which it was dealing
because the teacher provided no actual instruction at all. By the end of the lesson, the pupils
were able (eventually) to transfer a number, once it was pointed out to them, from a box or
carton into their books, but they did not know what the number meant.
It is reasonable to assume that the content of the lesson would have occupied quite a few
pages in a conventional textbook, with plenty of examples and sets of practice exercises in
the different sub-topics and relationships between them, and have required a number of
lessons to complete. However, in this one lesson the teacher provided virtually no instruction
of what any of the lesson content actually meant, or of the interpretation or construction of
tables, instead becoming absorbed in trying to make the methodology work, essentially
‘putting the cart before the horse’. Like the previous lesson reported, learners are asked to do
things that they have not been taught to do as the methodology is implicitly supposed to result
in cooperative investigation of the content resulting in ‘discovery learning’.
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The underlying exercise could be presented usefully as a piece of applied practice, or
extension into data handling, but only after learners have learned and mastered the
fundamental concepts and operational skills that are required to do so. It is clearly not a way
to teach new knowledge and skills because the methodology gets in the way of the
teaching/learning and learners appear to learn, or discover, very little through this activity for
its own sake.
These last two observations suggest that learners can be ‘deluged’ with too much
misunderstood content information, methodological instructions, applied activities and the
sheer level of movement and noise to expect them to engage with lesson content as
individuals to any significant degree. This is especially true when a methodological form
intended to convey the content instead becomes an exercise in its own right, and for its own
sake.

Observation Four: Grade 5: Science: Evaporation
This observation provides a particularly clear example of how the ‘automatic’ use of active
and discovery-based methods by teachers, with an emphasis on questioning as the preferred
mode of interaction with the learners in groups, can produce lessons that are minimal indeed.
Teacher divided class into 8 groups and gave each an empty saucer and a glass of water. He
then divided the whole class in 2 halves of 4 groups each, calling one Group A and the other
Group B. Each group was told to put a small quantity of water onto their plates.
T: Everyone in Group B take your book and fan the water. Group A must watch what they are
doing and observe what is happening.
Pupils in Group B fan frantically. Members of both groups giggle progressively louder.
T: You are lazy to fan. Faster.
Teacher stopped the class after 10 minutes of fanning and told them to look at the saucers to
see if there had been any change in the water level. (In fact, there was no evident difference)
P: Half yes, half no. (Now almost completely disengaged from exercise, noise steadily rising
as pupils chat amongst themselves)
T: Well, this is called evaporation. What happened to the water while they were fanning?
P: It was moving
T: Yes, from what was it moving?
P: Selected from those waving hands: The air makes it to move
T: Yes, the air makes it to move and the wind is the moving air. The water has become less
because of evaporation. Now what else makes water to evaporate?
P: Appear bemused
Teacher tells class that wind and heat both cause evaporation
T: Let us see about heat. Group A take your saucers outside and put them in the sun. Group B
must go and watch what happens.
10 minutes later nothing at all has happened. Essentially 22 children watched 22 other
children watching water evaporate - but not enough for anyone to notice.
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The minimal nature of the lesson, despite the fact that the teacher really tried to make the
methodology work, is so readily evident that comment is rendered virtually superfluous. If
the learners had some prior understanding of evaporation (i.e. had been taught about
evaporation), the lesson may have made some sort of sense as an ‘experiment’. What happens
to water, for example, when it is left in a saucer for some reasonably extended period? (Not
for 10 minutes!) Or how long does it take for the water to evaporate, given different
quantities of water, and so on. This sort of observational exercise per se is obviously of value
in terms of simple observation and data collection in ‘doing science’ but it very clearly is an
almost completely inadequate way of introducing learners to new knowledge; itself once
again barely mentioned throughout the lesson.

Observation Five: Grade 6: Mathematics: Graphs
This observation records a lesson based directly on an ‘exemplar’ activity provided to
teachers during the INSET provided as part of a (multi-provincial) development programme.
These materials are very useful for qualitative observations, they provide an operationalized
‘authorized version’ of what was intended to be the preferred methodological practices to be
used in classrooms when presenting the content described in the curriculum. As such, they
are the ‘official’ versions of the means through which the ends, the learning of content, were
to be achieved.

In observational terms, the lesson provides another example of the primary emphasis placed
on a methodological form, facilitated by the teacher, in which content matter and operational
competence/skill is accorded much less direct attention. It is implicitly assumed that content
will be discovered by the learners through cooperative exploration facilitated by the form
itself. It also again demonstrates how much lesson time is absorbed in activity, itself
performed painfully slowly by learners, for its own sake; the content exists as a sort of
incidental hook on which to hang the activity.
Pupils seated in groups. Instructed to tell ‘scriber’ in each group how many glasses of water
they had drunk from Monday to Thursday and then add the figures to get a group total for
each day. Teacher writes 5 questions on board: How many glasses did your group drink on
Monday? On which day did you drink the most? Why did you drink this much? On which day
did you drink the least? Why?
[17 minutes] Some groups still copying questions from board. Teacher stops class and
ensures all, at least, have listed the numbers of glasses for each day. Groups that have
finished are asked to report. None of the groups pay any attention to the reporting groups
and, within each group few members pay attention. All of the why answers were simply
because we were thirsty and because we were not thirsty (Obviously! Why ask children why
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they do/don’t drink water? Waste of time ploughing through the groups to get the same
answers over and over.)
[30 minutes] Teacher distributes large sheets of paper, pupils instructed to draw a graph to
record how many glasses they drank on each day of the week. Draws example on board – 4
different size columns for each day – draws rough gridlines (no measurement) Now, listen
well, see these lines are 10 apart, this one is 10 and this one is 20, do you see?
P: All: Yes
T: So in that way we show how many glasses was drunk on each day. Each line shows 10 or
20 or 30 or 40 or 50. Points to each line in succession. You must use these lines to show how
many glasses you drink by drawing a column for each day. Are we together?
P: All: Yes
[34 minutes] Groups instructed to draw their graphs. Noise level immediately rises, few
pupils participate, only a couple in each group work.
[44 minutes] First group finishes ruling up border of graph and begins ruling grid lines.
Immediately evident that none of the groups have understood the (minimal) explanation of a
scale. One group has intervals of 18, 20, 34, 41, 44, 58 and 59 at equal intervals, another has
simply laboriously copied the mm and cm divisions on their ruler (at least usable), another
has intervals of 28, 30, 31, 39, 43, 46 and 50.
[60 minutes] Lesson ends, none of the groups have completed graphs.
The teacher circulated constantly from group to group trying constantly to correct
inaccuracies but there is so little pupil understanding of graphs and scales that she lands up
completely redoing the groups’ work – this takes time and she cannot get to every group.
When asked why she did not stop the lesson and teach the whole class when it was evident
that pupils could not handle the task, and teach the whole class, she replied that the new
method was for children to discover what a graph was through experience in groups and
that the teacher is a facilitator who guides the learners.
The only direct content instruction of the class by the teacher – an example of the vertical and
horizontal axis of a graph – was provided only after half of the lesson was already over and
lasted for a total of four minutes. In addition, the example was drawn by hand and no use was
made of the board ruler to measure the intervals. An illustration of the outcome of the lesson
for one of the groups shows the consequences of this minimal level of direct instruction of
content by a teacher.
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The intervals are
numbered from the
bottom of the page as:
28
30
31
39
43
46
50

The point of the exercise was to construct a bar graph comparing the relative number of
glasses of water for each of seven learners. While the information is recorded, it is in no more
useful form than the original list of numbers and it has been recorded in place of what should
be the scale/interval markers of the Y axis. Even then, there is no understanding of scale and
the five lower lines are (more or less) equally spaced but refer to intervals of 2, 1, 8 and 4. It
is obvious that the learners have no understanding of what a graph is or how it is constructed.

Given the example provided by the teacher, what they do have is some idea of what a graph,
more or less, might look like. The only use made of the ruler throughout the construction of
the ‘graph’ was to draw the straight lines. In this lesson, at least, it is obvious that the
objective of the methodological form for children to discover what a graph was through
experience in groups was nowhere near being achieved; if anything, the opposite was true.

Observation Six: Grade 5: Mathematics: Solving Word Problems
This observation, again, is of a lesson based on exemplar materials provided during INSET,
this time in another province.

When questioning is used virtually exclusively as the mode of interaction of a teacher with
his/her learners, the consequence is that the teacher provides very little content instruction
and that pupils who do not understand the content seldom have anything explained to them.
This is especially true in an extreme form when teachers believe that 'nobody is ever wrong'.
The idea seems to be that pupils either somehow already know the answer, or can discover it
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by discussion within the group. The practice makes classes very slow, especially when group
report after group report is required.
Before the lesson commenced the teacher had copied a passage from XYZ materials onto the
board. The pupils were told that they would have to solve a number of problems that would
be based on the passage: On Friday, 17th October, Wellsville High held their annual harvest
dance. They have 248 students and they planned on serving 2 drinks to each person. Each
student was supposed to bring a dozen cookies. The dance started at 9.30 p.m. and they
planned on having a breakfast afterwards. The band cost R103 an hour. Admission was R2
for a single and R3 for a double.
The teacher first carefully ensured that pupils understood the language/meaning of the
passage. This done, he wrote the first problem on the board: If 74 couples attended the dance
along with 89 other students how many students did not attend the dance? The pupils, seated
in groups of six, were asked to work together to solve the problem. On average between one
and three pupils actually work. In one group of seven, two pupils work on the problem,
making individual marks to denote units while two chat, one draws a picture, and two sit
silently and watch.
[14 minutes] Teacher becomes frustrated by slow pace (nobody has finished). Come now.
They expected to have 248 students at the dance but only some 74 couples – remember that
we said that a couple is 2 students - and 89 single students did attend the dance. So you must
subtract the number who did attend from the number they expected, 248, to find out how
many did not attend. Do you all understand this?
Pupils chorus Yes
[28 minutes] First group finishes and indicate that they have the answer. They are asked to
report to the class. The pupil who has done most of the work comes forward and writes 248
– 89 = 159 - as he finishes the class applauds him. (Correct answer is 11)
T: Any other group?
P: Silence
T: Any different answers?
P: Silence
T: So do we all agree on 159 students did not attend?
P: Chorus: Yes
Teacher makes no comment, writes second problem: If R2 admission was charged for a
single student and R3 for a couple, how much money did the school raise?
[41 minutes] Process repeated, again few in groups actually engaged with task, all visible
calculations based on counting unit marks a number of times: first group gives answer as 74
x 3 = R22.20. Teacher asks another group to help complete it: R22.20 + (89 x R2 = R 16,80)
= R39,00 (Correct answer is R400)
Third problem: How many drinks were served?: 89 ÷ 2 = 44 (correct answer is 474)
Fourth problem: How many cookies were brought to the dance?:
89
x 12
178
890
898 (Correct answer is 2,844)
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Fifth problem: If the dance ended at 12.30 a.m. how much did the band get paid?
R103
x 15
605
103
R608 (Correct answer is R309)
[90 minutes – end of lesson] Not one answer has been correct throughout the lesson So it is
evident that pupils cannot handle even simplest arithmetic operation, even less can they
extract the required operation from the word problems. By the end of the class virtually
nobody was paying attention to the tasks at hand and ignored reports which were simply a
dialogue between one pupil at a time and the teacher. At no time did the teacher provide any
input or even indicate whether the answers were correct or not.
It was very difficult indeed to believe that learning of any kind had taken place during the 90
minute lesson. When asked why he did not indicate if answers were correct or not the teacher
replied that in OBE there are no wrong answers and that pupils would be guided in the next
lesson when he would give them number charts. Asked if this was not simply a substitute for
simply learning the times tables he replied that pupils do not understand what they have
memorized, and for this reason memorization is not used in OBE. Asked why the first
group/learner to provide an answer (28 minutes) was applauded even though the answer was
wrong, he said the group/learner was given recognition for trying and that it does not matter
that the answer was wrong.
Most of the qualitative themes emerging from this chapter are evident in this lesson. The
teacher tries really hard to make the lesson work but the methodological form overwhelms
the content with which it deals. Virtually no direct content instruction is provided, learners
cannot perform any calculations correctly, incorrect answers are not identified as such, and
all forms of memorization are avoided - all explicitly identified by the teacher as what he
understood to be the requirements of OBE.

This observation also provided some useful information about learner dynamics during group
work. Typically only a few learners in any one group actually do any of the
adding/calculating/discussing/recording, etc. and very often those that do, devolve into pairs.
The mixed-ability nature of most larger groups, not only inevitable given the comparative
data reviewed in Chapter 2 but typically actively advocated by INSET trainers, means that
only a few learners are actually capable of carrying out the required calculations/procedures.
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Most members of groups spend most of their time watching these few learners. 33 As a result,
they tend to become bored or distracted and most eventually disengage from the productive
activity of the group. The noise and movement level increases and those few learners who
continue to work on the problem must now do so in a distracting semi-chaotic environment.

If nothing else, this suggests that group work is best carried out under a much higher degree
of teacher control in similar-ability groups with a restricted number of members, perhaps four
at most. More speculatively, these sorts of observations, and there have been many of them,
suggest that, in practice, learners learn best, and can most easily concentrate fully on the task
at hand, as individuals who have access to one other friend/learner who is of similar ability.
When watching these pairs of learners at work34 one is struck by the variety of the unforced
interactions between them. At the one extreme, some work almost entirely as individuals and
seldom consult each other, most often to check totals or other finished items. At the other
extreme, some pairs work together almost completely and solve each step of each problem
together with each learner correcting/confirming the other interchangeably as they go along.
This is not to say that they always get the correct answers but that they are more likely to
appear to be engaged cognitively with the content of the lesson and to be trying to solve the
problems with which they are posed.

Observation Seven: Grade 4: Mathematics: Fractions
When teachers believe that in OBE there are no wrong answers and base their teaching
largely on questioning, they can make confusing, and spend a disproportionate amount of
time on, concepts which are extraordinarily simple in reality.

In this lesson the teacher started by asking the class how many quarters there are in a half.
The very first pupil she asked answered two correctly but she then asked the rest of the class
whether they agreed with this answer. Most answered yes but a few responded with a no. She
then asked around 15 pupils, one after the other, what they thought was the correct answer.

33

Hence the saying that classroom groups are like taxis: one driver plus assistant with the rest as passengers.
Some cynical humourists go so far as to argue that whole schools are like taxis and some learners can be
conveyed, hidden within their group, all the way from Grade 1 to Grade 11 without actually doing very much at
all. Only in Grade 12 does the fare become payable.
34
Being able to so is one of the pleasures of unstructured research time allowing researchers to follow an
interesting line of qualitative investigation that appears spontaneously from within the observation.
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The longer the exercise went on, the more irrational the pupil responses became: 12, 18, 5,
etc. Finally, she asked the pupils to discuss the answer in their groups. The teacher ‘cued’ the
pupils to suspect that two could not be the correct answer because she believed that learners
should not be told that they are wrong or, as a necessary consequence in this case, correct. A
perfectly simple concept, and one which was immediately obvious to the bulk of the class,
had been rendered mystifying to the pupils who lost all direction during the no less than 20
minutes that it took to complete this process.

Observation Eight: Grade 7: Mathematics: Data handling
In this lesson, learners were asked to discuss in groups the different ways in which land was
used in their own local area, to list the percentages of each usage and to draw a pie graph
depicting their relative proportions. Each group was given a copy of a pie graph showing the
land usage for an area of land.

The graph produced by the first group to finish (after almost an hour) was completely
confused. Lines were drawn at random without any discernible relation of any kind to the
numbers they represented and the numbers themselves were devoid of any meaning.

houses 45%
rivers 15%

farming 25%
mountains 20%

fertile 25%
schools 20%

shops 25%
roads 10%

clinics 25%

Here we see an exercise that, given the appropriate prior content instruction over a number of
lessons, could have provided a useful opportunity for the practice, application and integration
of already-learned content. This teacher did try very hard to make the lesson work but was
clearly frustrated by its end and aware that very little had been learned.

After confessing his frustration, he was asked if he had spent any time before the lesson
reviewing with learners the concepts of estimation, drawing pie graphs, possible categories of
land use in their area, and so on, not to mention the meaning of 100%! He replied that he had
been trained not to do so because; In the new system. we must teach children by making them
do the things we are teaching them about. Only in this way will they understand. It is the old
system to tell them or to teach them, that is just spoon feeding and they are just memorizing.
They are not learning.

110

The response, and the frustration, of this teacher would not be considered unusual in most
South African schools and it clearly expresses some of the fundamental methodological
assumptions, or misunderstandings of the assumptions depending upon to whom one is
talking, of the new curriculum.

The last two observations reported show that there are exceptions to this picture of the
minimal nature of the schooling learners received over the period reviewed and that they are
sometimes found in unexpected places and can be presented under difficult circumstances
indeed.

Observation Nine: Grade 7: English: Grammar
In this observation, a young teacher with only one completed year of experience presented a
very creditable language lesson in a remote rural Ngqeleni school in the former-Transkei. The
learners were crowded into a small wattle-and-daub hut with a dung and mud floor and
thatched roof. Few had shoes and some were dressed in tatters. In terms of basic educational
resources, none had text books though all had been supplied with pencils and stationery. A
small piece of chalkboard was propped on a chair against one wall.

The class had already completed a number of grammar lessons as well as lessons on the use
of the Active voice. Learner classwork books had many completed pages of exercises – neat,
all marked and corrected.
The teacher introduced the Passive voice - there are two ways of saying the same thing and
you need to know this so you can understand when you must use English. The teacher wrote
‘Mary shot the buck’ on the board.
T: You know this sentence, what voice is it?
P: Most - Active voice
T: Good. Who shot the buck?
P: Most - Mary
T: And what did she shoot?
P: All - The buck
T: And in this little sentence what is the verb? What is a verb, by the way?
P: Selected from sea of waving hands - a verb is the doing, it is what is happening, it is shot
T: Good. Now you already know that we call this sentence the Active voice because the
subject, which is Mary, is the doer, she is the one who does the shooting, she is the doer of
the verb.
Writes ‘The buck was shot by Pam’
You see, the same thing is happening Pam is still shooting the buck, or we can also say ‘the
buck is being shot by Pam’ it is the same, do you see?
P: Chorus - Yes
T: So, in the Passive voice all that happens is that you start with the object. What is an
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object, by the way?
P: Selected: it is what the verb happens to, the subject, does it to this one, the object.
T: Good. So let us see what has happened in this sentence ‘The buck was shot by Pam’
Takes class set-by-step through process of identifying subject, object and verb. Asks pupils
for more examples of sentences in the active voice Writes - Mary feeds the lambs…Mother
cooks the food - leads class through changing both into passive, identifying the parts of
speech, and their relationship. Works hard at assessing whether pupils do understand, asks
lots of individual pupils who don’t wave hands to give answers.
T: Let us practice, do these sentences in your books. You will find that some of them are a
little bit more difficult but just remember about subject, object and verb.
Hands out exercises from “English the Active Way” for Grade 7 photocopied at the district
office the previous month. Moves from child to child to help, all industrious. Sets homework
- complete exercises. No group work – unusually (not enough space anyway) – teacher was
constantly teaching, communicating with the whole class and with individual learners.
The first, and most immediately obvious, feature of this lesson, along with the absence of
group work, is the direct and sustained instruction of content by the teacher culminating in
the repeated practice by individuals of the content that had just been presented. The teacher,
basing herself on a pre-1998 text book as against OBE INSET exemplars, clearly succeeded
in presenting a planned, structured, well organized and paced lesson, based on the revision of
previous work of the whole class and extending from simple examples to explain a concept to
more complex problems in practising using it.

Learners were never asked to do things they had not already been taught to do; the teacher
not only provided plenty of content instruction throughout but made real efforts to assess the
understanding of as many individuals as she could as she went along. She had no problem
keeping the attention and enthusiastic participation of the learners, who seemed to genuinely
enjoy, and understand, the lesson. The written exercises they were given became
progressively more complex and challenging.

Observation Ten: Grade 7: Mathematics: Practice and Revision of Fractions
This lesson was based on a combination of whole class content instruction, group practice of
content presented to the whole class and individual practice on pupil worksheets with each
methodological form occupying around one third of the lesson (± 20 minutes). The teacher
clearly had full and positive control of his class, and was able to switch confidently between
these different methods according to the demands of the topic.
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The lesson started with a revision by the teacher of basic fractions on the board for the whole
class, including ‘snap’ mental arithmetic problems posed to individual pupils. More complex
calculations of fractions using time and money as practical applied references were reviewed
and a number of examples worked out on the board in detail.

Learners were divided into groups and each member was given an advert from a magazine
with a fraction written on the back. Each group member was asked to manipulate the numbers
(calculate a discount and an interest payment) in the advert in terms of the fraction with
which he/she had been provided, and to help each other to do so when necessary. Some of the
problems were quite challenging and pupils were asked to apply their knowledge through
several steps of a calculation rather than simply reproduce specific number facts. There was
quite a lot of discussion and interaction between learners seated next to each other (pairs)
though it was evidently directed to the solution of the problems and was a help, rather than a
hindrance, to the mathematical processing of the children.

This exercise worked very well - partly because the teacher had firm positive control of the
class but, on a more conceptual level, because:


Learners had their own individual problems to solve during the group work session. All
of them related to the same applied concepts of discount and interest, and to the practice
of the same competency of using fractions. Everybody had something to do thus
providing much less space for disengagement of bored observers ensuring, in turn, that
learner interaction was more likely to be directed and productive rather than undirected
and distracting.



The group structure was not the primary purpose of the exercise and was explicitly used
as a secondary support or reference to be used ‘on-demand’ when trying to solve similar
types of problems. Learners were not ‘forced’ into a supposedly communal/cooperative
learning structure, itself with limited and pre-defined roles.35 Instead, learners as
individuals were free to seek and provide assistance in a far more natural, targeted and
productive fashion. They tended to do so almost exclusively in pairs that formed and
dissolved a number of times during the problem-solving/practice session according to the

35

Members of groups are typically allocated roles within the group, e.g. a ‘scriber’ to write down conclusions, a
‘reporter’ to report answers to the class, a ‘helper’ to fetch and distribute materials, a ‘leader’ to keep the group
working together, and so on. Another example of ‘balkanization’, this time of activity.
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self-defined need of each member, sometimes together with the same learner, sometimes
with another.


The groups were self-selected by learners so they tended to be friends and hence
cooperated with each other more easily than if the teacher did the selection, especially if
he/she is consciously trying to ensure mixed-ability groups. The most important
consequence is exactly the opposite; friendship-based groups tend to produce members of
a fairly homogenous ability level.36 This renders ‘cooperative’ learning much more likely
than when one very weak learner copies an answer from another much stronger learner in
a mixed-ability group.

The group work stage of the lesson was concluded by a quick review by the teacher for the
whole class by providing the correct answers and identifying/correcting errors with no
laborious group-by-group ‘report back’.

During the final third of the lesson, photocopied worksheets with ten exercises of more
complex calculations of discount and interest were provided for individual pupils. The class
worked quickly and largely accurately for about 20 minutes. It was obvious that many knew
and had memorized the times tables and basic number bonds, and could retrieve this
information quickly and accurately when applying it to the solution of a number of complex
calculations, each requiring several linked procedural steps.

Those who finished first were given a calculator game as an extension activity. The teacher
circulated constantly throughout the lesson so that I can see which ones understand and those
ones that have trouble. Homework for the class was to correct any errors made throughout
the lesson and, in so doing, show where/why/how they had gone wrong.

These last two observations provided a valuable source of evidence-based information about
the characteristics of what appeared to be an effective classroom-level approach to teaching
and learning. They provide a stark contrast to the methodological and, even if implicitly,
theoretical assumptions about teaching and learning of the great majority of teachers and
department officials developed in the years after the introduction of OBE.

36

In fact, it is possible that these learners already spend time with each other out of school, help each other, do
homework together, have the same interests, etc.
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Conclusions of Exploratory Research

The research for the exploratory study of the PMRP essentially confirms the findings of large
scale national research (NSE) and international comparative studies (MLA, SACMEQ,
TIMSS). The most significant finding is that around 80% of learners in mathematics classes
have not achieved the minimum competence level expected for their respective grade levels
by the national curriculum. There is no convincing evidence that their performance levels
improved over the 1998 to 2007 period. If anything, there is reliable evidence to the contrary,
even in the historically best performing schools.

The exploratory study established that the great majority of South African learners exhibited
severe procedural and operational limitations in the solving of even the simplest
mathematical problems and remained largely dependent on simplistic pre-mathematical
counting methods instead of developing the ability to calculate. This provided a strong, and
obvious, once the data are obtained, explanation for the very poor competency levels
obtained during both large-scale national and international studies, and during the six studies
that were reviewed.

Since the evidence for these conclusions was clearly and demonstrably national in scale and
range, it is logical to assume that the causes of these limitations are also national in scale and
range and, hence, result in these consistent process and product outcomes across the country.
We are not witnessing an idiosyncratic or localized phenomenon, or one caused by very small
groups in unrepresentative samples. Secondly, since the performance data reviewed in
Chapter Two covered the 2000 to 2007 period, and the exploratory study performance data
covered the 1998 to 2004 period, we can be confident that we are not dealing with a transient
aberration. Thirdly, since the data, taken as a whole, reflects the performance of learners
across the primary school levels, especially from Grades 5 to 7, we can be equally confident
that we are not simply witnessing a situation affecting very young learners that can be
expected to disappear as they reach higher grade levels.

Lesson observations provided qualitative evidence that the problem of underperformance was
caused primarily by the application of ineffective learning practices in classrooms.
Specifically, underperformance appeared to result from the discouragement of sustained and
direct instruction of learners by teachers in favour of a more limited role for the teacher as a
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facilitator of ‘discovery’ or ‘active’ learner-centred schooling, along with the virtual
disappearance of memorization, consistent drill and regular extensive practice of newly
learned content. Whatever curriculum planners may have intended, the lesson observations
provide primary evidence of how their theoretical and methodical assumptions have been
interpreted in practice in classrooms around the country since 1998:


Teachers were progressively less likely to directly teach content to learners,
characterizing it as ‘spoon-feeding’, instead believing that learners were to ‘discover’
content through ‘active learning’ as ‘facilitated’ by the teacher.



Teachers were progressively less likely to require learners to memorize content like
number facts and multiplication tables, characterizing it as ‘rote learning’. Memorization
itself became seen to be a wholly negative practice which can never lead to genuine
understanding and competence.



Learners were progressively more likely to be seated in groups and teachers more likely
to attempt to use group work methods as their primary teaching methodology with
learners seldom working alone as individuals for any extended period.



Learners routinely work in a distracting environment comprised of different factors when
dealing with unlearned content knowledge including complex tasks that are not
understood, methodological practices/roles they have to adopt, information that is
provided but not taught or explained, noise and movement by disengaged learners.



Learners are virtually never presented with opportunities to spend significant periods
working on extended sets of exercises to practice newly introduced content. In general,
repetition of any task is discouraged and is characterized as ‘parroting’.



Learners are never ‘wrong’ per se but through discussion and reflection in groups will
arrive at their own methods for solving problems. Many teachers do not take this
perceived injunction entirely seriously, and sensibly so, but the consequences when
teachers do apply the principle religiously are significant.

The data reviewed during the exploratory study has provided a plausible evidence-based
explanation for the continuing levels of underperformance of the majority of South African
school learners in mathematics and has concluded that the cause of these problems should
necessarily be sought in the fundamental theoretical and methodological assumptions of the
OBE curriculum.
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CHAPTER SEVEN

WHY DO TEACHERS DO WHAT THEY DO IN CLASSROOMS?

THE OBE CURRICULUM AND THE CLASSROOM METHODOLOGIES IT HAS
PRODUCED

The exploratory study suggested that the methods learners used to solve problems described
in Chapter 5 could logically be taken to explain the causes of their poor performance on
competency tests described in Chapters 2, 3 and 4. In addition, it suggested that the
methodological forms that were used to teach these learners described in Chapter 6 could be
taken to explain their inability to transcend the pre-mathematical counting methods described
in Chapter 5. The logical next step in an exploratory study is to ask from whence these
methodological forms themselves originated and became consistent practices across the
school system.

Chapter 6 concluded that the obvious place to start looking for a cause to a national
phenomenon that has persisted for an extended period and across the range of primary
schooling was logically the broad transformation of the national school system and of the
curriculum.

The South African Schools Act (1996) and the subsequent introduction of Curriculum 2005
(C2005) in 1998, provided the policy and curriculum scaffolding through which national
educational transformation was to be achieved. Central to this process was Outcomes-Based
Education which provided the theory of teaching and learning underpinning the curriculum.
Internationally, OBE was already used as the basis of the curriculum in countries like
Australia and New Zealand, with variants in other Western countries like the United
Kingdom and the United States of America. Politically and educationally, OBE was seen as a
‘progressive’ theory that had little or nothing in common with the ‘conservative’ or
‘traditional’ education that provided the basis of apartheid-era Christian National schooling.

On the broad policy level, Jansen (1999), in a paper originally published in 1997, identified
the most immediate influence on the decision to opt for an OBE-based curriculum as the
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‘competencies’ debate in Australia and New Zealand which, through discussion around
training and development within COSATU, ultimately crystallized in this country in the form
of the National Qualifications Framework (NQF). The resulting integration of training and
education extended the notion of ‘competencies’ to the education system where it was framed
as ‘outcomes’.

In educational terms, William Spady (2008), an American sociologist and a leading
international proponent of OBE, visited South Africa in 1997 to present a series of lectures
and was one of the most important international influences on educationalists at that time.
Spady rejects the very notion of a content-based curriculum, arguing that it leads to virtually
meaningless micro-memorization outcomes, but is not optimistic about the ability of any real
education system’s ability to adopt ‘true’ OBE because of the enormity of the task.

And an enormous task it proved to be! Early criticisms of C2005 lead the minister in 2000 to
appoint a review committee to make recommendations around the curriculum. This resulted
in 2002 in the Revised National Curriculum Statement (RNCS) now known simply as the
National Curriculum Statement or NCS. Linda Chisholm, who chaired this committee, has
provided a detailed description of the different stakeholders involved, the positions they
adopted and the relative power they exercised over the outcomes of this review. In terms of
its recommendations, the report of the ministerial committee argued that while there was
overwhelming support for the principles of OBE and C2005, its implementation was
confounded by a number of factors:


a skewed curriculum structure and design



lack of alignment between curriculum and assessment policy



inadequate orientation, training and development of teachers



learning support materials that are variable in quality, often unavailable and not
sufficiently used in classrooms



policy overload and limited transfer of learning into classrooms



shortages of personnel and resources to implement and support C2005



inadequate recognition of curriculum as the core business of education departments
(2003: 3-4)
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Chisholm acknowledges that the review of C2005 in 2000 was very controversial within
governing circles, teacher unions and the civil service. The main dispute was over OBE itself,
its nature, manifestation in C2005 and whether it ought to be revised or not. Also
participating in the review committee were a number of intellectuals, some associated with
criticism of C2005 and some associated with its elaboration, who argued that OBE was not
the issue but rather the design of the curriculum and aspects associated with its
implementation: the teacher training, learning support materials, provincial support and timeframes.
“The battle that ensued between the teacher unions and those who stood for this
position in the ‘Review Committee’ was a battle over learner-centredness in theory
and in practice’ … for the radical critics, who questioned the gap between theory and
practice, the solution was greater attention to knowledge and conceptual formation
amongst teachers and taught” (2003: 10; emphasis added).

In the event, OBE remained a core element of the curriculum reform process. While the
minister emphasised OBE as an active, learner-centred approach to learning, teacher unions
emphasised the new simplified language that it introduced, the integrated character of
knowledge, teachers’ roles as facilitators of learning and the importance of learning resources
as opposed to textbooks. “All these remained key features of the philosophy underpinning the
curriculum” (ibid.: 5).
Jansen (1999) recognized early that the effective adoption of OBE would require an entire reengineering of the education system to support the new curriculum but believed that neither
the fiscal base nor the political will existed to intervene at this level of intensity. Nonetheless,
massive efforts were, in fact, made to ‘reengineer’ the education system. The attempt to
rewrite and resupply all of the nation’s texts in terms of C2005 and of OBE was, in itself, a
huge, very expensive and administratively complex undertaking that has continued in one
form or another with the introduction of the RNCS and the subsequent iterations in the form
of Foundations for Learning Campaign (FFL) and the Curriculum Assessment Policy
Statements (CAPS). Each one of these developments has retained the underpinning
philosophy of OBE but each one has provided progressively more prescriptive specification
and pacing to curriculum content. FFL and CAPS, in addition, has provided an increasing
emphasis on the provision of standardized materials, including approved text books, to
schools.
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Along with materials supply, the introduction of OBE was accompanied from the start by
extensive INSET for departmental officials, SMT members and teachers on a national scale,
but never enough given the immense scale of the retraining that was required. 37 Particularly
during the introduction of C2005, but persisting right up to 2013, a great deal of this materials
development and INSET provision has been sourced, by the state or by private sector and
international development agencies, from South Africa’s flourishing NGO sector38 and very
little of it was centrally planned, coordinated, quality controlled and produced, especially in
rural areas. Much of the training dealt explicitly, even insistently, with producing specific
changes in how teachers should and should not teach and assess learners. However it was
managed, the key question is whether all of this effort has been justified in terms of the
outcomes it has achieved. The evidence presented to this point suggests a rather emphatically
negative answer.

Jansen (1999) argued cogently, and with a great deal of foresight that has become
increasingly apparent since the paper was first published in 1997, that there was very little
chance of OBE succeeding, and little desirability in it doing so. He pointed out that the
language of innovation associated with OBE was unnecessarily complex, confusing and at
times contradictory. Teachers had to come to terms with a host of new concepts with new
names. Simply understanding the cornerstone concept of ‘outcomes’ required understanding
the differences and relationships between competencies, unit standards, learning programmes,
phase organizers and assessment criteria, to name but a few39. The language of OBE and of
the national curriculum has been substantially simplified since then, as we have already
noted, but it is very likely indeed that confusing language and terminology had already
contributed to the difficulty teachers have displayed in both understanding and using OBEbased learner-centred instruction.

37

The infamous and now largely discredited concept of ‘cascading’ was specifically developed to deal with the
yawning gap between the training required and the numbers of teachers to be trained through the wonders of
geometric progression.
38
The NGO sector is, and long has been funded by international and local development agencies along with a
very substantial contribution from the private sector.
39
The effort to change terminology extended across the school system and, since it was at least comprehensible
it had general effect. A personal experience is walking into a Grade 1 class in a remote Limpopo school to be
greeted by “Good Morning Facilitator” by the children
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Another early commentator on the soon-to-be introduced OBE curriculum was the National
Director of the influential JET Education Services40, Nick Taylor (1997), who pointed out
that the sorts of ‘child-centred’ classroom methods advocated for C2005 were not new to our
educational discourse. The general concepts were first introduced by Dewey and Piaget and
his followers almost 30 years ago. Nor, indeed, were they new to the South African context
and were actively promoted by organizations like the National Education Coordinating
Committee (NECC)41 launched in 1986. The NECC grew out of the Soweto Parents Crisis
Committee (SPCC) and was supported by both the United Democratic Front (UDF) and
Congress of South African Trade Unions (COSATU). Another ‘struggle’ organization that
had some influence in the years prior to 1994 was the South African Committee for Higher
Education Trust (SACHED)42; chiefly in the development and provision of materials for the
People’s Education campaign.43
These organizations, and others like them, along with ‘progressive’ academics in the
universities, articulated a meta-narrative of educational transformation that was based on
‘learner-centred’ methods along with a wholesale and absolute rejection of everything seen to
be associated with the apartheid system; from traditional/conservative/transmission teachercentred methods to the provision of a prescriptive syllabus of study and standardized
textbooks. This meta-narrative was, in turn, very influential in framing the approaches to
transformation adopted by civil society both before and after 1994, chiefly through the large
number of NGOs active at that time. Many of those who worked for SACHED, for example,
eventually moved on to the NGO sector, if not on to government itself, or into one of the
universities. The adoption of OBE in 1998, therefore, met with virtually unanimous support
and approval from every component of the broader education sector and was seen to be
bringing South Africa into line with modern and progressive educational practice.
Taylor (1997) noted that ‘child-centred’ methods were the focus of the majority of the more
than 100 in-service training programmes for teachers in operation prior to 1998, even before
the formal introduction of OBE and the initiation of national training for teachers. Since
1993, JET had completed evaluations of some two dozen of these initiatives in order to assess
their impact on the quality of classroom outcomes and, in addition, had conducted an
40

http://www.jet.org.za/
http://www.nelsonmandela.org/omalley/index.php/site/q/03lv02424/04lv02730/05lv03188/06lv03208.htm
42
http://www.c3l.uni-oldenburg.de/cde/support/readings/nonyo98.pdf
43
https://ujdigispace.uj.ac.za/handle/10210/7195
41
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overview analysis of more than 50 such evaluations. The overwhelming conclusion of this
very early attempt to review a body of evaluation research findings was that the adoption of
learner-centred methodological forms had become widespread. Improving the quality of
educational outcomes for children in terms of being able to read, write and calculate more
efficiently and more meaningfully was, however, quite another matter. In short, while
children were much more likely to be sitting in groups and talking to each other, they were
not necessarily learning more than they would have in a more conventional classroom. In
fact, Taylor concluded that there was evidence suggesting that, under certain circumstances,
child-centred approaches may actively inhibit learning.

Muller (2001) challenged the belief that child-centred education should remain the
‘progressive’ basis of our school system, along with a relativistic conception of knowledge
that rejected the learning of objective facts as ‘positivist’ and substituted for it the
collaborative ‘discovery’ or ‘construction’ of situation-relevant knowledge. He argued that, in
practice, children emerged increasingly ignorant and uncurious from learner-centred schools
which themselves became ever more educationally vacuous. He concluded that by any
conventional measures of achievement, the predictions of progressive learner-centred
education were not achieved in practice.

On the other hand, Muller pointed out that a body of current research showed that active or
direct instruction, routinely rejected by progressive educationalists as the most significant
barrier to real learning and understanding, in fact makes a major difference to effective
learning. He advocates a role for the teacher as an instructional specialist, rather than as a
facilitator or manager of learning, and a re-establishment of the importance of content
knowledge in curriculum stipulation and in instructional guidance.

Writing in the same review as Taylor, Schollar (1997) discussed the competing views of
method and content held by the proponents of OBE and its critics. International critics of
OBE argued that rather than teachers becoming learning facilitators, and pupils becoming
self-motivated active learners, the promotion of methodological concepts like discovery
learning typically resulted in teachers disengaging from active classroom teaching as they
tried to understand exactly what their role was supposed to be. Their pupils, in turn, failed to
develop the skills and habits of systematic study as productive and directed classroom
instruction was replaced by trivial and superficial activity for its own sake.
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In terms of the theory of learning that animates and underpins OBE itself, Hoadley (2010)
pointed out that OBE, constructivism and progressivism became conceptually conflated in
South African educational discourse and, as a result, it became very difficult to disentangle
these concepts. She argues that, in the South African educational context, constructivism was
generally taken to mean that learners actively constructed their own knowledge rather than
passively memorizing facts and copying the ideas of others. Accordingly, teachers should
provide ‘facilitation’ through the provision of information, and the posing of problems for
learners to solve, rather than attempt to ‘transmit’ new knowledge.

Taylor has characterized C2005 as being positioned at the extreme radical end of the
‘constructivist’ spectrum and “…in its design, the most radical constructivist curriculum ever
attempted anywhere in the world” (2010: 5). According to Taylor, what really characterized
C2005 as a radical constructivist programme was that learning programmes and outcomes
would be under-specified in terms of the knowledge content that would be dealt with in
classrooms. Teachers would use macro-level and broadly stated outcomes, and somewhat
more specific Assessment Standards in the later NCS, to design their own programmes of
instruction/learning, utilizing a wide variety of texts and other learning materials while doing
so.

These teacher-designed programmes of instruction would, in addition, be tailored to the
individual need and pace of different learners. It was assumed that all learners brought their
own knowledge from everyday life into the classroom and that ‘learner-centred’ instruction
required this prior knowledge to be the necessary starting point of any subsequent learning,
preferably cooperatively in groups. Taylor argued the role of the teacher was, in essence, to
provide the information that would stimulate and facilitate the exploration and construction of
knowledge by learners.

Like Taylor, Nykiel-Herbert (2004) characterizes South African curriculum reform as based
on a radical-progressive constructivist pedagogy and she describes this choice as conditioned
by ideological rather than pragmatic factors. Learner-centred curricula have become
increasingly popular in developing countries transitioning to democracy.
“Learner-centred pedagogy becomes instantly appealing because it carries a promise
of intellectual liberation from ’oppressive’ traditional approaches. The debate around
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the overall effectiveness of the learner-centred approach has been carried on for many
years with evidence seemingly mounting on both sides … Recognizing scenarios
which are likely to enhance the effectiveness of learner-centred pedagogy as well as
those in which it is likely to fail should help education policy planners to take a course
of action most suited to particular local conditions instead of adopting (typically for
ideological reasons) a learner-centred framework only because it may have worked in
another country, or for a different population … (however) … the intended recipe for
educational success … (produced) … yet another generation of illiterate, innumerate
South Africans. (2004: 1)

At the other extreme, a recent paper by Alexander and November (2010) concluded that
while OBE appeared to be embedded in constructivist learning theory, the very provision of
‘outcomes’ that learners are supposed to achieve is actually behaviourist in nature and stunts
critical thinking and learning itself. The authors appear to suggest that OBE is not
constructivist at all, or, at the least, not sufficiently radically constructivist in its South
African version.

Spaull, writing some nine years after Nykiel-Herbert, came to similarly bleak conclusions
about the performance of South African learners who, in Grade Six “cannot read, write and
compute at grade-appropriate levels, with large proportions being functionally illiterate and
innumerate” (2013: 10).

Since literacy and numeracy are the fundamental and minimum outcomes expected of a
primary school system, this a genuinely disastrous outcome for 16 years of equally
fundamental curriculum reform during which it has been assumed that OBE, and the learnercentred methodological forms it encourages, are efficient means of teaching and learning for
children in primary schools.
Whatever the outcome of the debate about the meaning of ‘constructivism’ in the OBE
curriculum may be, and whatever curriculum planners may have intended, the lesson
observations presented in Chapter 6 illustrate how their theoretical and methodical
assumptions have been interpreted in practice in classrooms around the country since 1998.
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These classroom behaviours did not spontaneously leap into existence. To understand more
fully what teachers were trained to do, and the guidelines they were given, Jansen (1999)
reminds us that OBE was promoted as a universal solution to pedagogical problems and
provides two particularly clear expositions of what was seen as the solution embodied in
OBE.

The first is found in an Education Information Centre (EIC) (1996) document:
“In the old education system only the content of courses and what the teacher or
textbook had to say was important. Learners received information from the
teacher and did not play a very active role in the learning situation. Most of their
learning was memory-based .... it was important that learners remembered and
repeated everything they learned, and not whether they understood and were able
to use what they had learned in different ways or situations.” (quoted in Jansen,
1999: 12)
The second example to which Jansen refers is found in an undated document from the
Department of Education itself. It describes the expected role of the teacher:
“Current learning institutions place the teacher in a particular role. The teacher is
seen to be in a position of authority to the learner and an authority in terms of
content that must be transmitted. … The teacher, as opposed to being the
repository of all knowledge and wisdom, must now facilitate and mediate the
educational experience. … The teacher, now a facilitator of learning, will create
relations between learner and facilitator which engender values based on
cooperative learning.” (quoted in ibid.: 12-13)

In an introductory booklet explaining the principles of C2005. the National Department of
Education established that:
“Our current system will change to an OBE approach. The OBE approach focuses
not only on what you learn but how you learn. In other words, the process of
learning becomes just as important as what you learn … teachers … will become
facilitators rather than transmitters of knowledge … teachers … will no longer
feel the pressure of having to be the ‘source of all knowledge’. Learners will be
trained to take responsibility for their own learning … in groups … which will
ease the load on teachers … OBE … requires a shift from teacher input
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(instructional offerings or syllabuses expressed in terms of content) to focusing
on learner outcomes” (1997: 9-27).

To encapsulate the approach to learning required by the new OBE curriculum, this official
booklet provided a table contrasting the old and the new approaches (ibid.: 6-7). This sort of
comparative table became ubiquitous throughout the system in the years after 1998 and
proved very effective in spreading the ‘memes’ that recur so often in schools, department
offices and NGOs – many still mouldering on office walls!
OLD
Passive learners
Exam-driven
Rote-learning
Syllabus is content-based and broken down
into subjects
Textbook/worksheet-bound and teacher
centred
Sees syllabus as rigid and non-negotiable
Teachers responsible for learning;
motivation dependent on the personality of
the teacher
Emphasis on what the teacher hopes to
achieve
Content placed into rigid time-frames
Curriculum development process not open
to public comment

NEW
Active learners
Learners are assessed on an on-going basis
Critical thinking, reasoning, reflection,
action
An integration of knowledge; learning
relevant and connected to real-life situations
Learner-centred; teacher is facilitator;
teacher constantly uses group work and
teamwork to consolidate the new approach
Learning programmes seen as guides that
allow teachers be innovate and creative in
designing programmes
Learners take responsibility for their
learning; pupils motivated by constant
feedback and affirmation of their worth
Emphasis on outcomes – what the learner
becomes and understands
Flexible time-frames allow learners to work
at their own pace
Comment and input from the wider
community is encouraged

This figure provides an ‘authoritative’ departmental example of how theoretical statements
and ideas were operationalized in the training, materials and information that schools and
teachers received and which guided their interpretation and understanding of OBE in
practice.

The following was photographed by the author on an office wall during a research visit in
2004 and was provided to the school, not by the department, but by a NGO facilitator during
OBE training for an independent development foundation. The NGO source is unknown but
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the consistency of both ‘official’ and ‘non-official’ versions is obvious, describing similar
desired approaches to learning, attitudinal beliefs and methodological behaviours.

These documents provide a stark either/or set of comparisons on all sorts of different
variables. In doing so they dispense entirely with any concept of a spectrum or continuum of
methodological forms, each appropriate to a particular context and depending largely on what
type and level of knowledge is being presented/learned, and what stage/age the learners have
reached in grasping the developing and cumulative concepts inherent in a standards-based
system. They reach a sort of semi-polemic level when they set of up ‘straw men’ of
‘traditional’ teachers and knock them down in favour of equally simplistic and idealistic
descriptions of ‘progressive’ teachers to create virtually meaningless comparisons, or worse,
seriously misleading beliefs.

When it came to clarifying what the curriculum really intended for the practical world of
classroom implementation, an essential element of the training and advocacy for C2005 and
the NCS and, indeed, its most successful, immediate and enduring effects, has been the
national effort to convince teachers that they needed to abandon outmoded ‘teacher-centred’,
‘transmission’, ‘passive’, and/or ‘traditional’ learning theories and methodologies. These
discredited theories and practices were inherited from the apartheid era and were written off
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as ‘chalk ‘n talk’, ‘spoon feeding’ and ‘rote learning’. The narrative of most OBE training
contained some version of some or all of these comparisons with the expressly intended
injunction to ‘get from the left hand column what not to do and get from the right hand
column what to do’ or vice versa.

The lesson observations reported in Chapter 6 suggest that the effort to put guideline
statements like these into practice has produced classrooms in which little productive learning
activity is evident.
Nykiel-Herbert (2004) provides an illuminating extension to these sorts of ‘either-or’ tables
that became ubiquitous throughout the system in the years after 1998. She collected
information from a variety of sources explaining to teachers the key points of educational
philosophy and practice brought about by the new curriculum: official documents, state/NGO
training materials and teacher guides. She then examined the results in the form of the most
commonly demonstrated or expressed teacher understandings of these materials, again using
information from a number of sources: programme evaluation reports, project monitoring
observations and lesson observations of classroom practices, interviews and surveys
conducted during NGO or departmental training.
She summarizes her findings against three categories: the ‘old’ paradigm (bad), the new
paradigm (good) and the eventual interpretations teachers developed as they struggled to
move from the old to the new paradigm and, especially, to translate the abstracts concepts of
the new paradigm into understandable and operationalized behaviours that could be used in
classrooms – i.e. what they should actually do in classrooms.
Figure 12: Concepts of the ‘old’ and ‘new’ curriculum paradigms and how teachers
interpreted them: Nykiel-Herbert (2004: 11-12)
Old paradigm
Teachers possess all
knowledge.

New paradigm
Learners possess knowledge and
the ability to learn.

Teachers’ interpretation
Teachers don’t need to have the
knowledge.

Learners are empty vessels
filled with content by
teachers.

Learners construct their own
knowledge through active
learning in cooperation with
others.

Learners already have the
knowledge.
Learners learn from one another in
groups.
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Old paradigm
Teaching refers to the act
and methodology of
conveying knowledge to a
child
Learning means rote
memorization of content.

Syllabi are content-based
and focus on teacher input.

New paradigm
Teaching means providing
learning experiences and
guiding, supporting and
facilitating the learner.
Learning is the development of
the learner’s knowledge.

Learning programs are based on
what learners should be able to
do, know, and understand.

Content is subject-specific.

Teachers and students use
textbooks, which rigidly use
the prescribed content.

Content is integrated across all
learning areas.
A variety of learning materials
must be used.
These must be selected or
created by teachers according to
the interests and learning needs
of the learners.

Students learn to speak,
listen, read and write.
Only the results of learning
are important.
Assessment informs the
teacher to what extent the
learner mastered the
content, and whether he or
she should be promoted.

Resources for experiential
learning should be included.
Learners make and negotiate
meaning and understanding.
The process of learning is as
important as what is learnt.
Assessment informs the teacher
about the learner’s progress, so
she can plan appropriate
learning programs.

Teachers’ interpretation
Teachers must not teach actively,
but only help the learners learn.
There is no need for formal lessons.
Learners need to practice more of
what they already know.
Learners must not be made to
memorize anything.
Subject knowledge must not be
taught.
Every learning experience must
target all learning areas.
No textbooks or pre-OBE materials
should be used in the classroom.
Only materials interesting to the
learners should be used.
Learners learn through hands-on
activities.

Teaching reading and writing as
skills is no longer required.
Learners must be kept busy in the
classroom.
It is no longer necessary to give
grades.
All students do well and deserve to
pass to the next grade.

Numerical grades are not
appropriate for authentic
assessment.
Learner’s progress must be
assessed individually, not by
comparison to other learners.

Nykiel-Herbert noted that many of the eventual operational interpretations were shared by
school administrators, teacher trainers, materials developers and even some provincial
education authority officials.
“Some … are more damaging than others because they undermine core educational
principles: that learning involves acquisition of new information; that learners, by
definition, generally possess less knowledge than teachers; and that the business of
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schools is to make sure that pupils leave with more demonstrable, quantifiable
knowledge than they entered with.” (ibid.: 12)

These operational interpretations, and the conceptual beliefs about the new curriculum upon
which they are based, became to most department officials and teachers a set of infallible
guides to behaviour irrespective, as we have seen, of the actual performance of learners.
Whether the curriculum is ‘true’ OBE, or true ‘constructivism’ or not, the assumptions and
beliefs that have been developed through it in the education system, resulting in the ways
teachers plan and deliver the curriculum, assess learners and in the methodologies they use,
have been profound indeed.

Conclusion

The highest level and most generic explanations for seemingly endemic poor learner
performance lie at the systemic level: curriculum policy, assessment policy and the
institutional capacity of departments of education in terms of implementing both forms of
policy.

Outcomes and behaviours that are demonstrably national in character are logically most
likely caused by equally national factors.

The conclusion of this chapter is that the consistency of the use of learner-centred
methodological forms that are based on OBE is the most significant explanation for the
outcomes in learner performance that we have reviewed. These forms, spread on a national
scale through the training conducted after the introduction of C2005, emphasize a change in
the role of a teacher from ‘instructor’ to ‘facilitator’, along with a corresponding change in
the nature of knowledge from something objective to be ‘learned’ to something to be actively
discovered or experienced.
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CHAPTER EIGHT

CAN THE HYPOTHETICAL CAUSATIVE RELATIONSHIP BETWEEN
METHODOLOGICAL FORMS AND PERFORMANCE BE LOCATED IN
EDUCATIONAL LITERATURE?

DESIGNING AN INTERVENTION PROGRAMME THROUGH WHICH THE
HYPOTHESIS CAN BE TESTED

The analysis I have presented to this point provides the first statement of a theoretical
causative relationship even if currently stated in the negative. The use of methodological
forms based on a ‘learner-centred’ approach that, in turn, imply a theory of learning based on
the ‘active discovery’ of knowledge by the learner with the teacher as a ‘facilitating
supporter’ rather than as an ‘instructor’, is a significant cause of poor learner performance.
This relationship is, given the previous chapters, plausible and is capable of empirical
quantitative investigation.
The discussion that follows deals with some of the findings of neurocognitive science with
specific implications for education and for how children in primary schools actually learn
information and competencies. This is a very new field that is attracting growing interest
internationally although this is not the place for, and nor does space permit, a detailed review
of the existing literature. 44

Reliance is instead primarily placed on a source that has had a significant influence both
internationally and in South African educational circles. Helen Abadzi has worked for 24
years as an education specialist and senior evaluation officer in the World Bank and the
Global Partnership for Education. Insights stemming from her own research work, in the
context of an extensive grasp of the literature, has had worldwide influence on the planning
of developmental and instructional programmes for young learners in the developing world. 45

44

For a recent review of the relationships between the findings of cognitive neuroscience and education, see
Ansari, D and Coch, D (2006): http://www.sciencedirect.com/science/article/pii/S1364661306000556
45
http://www.globalpartnership.org/users/habadzi
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Abadzi has visited South Africa a number of times, most recently in 2012 when she provided
a number of lectures and presentations for the College of Education at UNISA.46

Abadzi notes that research work over a century into learning and memory, information
processing, cognitive psychology and behavioural modification has, since the 1990s, been
greatly enhanced by brain imaging techniques47 that allow the identification of the specific
areas of the brain, and interactions between them on different levels/layers, that are activated
in sequence when various kinds of tasks are completed.
“This convergence of theory … (and technology) ,,, has led to the development of a
field … called cognitive neuroscience that has applications in artificial intelligence
and decision theory. One attractive aspect of this research is its trans-national
character. Human brains process information in much the same way, and similarities
may be more important than individual or cultural differences. Such unifying
principles may point to common solutions for educating disadvantaged children
efficiently and may be applicable from preschool to … university. Neurocognitive
research is an exciting frontier (for education)” (2006: 8).
In reviewing the findings of many of the evaluation studies conducted by the World Bank in
developing countries, many in Africa, Abadzi finds that the failure to teach and learn fluent
reading and mathematics skills in the early years of primary schooling creates learning
inefficiencies that have cumulative consequences throughout the school system up to
university level. Simkins (2012) and Spaull (2012) come to much the same conclusion in
South Africa.
Referring to the Education for All Initiative (EFA) of the World Bank 48 aimed at universal
primary school education for all children, Abadzi finds that the results in terms of improved
access have been impressive but that the goal of quality learning of basic skills for these
children has proved rather more complex than expected. While the World Bank itself, as well
as donor governments, assumed that investments in enrolment would inevitably lead to
improvements in both the educational and economic benefits of schooling, results have been

46

http://www.unisa.ac.za/cedu/news/index.php/2012/03/dr-abadzi-shares-her-insight-into-how-we-learn-andremember/
47
Magnetic Resonance Imaging (MRI).
48
http://www.worldbank.org/en/topic/education/brief/education-for-all
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very different from expectations and have shown that achieved learning outcomes are
typically insufficient for life-long productivity.
“In the classical Mincerian wage earnings function, earnings depend only on years of
schooling and work experience. This theory, developed in industrial countries of the
mid-twentieth century, leads to an implicit assumption that learning in a classroom
will somehow happen if inputs are provided. It has thus been reasonable to agree on
an ‘access first’ policy of lowering unit costs enough to enable all children in lowincome countries to enrol in schools. How children will learn has been considered a
‘black box’ ... (but it is) … clear that we cannot ignore what is in the black box …
(instructional) … programmes used in the past have not generally led to expected
improvements in the learning of young children” (ibid.: 7-8).

All of the South African literature I have reviewed to this point broadly supports this finding.
Long-term and significant investment in inputs and the achievement of virtually universal
access to primary schooling, even when combined with fundamental reform of the
curriculum, have failed to produce anything like the expected improvements in learner
performance (Crouch and Vinjevold, 2006). If anything, the opposite is true and I have
reviewed clear empirical evidence of declining performance, even in those schools which, in
terms of current explanatory production function models, have a high level of input-output
efficiency and outperform the great majority of all state schools.
In interrogating what is in her “Black Box”, Abadzi comments that officials working in largescale international development programmes have largely left its contents up to prevailing
educational philosophies and theories which, in turn, have not been subjected to sufficiently
critical analysis and empirical testing.
“Teaching methods are often viewed as local initiatives and presumed to be equally
valid. However, some methods may use time and resources more efficiently than
others, particularly when teaching the poor. The choice of certain methods can have
large financial consequences for governments. This is why student outcomes should
drive selection rather than philosophy or educational theories” (ibid.: 9).
The position we have reached in the argument of this thesis is that the contents of Abadzi’s
Black Box, the instructional programme provided for learners, is where we must look, using
the findings of cognitive neuroscience, to provide a more comprehensive and compelling
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explanation for the outcomes and impacts of mathematical education in South Africa. Central
to this investigation is the significance of the methodological forms, and of the assumptions
that underlie them (Taylor, 2001; Fleisch, 2008; Muller, 2001), that are used to teach
mathematical content knowledge to learners in primary schools.

In terms of contextual explanations for poor learner performance, health and nutrition is
clearly a confounding variable that can have a very significant influence on the effectiveness
of both inputs and educational processes. We have already noted that it is intuitively true that
sick or hungry children are unlikely to learn as effectively as they otherwise could and there
is a great deal of research to confirm this (Fleisch, 2008).

Abadzi reminds us that adequate nutrition is essential for the physical development of the
brain itself and for the physical structures and processes that are operationalized when
information is learned and stored.
“To function, neurons require energy that is obtained when the body metabolizes
glucose and delivers it through the blood to the neurons along with oxygen. The
various stages of the glucose-to-energy conversion require oxygen, vitamins,
minerals, and micronutrients. Nerve cells are partly made of essential fatty acids that
are obtained from food, so these substances are essential for brain development and
learning” (2006: 11).
In South Africa, the introduction of the National School Nutrition Programme 49 should
progressively limit the extent of this basic physical limitation on efficient learning. However,
the statement makes clear one of the characteristics of neurocognitive science. It describes
learning as a physical and empirical process which must be functioning properly before it can
be used to process, store and manipulate information.

A cognitive structure is not regarded, in the first instance, as an abstract concept without
physical reference more specific than the mind itself as a kind of conceptual tabula rasa but
rather as a biological system or network of nerves and cells with electrical and chemical
pathways and operational processes. The characteristics of these networks, pathways and
processes determine how we learn, and cannot be ignored in a theory of learning.

49

http://www.education.gov.za/Programmes/NationalSchoolNutritionProgramme/tabid/440/Default.aspx

134

A detailed description and exposition of the current state of knowledge about the specific
biological, cellular, chemical and electrical, structures of the brain and how they interpret,
process and store (learn) information is beyond the requirements of this discussion although
Abadzi provides an useful Annex to her study (2006.: 141-202) in this regard. Here we are
most interested in the key characteristics of brain architecture and their implications for
learning theory.

Abadzi distinguishes between two fundamental types of memory resulting from the
electrochemical structure of the brain; working or short-term memory, where incoming
information is held temporarily for processing, and long-term memory which is relatively
permanent – the information has been learned.

Short term memory receives, holds and decides what to do with items that enter from the
outside world or are retrieved from long-term memory. It has four basic processes that are
coordinated by a central executive function.
Figure 13: Classification of short term memory: processes and associated neurocognitive
structures
Sensory memory: short
term impressions

Working
memory

Central executive
function

Visualspatial
sketchpad

Phonological loop:
verbal and factual
Source: Adapted from Abadzi (p27)
“The most important characteristic of this network is that the duration and capacity of
its storage is exceedingly limited. The phonological loop, for example, can
accommodate only about seven items and they are retained for about 12 seconds. The
visual-spatial ‘sketchpad’ holds only about four items … (which need to be placed in
working memory almost immediately) … Information may be exchanged between the
phonological loop and the visual-spatial sketchpad through recoding. This is what
happens when we see a telephone number and convert it into words that we rehearse
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in our minds while looking for a telephone. The central executive mechanism keeps
the information alive in working memory through repetition and prevents irrelevant
material and distractions from interfering” (ibid.: 28).

Once information to be learned has been processed by short term memory, it is transferred to
long term memory.

Figure 14: Classification of long term memory: types and associated neurocognitive
structures
Long Term
Memory

Episodic
memory:
events

Explicit
memory: can
be verbalized

Implicit
memory: is
not verbalized

Semantic
memory: facts

Procedural
skills:
reading,
calculating

Classical
conditioning

Source: Adapted from Abadzi (p27)

Explicit memory deals with factual knowledge that can be verbalized; episodic memory
concerns the storage and recall of specific events, like comments made by teachers during
lessons, and semantic memory comprises our factual knowledge that is not associated with a
specific time or location. Other components of the memory structures in the brain deal with
implicit memory in which procedural skills and competencies, as well as learned behaviours,
are stored and from whence they are retrieved and combined with explicit memory to solve
problems.

The human brain can pay attention to and process only a small amount of the information that
reaches us through our senses. Information, like the content of a lesson presented by a teacher
- ‘enters’ the brain through working, or short term, memory which has a limited capacity in
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terms of both size and duration, Abadzi compares the operation of short term memory to a
sponge moving about 10 seconds behind the reception of new information and wiping the
memory ‘slate’ clean, unless that information is processed and transferred to long term
memory.

Long term memory has no known limit to the amount of information that can be stored and
retrieved but it has to ‘get there’ first. Abadzi compares this overall process to a large amount
of information trying to get into a very large bottle with a very narrow neck.

In terms of basic numeracy and mathematics, she notes that a degree of numerical literacy
appears to be ‘hard-wired’ in human brains and even very young children can comprehend
simplistic numbers and concepts like more than and less than, and add or subtract provided
that the number set is very small. These apparently innate capacities are, however, limited to
very small one-digit numbers and maturation alone does not result in the development of
mathematical knowledge. To develop an understanding of the behaviour of large numbers,
the base-10 system, carrying and borrowing, multiplication and division, multicolumn
addition and subtraction, fractions and exponents requires schooling.

Chapter Two established that South African learners in Grade 6 were several grade levels
below expected competency standards. The SACMEQ data, in particular, established that
mean scores clustered around the second level of competence, the equivalent of NCS Grade
3, indicating a grasp of ‘emerging numeracy’ rather than the expected Grade 6 standard of
‘competent numeracy’. Therefore, the majority of Grade 6 learners are only one level above
the lowest of all the SACMEQ categories: ‘pre-numeracy’. We have also established that
mean scores decline rapidly from Grade 1 onwards.

The primary evidence (rough workings) presented in Chapter 5 suggests that current
mathematical education in primary schools does not succeed in progressing learners much
beyond the innate ‘hard-wired’ pre-mathematical number sense with which they arrive in
classrooms. By Grade 6, they have succeeded only in enabling most learners to begin to work
with larger number sets, although they are typically still processed one-by-one, and it is
evidently having very little significant positive influence on the learning of mathematical
facts or competencies beyond this simplistic conceptual and neurocognitive level.
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To be most efficient, instructional programmes that are based on an understanding of how
children learn are most likely to achieve a significant effect on the quality of their eventual
performance. Abadzi (2006) provides an extended discussion of the many implications of
neurocognitive concepts to instruction, the first of which is very simple indeed. Do not
exceed the short term processing capacity of young children when presenting them with
novel information.
This is the ‘gateway process’ for learning (for transfer to long term memory) and, if it is not
allowed to function as it is designed, it is unlikely indeed that children will learn the intended
content to any degree of quality in retrieval, procedural or process competencies. This implies
that information should be provided in small and understandable ‘amounts’ and be logically
connected to the previous and following pieces of information. These pieces of
information/skills must each be practiced or repeated immediately after instruction while the
short term memory of children still retains the ‘template’ required for doing so. Only once
sufficient of these pieces of information and ‘templates’ are assimilated into long term
memory, and can be retrieved and related to other information, is it possible to develop
progressively and cumulatively the conceptual schema (implicit memory) that are the basis of
mathematical fluency and accuracy, and of higher-order mathematics itself.

Nykiel-Herbert argues that the findings of neurocognitive science suggest that the efficient
learning of mathematics requires a drill and practice approach to the learning of fundamental
basic skills to ensure that the limited capacity of working memory is not encumbered by
simplistic low-order operations while attempting to solve more complex higher order
problems. “Unfortunately, C2005 did not recognize the essential cognitive differences
between factual and procedural learning; the very idea of practicing skills for their own sake
is antithetical to the spirit of constructivism as it is considered meaningless for the pupil, and
therefore not learner-centred” (2004: 17).

The long running contestation over learning theories, curriculum reform and outcomes
around the world has stimulated a great deal of research, some of it experimental or quasiexperimental. Kirschner, Sweller and Clark (2006) provide a recent and extensive survey of
the international research literature produced over the last half-century on the effectiveness of
the different types of theories of learning, along with their associated methodological forms,
on improving learner performance.
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Unlike Reeves (2005) and Hoadley (2010), the authors find that it is both possible and useful
to distinguish between clusters of instructional approaches that are identified in the literature
reviewed as belonging to one of two broad groups providing:


Minimal or restricted instructional guidance to learners who must discover or construct
new knowledge, concepts and procedures for themselves;



Direct teacher instruction to learners of new knowledge, concepts and procedures.

Into the first group Kirschner and his associates place theories of learning based on
discovery-learning, problem-based learning, inquiry-learning, learner-centred learning,
experiential learning, and constructivist approaches in which the common factor is that the
teacher plays the role of ‘facilitator’ rather than of ‘instructor’ in the development or
construction of knowledge of learners. Long term learning is seen as the result of facilitated
exploration, often collaborative, and the eventual outcome is the development of genuine
conceptual understanding rather than the simple memorization of information.

The second group provides direct instructional programmes and teacher-centred guidance to
the learning process, at one extreme in tightly scripted lessons, to arrive at the learning of
established bodies of knowledge. It is argued that the benefit of guided instruction only
begins to recede when learners have acquired sufficient knowledge to provide ‘internal’
guidance to the learning of new competencies.

Learning is described as change in long term memory from whence information of different
types is retrieved and combined to solve higher order problems. This proposes an
‘instructionalist’ approach in which learning consists of the development of operational,
procedural and conceptual abilities in learners through organized programmes of instruction
lead by teachers and in which memory, neurocognitive architecture and processing plays a
critical role.

The authors provide a clear and unambiguous summary of the conclusion of their review of
the research literature.
“(Constructivist-based) … approaches imply that instructional guidance that …
embeds learning strategies in instruction interferes with the natural processes by
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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.
(2006: 76).

Kirschner and his associates argue that inquiry/problem/discovery approaches require a
learner to search a novel and information-rich problem-space for relevant information to find
a solution or generate new knowledge. This places an exceptionally heavy demand on the
short-term cognitive processing and working memory of children which, as we have already
seen, is very limited in capacity and duration especially when dealing with novel information.

In this view, the heavy demands made on the short term processing capacity (working
memory) of learners by unstructured or minimally structured learner-centred methodologies
actively militates against the likelihood that learners will discover or construct new
knowledge. These methodological forms overwhelm the short-term processing capacity of
young children and makes unlikely the transfer of newly learned information to long-term
memory. While working memory is being used to search for problem solutions in an
information-rich environment it cannot contribute to the accumulation of knowledge in longterm memory. Indeed, they argue that it is possible to search for extended periods of time
with quite minimal alterations to long-term memory, a statement that finds intuitive support
in many of the lesson observations presented in Chapter 6.

These observations show that teachers typically teach learners by presenting them with
problems and providing them with resources which they are supposed to use, in collaborative
groups, to discover, or arrive at, solutions. Heavy conceptual and cognitive demands are
made on young learners to assimilate and process enough novel information, and retrieve
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learned information/competencies from long-term memory, while simultaneously attempting
to understand an applied activity, to spontaneously discover and learn the principles and
values of drawing a basic graph or performing a multi-step arithmetic calculation. In addition,
without strong teacher control and direction, ‘collaborative’ groups themselves begin to break
into sub-groups, pairs or individuals and the learning space itself becomes yet another source
of confusion and distraction.

Under these conditions, the short-term processing capacity of learners is effectively flooded
with information and tasks of different types and meanings; some of it chaotic (e.g. noise,
movement, disturbance); some of it very cognitively demanding (e.g. solving a multi-step
arithmetic problem without being able to calculate); and some of it behavioural (e.g.
following teacher instructions to perform the correct steps of the methodological form being
used).

Furthermore, argue Kirschner, et al (2006), the ultimate goal of instruction is rarely simply to
search for or discover information. The goal is to give learners specific guidance about how
to cognitively manipulate information in ways that are consistent with a longer term learning
goal, and to store the result in long-term (explicit and implicit) memory as part of the
cumulative, hierarchical process of higher order conceptual development. The consequences
of requiring young learners to search for problem solutions using a limited working memory
appear to be routinely ignored in designing instructional programmes based on learnercentred discovery-based approaches.

The result, they conclude, is a set of differently named but similar instructional approaches
based on minimal or restricted teacher guidance that are disconnected from much of what we
now know of human cognition:
“Recommending minimal guidance was understandable when ... discovery learning as
an instructional tool (was proposed) because the structures and relations that
constitute human cognitive architecture had not yet been mapped. We now are in a
quite different environment…. This new understanding has been the basis for
systematic research and development of instructional theories that reflect our current
understanding of cognitive architecture … This work should be central to the design
of effective, guided instruction (2006: 77-78).
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The conclusions derived by Kirschner et al., after their review of the empirical research
literature, not surprisingly, find support from Abadzi, who concludes bluntly that “While
there are many enthusiastic articles about the constructivist philosophy, there is little hard
evidence regarding its benefits for poorer students” (2006: 76).

In reaching this conclusion, Abadzi cites a number of studies demonstrating that tightly
scripted and structured (i.e. ‘content-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 than the ‘learner-centred’ or ‘discovery’ practices favoured by ‘constructivists’.

In terms of the learning of the fundamental concepts and competencies of mathematics by
young learners, Steele and Funnell (2001) examined directly the empirical relationship
between the development of mathematical skills and teaching approaches based on
‘discovery’ methods in a group of 241 children aged between 8 and 12 in the UK. This study
was conducted in an educational context which, though very different from South Africa in
some respects, is very familiar to practitioners in this country in terms of preferred teaching
and learning strategies.
“Didactic teaching methods have given way to discovery methods in which children
find the best methods of calculation for themselves … the National Curriculum does
not encourage instruction in particular methods of learning such as rote-learning.”
(2001: 39)

However, English learners fare relatively poorly in international comparative studies like
TIMSS. To Steele and Funnell this raised questions about the effect of the learning
environment provided by the English education system on the development of multiplication
strategies when compared with countries that adopted more didactic methods, and achieve the
highest levels of performance in comparative studies, like Singapore and South Korea.

In England, primary school children aged between 8 to 11 typically learned multiplication
facts by colouring in table parts, investigating patterns in numbers, watching television
programmes, answering questions in workbooks, writing down number series (i.e. step-
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counting) and investigating them 50, and so on. Only 10 of the 241 children (4%) included in
the study reported that they learned multiplication facts by memorizing them in the more
conventional way and all of these learners were receiving extra tuition outside the school.51
Much of the work carried on in classrooms was based on projects, rather than direct
instruction, and learners worked largely at their own pace. The content that was presented
varied from teacher to teacher.

All of this is very familiar to South African practitioners and researchers. Educational policy
and practice in the UK has been a significant influence in this country, in part through the
large scale development programmes like Imbewu in the Eastern Cape and Khanyisa in
Limpopo, that have been operated through the Overseas Development Administration (ODA)
and DfID with provincial departments of education.

Steele and Funnell (2001) distinguished between five problem-solving strategies that were
used by the children during testing:


Retrieval of facts from long-term memory with a small degree of calculation when higher
operands (11 and 12) were involved



Some retrieval, mainly involving smaller operands and multiples of 10 and 11 with a
greater degree of calculation from derived facts that were close to the target solution



Mixed strategy combining some retrieval, some calculation and some counting-in-series



Counting-in-series only (e.g. 6 x 11 = 11, 22 ,33, and so on)



No strategy – counting in single units.

Testing indicated that retrieval was the fastest and least error-prone strategy while countingin-series was the slowest and most error prone. Children of ages 8 and 9 years used mainly
mixed strategies. Children of ages 10 to 12 years used mainly retrieval or retrieval and
calculation for low operands, but reverted to back-up strategies for high operands based on
the strategies available for low operands. There was a general shift away from less effective
strategies across ages 8 to 12 years but, by the end of the primary school (age 11 years),
relatively few children used the most effective strategy of retrieval for all operands. The

50

e. g. searching for ‘patterns’
An international phenomenon in which parents seek ‘conventional’ education outside of the state system
through extra lessons or even through transfer to the independent sector.
51
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conclusion was that “by the end of primary school, one-fifth of children had failed to learn
multiplication facts for even the simplest multiplication problems” (2001: 45).

Response times and accuracy levels were directly related to the problem-solving strategy
used. Retrieving an answer was consistently faster and more accurate than all other strategies
while counting-in-series (and, of course, especially counting in units) was consistently slower
and least accurate. However, despite the fact that mixed strategies and counting (in series or
units) are clearly ineffective strategies in both response time and accuracy, more than 40% of
children of age 11, and more than 30% of those of age 12, continued to use those strategies.
(ibid.: 53)

In South Africa, as we have seen during the exploratory study, the counting of single units,
what we have referred to as a pre-mathematical method and Steele and Funnell (2001) refer
to as ‘no problem-solving strategy’, has become the most common form of problem-solving
across all ages/grades of the primary system, especially when combined with a repeated
operation (step-counting, or counting-in-series).

Furthermore, counting-in-series, encouraged as a method of teaching, learning and mastering
multiplication facts, does not promote the formation of strong and accurate associations
between question and answer that are required for retrieval. Lemaire and Siegler (1995)
found that high levels of retrieval and accuracy were achieved by French children who were
taught by rote learning methods. Further, when these children had memorized and practiced
multiplication facts, they did not use counting strategies to solve problems and were more
capable of using conventional arithmetic calculations.
In conclusion, Steele and Funnell found that teaching methods used in the ‘discovery
learning’ approach were directly responsible for the development of counting-in-series (and
for the ‘no strategy’ of unit-counting). They note that inefficient ‘discovery’ strategies are
believed to make excessive demands on working memory that restricts the cognitive capacity
of the child to learn and retrieve novel information. On the other hand, “when performance
on tasks becomes ‘sufficiently automated’ through practice and requires little conscious
attention then effort can be devoted to … higher level tasks” (2001: 50).
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They also note that children with weaker working memories (i.e. weaker short-term cognitive
processing capacity) were more likely to use less efficient strategies. For example, children of
8 and 9 who used ‘no strategy’ (i.e. counting-in-units) also had significantly lower nonverbal
reasoning scores than those who calculated or retrieved, as did children aged 10 to 12 who
used mixed strategies or counted-in-series.

It is not difficult to relate the findings of Kirschner and his associates, Abadzi, Steele and
Funnell and Lemaire and Siegler. Novel procedural information and competencies are most
efficiently taught through direct instruction by the teacher and processed through short-term
memory using repetition and practice of a few ‘facts’ at a time at a time to transfer this
information to the much larger long-term memory. Once they are transferred to long-term
memory, these few facts become readily accessible and, in combination with any number of
previously learned facts, become available to conceptually complex and higher order
problem-solving tasks and other applied activities.

With regard to the importance of speed and accuracy of information retrieval in mathematics,
Bratina and Krudwig (2003) report work that established the fundamental importance of
‘automaticity’, mathematical, and especially arithmetic, fluency of calculation in terms of
both accuracy and speed, to the ability of children to develop higher order competencies.
They draw the definition of what essential information learners should be able to recall
effortlessly from the US National Council of Teachers of Mathematics: knowing the basic
number combinations of single-digit operations and computational fluency in using efficient
and accurate methods for computing. They find a significant relationship between fluency
and performance on higher-order tasks; the higher the level of fluency, the higher the grades
achieved and the higher the performance on higher-level tasks. Further, they find a significant
relationship between computational fluency and problem solving skills like estimation and
application of learned information. Scores on a mathematical fluency instrument accounted
for one third of the variance of scores on an applied problems instrument for 6 to 8 year old
learners. The effect diminished a little for adults of 20 to 39, but was still significant at one
fourth of the variance in applied problems (2003: 51).

In terms of retrieving and combining different types of learned information from long-term
memory and applying it to the solving of problems, Sweller distinguishes between two
essential elements:
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Schema acquisition, defined as a cognitive construct that permits problem solvers to
recognize problems as belonging to a particular category requiring particular moves for
solutions. This obviates the need to search step-by-step through a problem to decide
which operations/calculations to perform in which order to reach the solution. Sweller
provides the example (a x b)/c = d where you have been asked to make a the subject of
the equation. A skilled problem solver recognizes a category of problems requiring the
denominator to be multiplied out as the first step. Schemas classify problems according to
solution steps and learning mathematics may consist of acquiring a large number of
schemas (1989: 458).



Rule automation. The rules of mathematics are important and the manner in which they
are learned, processed and applied to problem solving is central to mathematical
competence. An automated rule is one that can be used without conscious processing.
When a problem solver has to dedicate considerable attention to using a rule, significant
cognitive processing capacity is required and the efficiency of problem solving requiring
the application of the rule is corresponding reduced, because the learner has to
simultaneously retrieve the rule and engage in a search of the problem space for a
solution. Without rule automation, problem solving is difficult, prone to errors and
inflexible. Sweller argues that attempting to solve a novel problem with non-automated
rules is likely to be a difficult or impossible task for the vast majority of people. (1989:
458-459).

Sweller argues that a heavy emphasis on problem solving as a strategy for learning
mathematics – as against a strategy for practicing and integrating already learned knowledge
- is not the best way to acquire either schemas or rule automation because the approach
imposes an excessively heavy cognitive load on the learner’s short-term processing capacity.

We stated a proposed causative relationship at the outset of this chapter: that the use of
methodological forms based on a ‘learner-centred’ approach that, in turn, imply a theory of
learning based on the ‘active discovery’ of knowledge by the learner with the teacher as a
‘facilitating supporter’ rather than as an ‘instructor’, is a significant cause of poor learner
performance. This statement, plausible in itself given the primary evidence reviewed in the
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exploratory study, is located within a ‘stream’ of educational research both local and
international.

Stated in the positive, the hypothesized causative relationship becomes: The use of
methodological forms based on a ‘teacher-centred’ approach that, in turn, is based on a
cognitive theory of learning requiring the direct and guided instruction of content by teachers
in which attention is paid to the importance of short-term processing capacity and long-term
memory, and the relationship between them, will result in a significant improvements in
learner performance.

Sociological theories and models capture limited aspects of social reality and, hence, the
empirical limits (boundary conditions) of a theoretical statement must necessarily be defined
within which the theory can be expected to hold (Dubin, 1969). At the outset, therefore, it is
necessary to state the most significant limits to the range of this hypothesized causative
relationship beyond which the operational effectiveness of the theoretical independent
variable (direct/guided instruction) may not be empirically evident.

Abadzi (2006) notes that insights flowing from the body of research she reviews are most
applicable to the early years of education in primary schools though they are less clear for
intermediate and later years. Kirschner at al. (2006) argue that the benefit of guided
instruction only begins to recede when learners have acquired sufficient knowledge to
provide ‘internal’ guidance to problem solving.

The first boundary condition notes that the proposed theoretical relationship is limited to the
learning of the fundamental concepts and competencies of mathematics by young learners in
primary schools. It may not be applicable to all learning of all subjects at all stages of
schooling, or even to the learning of more sophisticated and complex competencies in
mathematics at senior secondary or tertiary levels.52 Once fundamental competencies have
been established (in long-term memory), it is possible that the effectiveness of the
independent variable begins to recede and learner-centred methods become more workable.

52

Nonetheless, it is logical and plausible to assume that unless learners master these fundamental mathematical
concepts and competencies in the first instance, they will be very seriously limited when attempting to learn
more sophisticated complexities, no matter what methodological forms are utilized in order for them to do so.
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Designing an intervention programme through which the hypothesis can be tested

To coin a phrase, the hypothetical causative proposition at which we have arrived could be
characterized as ‘instructionalist’ and was operationalized in the form of a programme of
instruction consisting of teacher and learner materials for a period of 14 weeks with 70
lessons for Grades 3, 4, 5 and 6.

The intervention treatment is based on the principles of direct instruction, using both
memorization and extensive regular practice of newly learned content, before extensions into
‘learner-centred’ activities requiring minimal teacher instruction and guidance are attempted.
The emphasis is placed strongly on the ‘teacher teaching’ and the ‘learner learning’. Within
this overall/guiding design parameter, a number of specific features are included.

The programme deals with the fundamental conceptual and procedural competencies of
numeracy described in the Assessment Standards (AS) of the National Curriculum Statement
(NCS) for the then-Learning Outcome One (LO1): Numbers Operations and Relationships53.
The acquisition of these competencies is the essential requirement for achievement in the
other Learning Outcomes and in higher-order mathematics in general. Learners must
transcend pre-mathematical counting methods and develop the ability to calculate if they are
to be able to deal with problems in any of the Learning Outcomes. For example, LO4
required learners to calculate volume which requires the prior ability to multiply which is a
LO1 skill. The period of 14 weeks for the intervention was chosen to comply with the thenallocation of around 40% of total instructional time to LO1 in the instructional year of 32
weeks.54

The programme deals with the content for Grades 3 to 6 because Intermediate Phase (Grades
4 to 6) represent the crucial neurocognitive and conceptual developmental link/interface
53

The division of the mathematics curriculum into Learning Outcomes has since been discarded though,
obviously, the competencies with which they deal must still be learned.
54
South African schools (theoretically) provide classroom instruction for a total of around 32 weeks each year.
A typical school year consists of 40 weeks but the respective departments of education typically allocate at least
2 weeks to ‘assessment’ each term during which no instruction is provided. In practice, the majority of schools
do not provide even 32 weeks; disruptions due to the long period of enrolment at the start of the year and a long
‘wind-down’ at the end of the year typically reduce instructional time by around 13 weeks and, once unplanned
disruptions like strikes, competitions, bereavements and so on are included as well, schools may provide as little
as 25 weeks, or even less, of classroom instruction.
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between fundamental numeracy at Foundation Phase (Grades 1 to 3) and more advanced
mathematical education from Senior Phase (Grades 7 to 9) onwards. By the end of
Foundation Phase, learners should have mastered basic computational methods and have
discarded simplistic pre-mathematical counting.

We were aware that around 80% of South African learners are below the minimum expected
competency level for the grade levels in which they are enrolled and that learners have
persistently been promoted from grade to grade without mastering the content and skills at
each successive level. Most schools have become, in effect, multi-grade in which teachers at
all levels are faced with classes in which learners exhibit an enormous range in ability from
the innumerate to the very few who are genuinely mathematically competent.

Each learner workbook, consequently, provides content based on the AS for all levels from
Grades 3 to 6 and the programme provides a diagnostic and continuous assessment system
that is intended to allow learners to work with and progressively acquire the skills and
content they have missed in previous grades, irrespective of the grade in which they are
currently enrolled.

The assumption is that mathematics is a cognitively hierarchical subject in which learning is
both cognitively and conceptually cumulative. Grade 6 learners, for example, who have a
Grade 3 level of competence, cannot possibly learn all of the facts, skills and procedures
required by Grades 3, 4 and 5 in one year, and be expected to simultaneously achieve a Grade
6 level of performance. The ‘internal’ assessment system, therefore, aims to control the
exposure of learners to the correct (appropriate) complexity level in practice of novel content
to be learned in relation to what they already know, what Vygotsky refers to as the ‘zone of
proximal development’ (Chaiklin, 2003). The operational objective is to provide consistent
feedback in the system sense to ensure that learners are allowed to practice the content taught
by the teacher at the first level beyond what they already know and then to progress to
higher/more complex cognitive/conceptual levels from that starting point.

Each Teacher Manual provides largely scripted lessons and is keyed to the different weeks
and days of the exercises in the Learner Workbook. Since a teacher cannot present lessons at
four different levels of learner competence during each lesson, he/she presents direct
instruction in and explicates a specific skill, competence or operational procedure. Learners
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are referred to the section of the workbooks that allow them to practice this skill or procedure
at their own level of competence. The teacher, for example, may present a lesson on
‘borrowing and carrying’ that is practiced by learners in exercises with differing numbers of
digits from two single digit numbers to sets of multiple digit numbers.

The learner workbooks are designed for use by each learner for all of the three years/grade
levels in Intermediate Phase. A learner entering the programme in Grade 4 receives a
workbook only once which he/she retains for this period. This provides both teacher and
learner with a complete three year competency-based record of performance in basic
mathematics, including teachers at Grade 6 and even higher.

Compared to workbooks which cover only one grade-level of content, one of which must be
provided to each learner for each year, this results in a two-thirds reduction of the three-year
per capita cost of the instructional programme. This is an important factor for proposed
development programmes in the context of national budget constraints. The per capita cost
for workbook supply in 2010 was R84, if learners actually do keep the workbook useable
between Grade 4 and 6, the per capita cost of materials supply falls to R24 p.a.55

The practical process of using the programme starts with the diagnostic testing of learners to
measure their actual grade-level ability for each of the four operations for the grade levels
they have supposedly already passed. Grade 4 learners are tested to see whether they have
grasped the content at Grade 3 level; Grade 5 learners are tested to see whether they have
grasped the content at Grade 3 and 4 levels, and so on.

Using the results of the diagnostic test, each learner is allocated to one of the four learner
workbook groups for each operation that corresponds to his/her actual ability level:
ONE

=

TWO

=

THREE

=

FOUR

=

55

has not grasped content for Grade
3 level
has grasped content for Grade 3
level
has grasped content at Grade 3 & 4
levels
has grasped content for Grade 3, 4
& 5 levels

=
=
=
=

will start on exercises at Grade
3 level
will start on exercises at Grade
4 level
will start on exercises at Grade
5 level
will start on exercises at Grade
6 level

We found, in practice, that storage conditions in many schools are so poor that it was necessary to budget for,
at least, a 10% attrition rate each year. This is, essentially, a managerial problem.
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At the start of the programme, each learner will probably be at different actual ability levels
for each operation. For example, a learner, Chauke AK, in Grade 6 may be at FOUR level for
addition, THREE level for subtraction, TWO level for multiplication and ONE level for
division. Only once a learner has mastered one level can he/she move onto the exercises for
the next symbol, i.e. work at the next level of cognitive complexity. It was always assumed
that competence in (lower order) addition and subtraction would necessarily precede
competence in (higher order) multiplication and division.

The annual cycle of the programme allows multiple opportunities for reviewing progress
toward specified performance goals, providing extra instruction and practice, or even
extension exercises, as required. The fifth day of each week – as well as the whole of the
tenth week - is allocated to this process. The complete cycle is as follows:
YEAR ONE
Initial diagnostic test
Start programme
Day 2 & 3 of each week
Day 4 of each week
Day 5 of each week
End Week 4

End Week 9

Week 10
Formal assessment at end
of Week 10
Start Week 11
Weeks 11 to 14

Measure actual ability level for each operation for each learner
Use results to allocate each learner to ability symbol for each operation.
Learners work only at this level at first. Start instruction.
Teachers provide answers & exercises self-marked by learners
Teachers score & record marks for learner exercises; identify those who
need help & those who can be given extension exercises on Day 5
Revision and extension day: Provide re-teach/catch-up & extension
exercises for learners, as applicable
Record marks for assessment of addition and subtraction to assess which
learners need help and which can be given extension exercises for these
operations in Week 10
Record marks for assessment of multiplication and division to assess
which learners need help and which can be given extension exercises for
these operations in Week 10
Revision and extension week: Provide re-teach/catch-up and extension
exercises for learners for 4 operations depending on results of Week 4
and Week 9 assessments
Measure actual ability level for each operation for each learner for next
year
Learners allocated to lowest ability level obtained for any of the
operations for these weeks: number facts & fractions
Learners work on the exercises marked by the relevant symbol for this
ability level; can progress rapidly to next symbol based on performance

YEAR TWO
Start programme

Use results of formal assessment at the end of Week 10 in Year One to
allocate each learner to ability symbol for each operation. Learners work
only at this level at first. Repeat the cycle.

Each lesson presented on Days 1 to 4 is constructed according to the same design. Since the
objective was to ensure that the methodological forms that are assumed by the hypothesis to
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result in significant improvement in performance were, in fact, used in classrooms, this
design was strongly stressed. This description of the lesson process is drawn directly from the
Teacher Manual:

Stage and Timing of
Lesson
1. Preparation before
lesson

2. Mental Arithmetic: ±
10 minutes

3. Teaching: ± 20 minutes

4. Learner Exercises: ± 30
minutes

Classroom Activity
Before lesson, carefully read through Teacher Manual & Learner
Workbook for that Week/Day. Familiarize yourself with the content.
Write required work indicated in Teacher Manual on board before the
lesson starts & before the learners arrive in the class.
Whole process takes no more than 10 minutes from start to finish.
Learners are allowed only 3 minutes of this time to complete the test
whether they are finished or not. Books are exchanged, teachers read out
the answers & learners mark each other’s work. Teachers quickly review
performance but do not mark or record the quick tests. These daily tests
are intended to increase the speed & accuracy of learners’ retrieval skills
through practice.
The teacher teaches content for 20 minutes using the preparation written
on the board before the lesson. Teachers should teach directly from the
Teacher Manual. Teachers should directly teach and directly explain
the content of the lesson to learners who listen, watch and learn. It is
very important that teachers realize that their role here is as a teacher and
not as a ‘facilitator’. Learners should not be asked to solve problems on
the board, or in pairs/groups, while you are teaching because only those
who already understand the content will be able to do so & the others
will receive no input – exactly the learners who most need it! Only once
the teacher has completed his/her direct teaching of the content should
he/she ask a few learners a question or two – concentrating on those
learners the teacher knows are weak – to gauge how well the content
was presented.
Individual learners (friendship-based pairs of similar-ability learners are
also usable) complete sets of exercises based on the content they have
just learned for 30 minutes. They should be in rows not in groups &
should be able to work on their own. Teachers should circulate
constantly and interact with individual learners – weak and strong.
Teachers now have plenty of time to gauge how well the class has
understood the content teaching he/she has presented that day. Do not
use this time for marking learners’ work!

Content sequence and pacing of the intervention treatment:
Weeks 1 to 4 Place value, add, subtract & round off
Weeks 5 to 7 Multiplication
Weeks 8 to 9 Division

Weeks 10 and 11
Weeks 12 to 14

Number facts
Fractions

Conclusion

This chapter has resulted in the statement of a hypothesis, based on exploratory research,
other evaluation research and learning theory. This hypothesis rests on the proposition that a
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model of ‘teacher-centred’ education, based on the basic findings of neurocognitive science,
and including direct instruction, the use of short and long-term memory and regular
opportunities to practice newly learned content, will result in significant improvements in
performance. The counterfactual is provided by routine schooling which employs approaches
based on restricted or minimal teacher guidance and methodological forms that avoid the use
of memorization and restrict learner opportunities for regular individual repetitive practice of
newly learned content.
We have already identified one ‘boundary condition’ that applies to this proposition. It
applies to the learning of novel information by young learners in primary schools and it may
begin to lose its predictive ‘power’ as newly learned information is cumulatively and
sufficiently assimilated into long-term memory to provide ‘internal guidance’ to problemsolving.
To this we add a second condition. In an effectively ‘multi-grade’ system, the proposition is
most likely to result in improved performance if learners are initially exposed to content at or
near their actual, rather than presumed, level of cognitive and conceptual capacity.

The use of an experimental design and random selection from an essentially homogenous
population controls for the effects of other independent variables that have been shown to
affect learner performance (van der Berg, 2007; Crouch and Mabogoane, 1998; Gustafsson
and Mabogoane, 2010; Fleisch, 2008; Carnoy, 2012) and is capable of establishing whether a
causative relationship exists between treatment and effect; between strategy and impact.
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CHAPTER NINE
DOES THE MODEL ‘WORK’ OR CAN WE REFUTE IT?

A RANDOMIZED CONTROLLED TRIAL (2007)

The primary objective of an evaluation design is to subject a proposed causal relationship to
empirical testing. Does the proposed relationship predict accurately the effect of the
independent variable/s on the dependent variable?

Education and evaluation research has suffered for some time from the perception that it has
produced little reliable and useful information for use by policy makers and educational
practitioners. In response, evaluation researchers have sought to improve the reliability of this
work through the use of more scientific designs (Levin, 2004; Carlson, 1999).

Experimental designs in which project and control samples are randomly selected are
generally considered the most robust of the programme evaluation methodologies (Shadish,
Cook and Campbell, 2002; Baker, 2000; Phye, Robinson and Levin, 2005; Seekings, 2003)
although Mosteller and Boruch (2005) comment that randomized field trials, commonly used
in other disciplines, are still rarely employed to measure the impact of education practice.

Hsieh, Levin and Robinson (2003), basing their findings on evaluation studies that appeared
from 1983 to 2004 in four educational psychology journals (Cognition and Instruction;
Contemporary Educational Psychology; Journal of Educational Psychology; Journal of
Experimental Education - and the American Educational Research Journal (AERJ) found
that the percentage of total articles based on randomized experimental designs actually
decreased over the 21-year period in both the educational psychology journals (from 40% in
1983 to 34% in 1995 to 26% in 2004) and in the American Educational Research Journal
(from 33% to 17% to 4%).

Carlson (2000) comments that the difference between experimental or theoretical research
intended primarily to acquire new knowledge of the underlying phenomena and observable
facts on the one hand, and applied research intended to evaluate the effectiveness of
interventions on the other, has contributed to the tension between different approaches to
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educational research. In common with Levin and O’Donnell (1999), Carlson rejects this
dichotomy arguing that:
“What is misleading in the basic-applied dichotomy is the fact that use-inspired
research has for a long time affected research in the basic sciences and basic research
has affected use-inspired research. This point seems to be missed by those … who are
exclusively on one side or the other. On the one hand, there are those ‘basic’
researchers who have little or no interest in application and feel that they can learn
nothing from it. On the other hand, there are those ‘applied’ researchers who … attack
laboratory and experimental approaches in favour of a contextual paradigm that seems
almost uninformed by basic research” (2000: 240).
Carlson’s comments are an echo of the distinction drawn by Merton (1949) between general
theories of social systems which are too remote from particular classes of social behaviour,
organization and change to account for what is observed in the phenomenal world and those
detailed orderly descriptions of particulars that are not generalized at all. The most
fruitful/feasible area for research lies in the ‘middle range’ intermediate between the two
extremes.

That experimental randomized controlled trials (RCT) have their limitations in the Social
Sciences is increasingly acknowledged. Harrison (2011), argues that there are different forms
of ‘experiments’ available, one of which is a RCT, that form a flexible continuum and that
there are questions that other methods besides a RCT might answer. Also writing from within
the econometric field, Deaton argues that while an RCT, properly conducted, especially in
terms of the handling of exogeneity and heterogeneity, is useful for obtaining a convincing
estimate of the average effect of an intervention programme, the design inherently produces a
focus that is too narrow to tell us “what works’ in development, to design policy, or to
advance scientific knowledge about development processes” (2010: 426).

In this sense, neither Deaton nor Harrison place special epistemological priority on an RCT
within a research programme, seeing it as another research tool available to researchers, and
one that does not necessarily provide answers to the ‘why’, ‘how’ and ‘under what conditions
can it be replicated’, questions frequently asked of programme evaluation research. Deaton
welcomes recent trends in developing experimentation away from the evaluation of ‘projects’
and toward the evaluation of theoretical mechanisms: “the best of the most recent
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experimental work is focussed on the investigation of potentially generalizable mechanisms
that explain why and in what contexts projects can be expected to work” (2010: 426).

We have already touched on some of these issues and will do so again as we progress through
the chapters to come. In short however, the research programme of the PMRP described in
Chapter 1 consisted of a series of complementary studies, using different designs and
methods as the research process and context unfolded: the exploratory re-analysis of existing
data from previous studies to define a model (Phase I); a randomized controlled trial to test
the model (Phase II); and a follow-up large-scale, non-experimental, whole population
replication study to establish the external validity of the RCT, and to identify the conditions
under which the effect of model obtained by the RCT can be obtained in the ‘real-world’
(Phase III).

Both Deaton and Harrison do agree that a RCT is a powerful tool in measuring what happens
and ascribing causation during evaluation research into the effects of a developmental
intervention. Randomisation results in comparable treatment (project) and control groups that
are statistically equivalent to one another, and are both representative of the population from
which they are selected, given appropriate sample sizes (Slavin and Smith, 2008; Krejcie and
Morgan, 1970). Randomisation, therefore, eliminates the problem of selection bias and
allows the use of a valid counterfactual control against which to obtain a reliable estimation
of the effect of independent variables introduced by the intervention on dependent variables
in the treatment group. All other external and independent variables are controlled and
influence equally the performance of both the treatment and control groups.

Most significant limitation of the RCT

The complete treatment programme was designed to operate in three-year cycles from the
standpoint of an individual learner who enters the programme at the beginning of Grade 4
and exits at the end of Grade 6 (i.e. Intermediate Phase). A ‘true’ RCT should have, therefore,
operated over three years and tracked a cohort of learners from pre-test at entry to exit three
years later. The research grants could not accommodate a study of this duration and the
PMRP RCT was necessarily based on only one cycle of treatment through exposure to the
intervention. The Grade 6 learners who were tested, in particular, did not receive any prior
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treatment in previous years and could reasonably be expected to have obtained a much higher
estimate of impact if they had been exposed to the two previous cycles.

This is the most general context in which this chapter should be read and interpreted. For the
sake of brevity, it is not continually repeated as a caveat throughout the analysis of the RCT,
especially since much of this analysis already makes repeated reference to another aspect of
the ‘treatment-coverage’ problem in the form of exposure during the first (only) cycle on
which the RCT was based.

Sampling, selection and preparation

The greater the degree to which a sample reflects differences between regional, historical,
social, educational and economic contexts, the more it adds to the ‘external validity’ of the
findings of the research, i.e. the greater the likelihood that the intervention can be replicated
in different contexts with the same, or similar, results. That, ideally, requires the construction
of a national sample that reflects multiple variations in contextual environments and
conditions. Researchers very rarely get the opportunity to work with samples of this scale and
nature outside of the large-scale studies operated by the department (NSE) or through
international comparative studies like TIMSS and SACMEQ.

The initial design of the PMRP RCT envisaged the application of the intervention in a
sample comprised of two groups of schools in completely different contexts representing the
extreme range of outcomes and conditions in the great majority of schools in the country: the
rural and remote villages of North East Limpopo and the established urban townships around
Johannesburg, Gauteng.

The National Systemic Evaluation (DOE, 2005) for Grade 6 showed that Limpopo recorded
the lowest provincial mean for mathematics: 19.4% compared to the national mean of
27.1%. Schools in remote rural Limpopo recorded the lowest mean (17.2%) of any subgroup
within the national population for mathematics. On the other hand, schools in Gauteng
obtained the second highest provincial mean for mathematics of 33.8% compared to the
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national mean of 27.1%, outperforming all other provinces with the exception of the Western
Cape (provincial mean of 40.2%).56

Approval in principle of the RCT was provided by national and both of the provincial
departments of education by late 2006. Limpopo responded immediately with operational
approval at district level while Gauteng, despite numerous reminders, had not responded at
this level by May 2007. With the approval of the Zenex Foundation as the grant provider, and
of the national department, Gauteng was dropped from the trial. Just days before programme
launch, a Gauteng district communicated its approval, too late for inclusion.57

The consequence was that the Gauteng urban component was lost to the trial sample with the
compensation that the Limpopo rural component was doubled in size from the original 20
schools in each provincial setting. While this is undoubtedly regrettable, Howie, after noting
that the influence on mathematics achievement of the location of the school in either rural or
urban areas is not surprising given the under-development in rural areas in South Africa,
concludes that:
“As 50% of South Africa’s population live in rural areas, the fact that students
attending school in rural areas seem to perform worse in mathematics than those
attending schools in urban areas should be of serious concern to the education system
and other authorities and policymakers” (2003: 238).

The Vhembe District in Limpopo includes a very high proportion of schools in what were the
former Venda and Gazankulu homelands. The Malamulele area within this district has a
number of schools in the town and surrounding districts of Malamulele itself, while the
Saselamani area is a ‘semi-urban’ setting for a few more. The overwhelming majority of the
schools are situated in villages, some of them near or alongside the North East boundary
fence of the Kruger National Park as far North as Punda Maria.

These are the lowest performing schools in the country and the area has historically not been
included in any large-scale external NGO interventions. They are producing some of the
worst outcomes in Africa and, considered as part of the wider national rural environment and
56

The different demographics and historical development of the W. Cape make the province atypical of the rest
of the country
57
An example of the difficulty of implementing comprehensive research designs in the complexity of the South
African context.
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providing schooling for just over half of all of South Africa’s learners, they represent the
most challenging and intractable problem of all to the respective provincial departments of
education in attempting to improve the quality of the outcomes of schooling in general, and in
mathematics education in particular.

A total of 40 schools were identified in the Malamulele North East, East and Central circuits
of the Vhembe District by the respective Circuit Managers. In total, there are 72 schools in
these circuits that offer Grade 4 and three that do not, i.e. are senior primaries. The only
criterion, besides willingness to participate, provided to the Circuit Managers for their initial
selection was that none of the schools should be involved in any other current or recent
departmental or NGO intervention programme. The departmental Khanyisa Programme was
winding down in a number of the schools in one of the circuits at the time and they were
excluded from selection.

Each of the 40 schools was invited to nominate two teachers, one at Grade 4 level and one at
Grade 6 level, who were willing to participate in the intervention. ‘Willingness’ was used as
the criterion at both school and teacher level to help reduce resistance to participation by
disaffected schools/teachers in either of the project or control groups.

Randomization was applied at school-level. There are multiple sources of variation that
potentially influence intervention effect within any group of schools: different socioeconomic
status, level of school functionality, level of managerial expertise, level of teacher
professionalism, and so on. It cannot be assumed that statistical reliability can be obtained
simply through a large sample of learners.

Randomization at teacher, or learner level, results in the distribution of teachers and learners
in both project and control groups across all of the schools and classrooms participating in the
study. Randomization at learner level, in particular, creates significant, even insuperable,
practical problems for both sample validity and organizational feasibility. Schools would
need to alter the usual division of learners into two or three classes (A, B, C) in favour of a
project/control division, and if there were only one teacher at a school, he/she would need to
teach both project and control groups. Randomization at either teacher or learner level would,
consequently, result in too high a degree of potential interaction and influence between the
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treatments received by the project and control groups to expect sensibly a control group that
is free of intervention effect.

School level randomization, on the other hand, produces whole schools in which teachers and
learners either participate in the intervention programme or they do not, and do so without the
necessity for radical reorganization of the routine instructional arrangements in all of the
schools.

In any case, it is not easy to maintain a strict project/control distinction in the context of
schooling in the Malamulele Area, even with randomization at school level. There are a
number of schools in each village, and villages are relatively close to each other. Principals,
teachers and learners from different schools interact regularly on a formal level, e.g. at
departmental meetings, sport events and INSET workshops, as well as informally as part of
their professional, social and personal communities.

This situation was not unanticipated and the overall process of randomization was,
accordingly, integrated with the formal intervention launch at which the programme and the
evaluation was formally presented to the broad political, social and educational community in
which it would operate. The first decision was to make the intervention and the evaluation as
public, widely known and understood as possible as an ‘important’ and ‘official’ educational
event in which 40 schools were invited to participate. No distinction was made between
project and control groups at this point.

All of the 40 schools were notified by the Circuit Managers of the launch and a representative
of the School Governing Body (SGB), the principal, the mathematics Head of Department
(HoD) and the two mathematics teachers (Grade 4 and Grade 6) were invited to attend. The
launch was hosted by the Vhembe District and included representatives of the provincial,
district and circuit levels of the department, along with the main teacher organizations in the
area, the South African Democratic Teachers Union (SADTU)58 and Professional Educators
Union (PEU), along with senior representatives of the traditional leadership.

58

The SADTU representative also represented the ANC
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The context in terms of learner performance was explained, including presentation of the
NSE and SACMEQ data, as well as the purpose, objectives and methods of the intervention
and the evaluation. Emphasis was placed on the fact that, although all of the schools would
participate in the evaluation study, the intervention itself was an experimental programme in
which some of the schools would participate and others would not. Teachers from schools
that were randomly selected to participate in the intervention would receive training and use
only the programme materials that would be supplied, while those that were selected for the
control group would simply continue using the routine departmental common work schedules
and associated materials.
Very strong emphasis was placed on the fact that the study, as an ‘official’ research activity
within the Provincial Learner Attainment Strategy, was intended to provide evidence-based
support to schools and teachers in their efforts to improve learner performance in
mathematics. The explicit endorsement of the study design by the assembled representatives
was instrumental in driving the point home that schools and teachers had nothing to ‘fear’
from the intervention or from the evaluation, whatever the outcomes of the study.
The importance of a control group in an experiment as a ‘counterfactual’ was explained in
detail and at some length. The evaluation was not aimed at schools, teachers or learners. Its
only objective was to test the effectiveness of the intervention programme and materials by
comparing the performance of learners exposed to the intervention with that of learners who
were not exposed. The findings of the research would enable us to understand whether the
programme should or should not be expanded to include more schools, including the controls.
It was, therefore, in the best interests of the schools that were selected for the control group to
maintain a strict difference between them and the project schools.

In terms of the ethics of the exclusion of the control group from the intervention programme,
it was made clear that schools allocated to the control group could be confident that they
would be the first to be included in the next implementation of the programme, should that be
justified by the results of the study. And, if the results of the study demonstrated that the
programme was no more effective, or even less effective, than the routine departmental
methods and materials used in all of the schools at the time of the launch, the teachers and
learners in the control schools would not have been excluded from any beneficial
intervention. In the end, in 2010, all of them were included, along with the rest of the schools
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in the three circuits that had been excluded because of participation in Khanyisa and all of the
schools in two ‘new’ circuits that entered the programme in 2010.

Subsequent to the launch itself, the alphabetical list of the participating schools was
numbered from one to forty; even numbers were allocated to the project group and uneven
numbers to the control group. Schools were informed of the group to which they were
allocated and that one whole class of each participating teacher would be tested before and
after the intervention in both groups while, in project schools, this class would also
participate in the intervention programme.

The consequence was that no learner sampling was necessary at school level and that each
teacher could teach his/her usual classes without the disruption created by a need to combine
learners into a new temporary ‘intervention’ class. In project schools, there were no
implications for sample validity if the teacher concerned used programme materials/methods
in all of his/her classes. In fact, encouraging teachers in project schools to use what they
wished of the programme in other classes besides the treatment group helped to
institutionalize it in the practice of the whole school, thus giving the research a more realistic
basis in terms of normal school functioning, as against one isolated teacher/class within a
school where everyone at the same grade level was doing something else.

Random selection is very effective in providing samples in which differences between groups
are controlled though this generally becomes progressively more true the larger the sample.
In the case of the sample schools, there was very little reason to believe that there would be
significant differences between the project and control groups. Schools in these circuits are
all very similar to each other, they draw teachers and learners from similar communities and
have historically similar provisioning levels. These communities are largely housed in
villages with little socio-economic differences between the community members, the
majority of whom are dependent on subsistence farming and/or social grants. In most of these
villages there is a high level of migration to urban areas by younger adults and the
consequence is that around half, if not more, of all learners live with grandparents and some
with older siblings. Reports from department officials, principals and teachers consistently
confirmed that the children of more affluent families. chiefly those in state employment like
teachers, nurses and social workers, as well as those engaged in small-scale retail trade, did
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not generally attend the sample schools at all but were accommodated in local independent
schools, or in ex-Model C and independent schools further afield.

Along with testing, all of the schools were visited before intervention delivery commenced
for lesson observations and interviews with mathematics teachers. The objective of this part
of the research was to confirm that the project and control groups were reasonably well
matched with regard to variables like SES, pre-existing supply of materials, presence of other
intervention projects, existing classroom methodologies, work scheduling and curriculum
management, level of drill and practice demanded of learners, frequency and level of applied
games, puzzles and so on. These pre-visits confirmed that there were no consistent
differences between the project and control groups and that, as expected, they were very
similar to each other, idiosyncratic differences at individual schools in both project and
control groups notwithstanding.59

Data collection instruments
Items for the two test instruments, standardized for Grade 4 and 6 levels against the AS of the
NCS, were constructed/adapted from three sources:


Items dealing with LO1 from the National Systemic Evaluation instrument were used
with the permission of the National DOE (Part One of both instruments)



Items used in the previous ESA instruments, now standardized for the respective
Grade levels, were used in Parts Two (arithmetic operations) and Four (word sums),
as well as most of Part Three (other non-arithmetic operation items for LO1). A
couple of new items were also added to Part Three for the Grade 6 instrument.



New items were used at post-test for Part Five (arithmetic operations standardized for
Grades 4 and 5) to provide an indicator of impact at these levels for Grade 6 learners.

59

The most interesting of which was the (project group) school in which the principal had enrolled all of his
own children – an exceptionally unusual occurrence!

163

Table 22: RCT: Item distribution in test instruments
Part
One
Two
Three
Four
Five
Total

Description
LO 1 items from the National Systemic Evaluation instrument
Items dealing with the four operations from the instrument used
in Phase I - but standardized for these grades
Other LO 1 items (counting, shapes, fractions, decimals
conversions, relationships, sequences, factors) from the Phase I
instrument - but standardized for these grades
Word sums (matched with operations from Part Two)
Operations based on Assessment Standards for Grades 4 and 5

n of items
Grade 4 Grade 6
12
16
20

20

11

22

8
n/a
51

8
20
84

Item analysis is usually used to help select items for test instruments used in longitudinal
designs in order to obtain a reasonable spread of baseline scores on items ranging from
simple to difficult. In this case, it was carried out only after the baseline data had already
been obtained. As we note above, the instruments were instead standardized against the
expected/predicted learner performance levels stated in the NCS rather than against expected
difficulty distributions.

We already knew that over 80% of learners were below their expected levels of proficiency
for the grade at which they were enrolled. The figure for mathematics in Limpopo was just
over 90%, and that over 50% of Grade 6 learners were at a Grade level proficiency of Grade
3 or below. Therefore, using item analysis to produce an instrument easy enough to consist of
‘normal’ difficulty distributions for a Grade 6 instrument would necessarily involve using
many items based on Grade 3 AS, and progressively less items from Grades 4, 5 and 6. Since
the objective of the PMRP was to ultimately improve learner performance to its expected
standards in a near-universal context of multi-grade (i.e. mixed ability) classes, this would not
have been appropriate for instrument design. It would have resulted in an instrument on
which it would have been very much easier to obtain significant impacts on learners and thus
to overstate the effect estimation of the intervention.
The only compromise in terms of ‘simplifying’ the test was to add 20 items dealing with
arithmetic operations, based on the Assessment Standards for Grades 4 and 5, to the Grade 6
post-test instrument, to provide an indicator for the degree to which the intervention managed
to deal with the problem of improving ‘missing’ content knowledge. It would undoubtedly
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have been better to include these items in the pre-test instrument as well but they were
included as a ‘second thought’ during the internal mid-study review.

Table 23: RCT: Item analysis at baseline of test instruments
Actual % of items
Difficulty index

Suggested % of items

Grade 4

Grade 6

> 75

25

55

48

25 - 75

50

33

49

< 25

25

12

4

100

100

100

The disjunction between expected and actual performance levels of learners on standardized
instruments is immediately apparent. Whereas the recommended proportion of items at a
difficulty level of over 75 (on a scale of 100) is 25%, both Grade scores were close to double
that. The other end of the scale is equally unbalanced and there are fewer ‘easy’ items with a
difficulty level of below 25 than suggested/expected. Only in the mid-range, with a difficulty
level of between 25 and 75, was the actual proportion of items almost exact for Grade 6, and
somewhat closer to the expected for Grade 4. Nonetheless, the item analysis indicated that the
instruments were capable of providing reliable longitudinal data about learner performance.
There were many items available to measure improvements in performance.

Indicators

Two primary indicators of impact on learner performance were stated as:


A statistically significant increase in score of the project group over the control group
between pre and post testing;



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

Intervention Effect: Analysis of Impact on Learner Performance

Pre-tests were administered before the commencement of the intervention programme in 40
schools, 20 in each of the project and control groups. Testing was complete by the end of
Term Two in early June, 2007.
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Table 24: RCT: Schools and learners tested by group: pre-tests (n)
Project group
Control group
Total

Schools
20
20
40

Grade 4
974
803
1,777

Grade 6
871
776
1,647

Total
1,845
1,579
3,424

Post testing was conducted in the second and third weeks of November to give the teachers in
both groups as much time as possible to complete their respective instructional programmes.
In one of the control schools, testing at Grade 4 level could not be administered because
“learners have already been dismissed for the year”. The same was true in one of the project
schools at Grade 6 level, while in another, also at Grade 6, the teacher was transferred before
classroom implementation began and the programme was not presented for learners at all.

The pre-test scores from these schools for the relevant grades were discarded from the data
set. In addition, there was the expected ‘routine’ attrition of the sample due to absentees on
the test day, pre-test scores for these learners were also discarded.

Table 25: RCT: Schools and learners: post testing (n)

Project Group
Control Group
Total

Grade 4
Learners Schools
860
20
740
19
1,600
39

Grade 6
Total
Learners Schools Learners Schools
700
18
1,560
38
732
20
1,472
39
1,432
38
3,032

Treatment heterogeneity, programme coverage and the problem of school functionality

The primary impact analysis for the RCT was carried out at school level, the unit of
randomization. It made no distinction between schools on the basis of the degree of
intervention coverage presented to learners and provided the most ‘demanding’ form of
impact analysis; the form least likely to provide a false estimate of significant positive impact
on performance.
In fact, the opposite was true, it was rather more likely to ‘mask’ or understate positive
impact estimation since it did not take into account an important external or confounding
variable with an inevitable influence on the intrinsic value of intervention effect; a relatively
high level of heterogeneity in the treatment received by learners in the project group.
Although the majority of teachers completed, at least, Week 11 of the 14 week programme, a
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few reached only Week Three or Four. At the extreme low end, the analysis includes the
scores of schools in which only 12 of the possible 56 formal lessons of the programme were
presented by one or both of the teachers.

It is easiest to illustrate the practical effect on impact estimation of this heterogeneity in the
treatment provided by different schools/teachers to learners by considering that the first four
weeks of the instructional programme dealt with the basics of place value, addition and
subtraction. By the end of Week Eleven, multiplication, division and basic number
facts/patterns had been completed and Weeks Twelve to Fourteen dealt with fractions and
number facts. The test instrument contained items dealing with all of these generic
competencies and assumed that learners in project schools would have received instruction in
them. Theoretically at least, so should the learners in the control schools, all of whom had
completed their routine instruction according to the common work schedules of the
department by the time the post-tests were administered. How much of the ‘routine’
curriculum was, in fact, covered by the control schools is unknown. It was not, of course,
‘unknowable’, but the available research grant did not allow for the extension and detail of
research required to investigate the question other than a self-reported level of routine
coverage. In the event, all control schools and the department officials at district and circuit
levels, reported that they completed the ‘routine’ curriculum.

A fundamental assumption of a RCT is violated if the schools/learners in the project group do
not receive substantially the same treatment across all of the schools in the group (Shadish,
Cook and Campbell, 2002; Deaton, 2010). In this case, the violation was compounded, not
only did different schools in the project group reach different levels of coverage for their
learners, but learners in the control schools should, theoretically at least, have received
instruction in all of the content competencies not presented in some of the project schools.

To describe the effect of this heterogeneity in treatment, gains in mean learner scores for
Grades 4 and 6 between pre and post testing in the project group were compared against three
different categories, the whole project sample of schools irrespective of coverage, schools in
which learners were exposed to at least half of the programme (i.e. Week Seven) and those
which reached at least Week Eleven.

Gain in score between pre and posttesting (%)
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Figure 15: Summary of % point gain between baseline and post testing for
different levels of programme coverage by the project group
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The effect of the increasing degree of programme coverage is obvious, and is not surprising,
but it illustrates one of the problems in RCTs. The variable coverage is extrinsic to the
programme content and methodology per se, and its eventual actual scale/range by post
testing cannot, by definition, be predicted or estimated in advance, though it very clearly
influences the magnitude of intervention effect. Deaton, using the analysis on the macro level
of the extent to which foreign aid increases economic growth as an example, refers to this
sort of problem as;
“… the familiar problem of simultaneous causality; the effect of aid on growth, if any,
will be disguised by effects running in the opposite direction…(like)… poor
economic performance … it is not obvious how to disentangle these effects, and some
have argued that the question is unanswerable” (2010: 425).

To paraphrase Deaton: the effects of the intervention programme on the improvement of
learner performance will be disguised by effects running in the opposite direction like poor
educational performance.

In this respect, it has become increasingly evident over the last 20 years of evaluation
research that the effect of educational innovations and interventions in South Africa is
directly influenced by the willingness or capacity of schools to participate in, understand or
institutionalize these developmental programmes. Taylor (2006) comments that the most
significant 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 appear to absorb all support and
resources that are directed towards them without obtaining any improvements in learner
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performance. As a consequence, he concludes that gains in performance scores obtained by
intervention programmes would be several orders of magnitude higher, and achieved at a
fraction of the cost, if improvement programmes were able to select only those schools which
are amenable to improvement. Taylor’s articulation would be very widely shared by most
educationalists across the spectrum from the development agencies that provide financial
support to programme designers, to the practitioners who deliver the programmes and to the
researchers who evaluate them.

There are multiple empirical examples of the sort of differentiated impact on the
improvement of learner performance achieved by significant development interventions to
which he refers. Schollar (2002), for example, conducted an evaluation study of an
intervention in 50 schools in Gauteng, KwaZulu-Natal and Western Cape between 1998 and
2002. This intervention provided a significant and sustained programme of support to
teachers and to school management but just over one quarter of the schools either provided
no evidence for impact at all or, worse, provided evidence for negative impact. The eventual
outcome was that under half of all of the treatment schools eventually obtained positive gains
in performance despite significant investments well beyond anything that was available to
other schools.
Taylor’s abstract concept ‘amenable to treatment’, considered as an external or confounding
variable with a strong influence on the eventual impact on the performance of learners,
encapsulates a very large range of factors at school-level like professional or attitudinal
problems resulting in a poor work ethic; managerial dysfunctions resulting in a significant
reduction of actual instructional time in schools; poor content knowledge of teachers, and so
on. Many of these factors, not surprisingly, have been used in the research reviewed in
Chapter 3.

This issue has received increasing attention in both intervention project design and
management and in programme evaluation research over recent years. The Zenex
Foundation, for example, recently commissioned a study of school functionality to provide
information to be used for the formative management of a development programme in a
group of 52 schools in four provinces (Schollar, 2009). Data from this study, consisting of the
ranking of the schools according to a composite score derived from a set of weighted
quantitative or quantifiable indicators, were analysed by Prof. Johann Mouton of the
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Evaluation Research Agency (personal email communication), obtaining a very strong
correlation of +0.7 between average pass rates in schools and the set of eight indicators of
functionality. These indicators consisted of: human resource management; curriculum
management; use of available learning materials; maintenance of school facilities;
management of teacher absences; general school management; teacher activity in classrooms;
and an overall impressionistic researcher score.

This suggests that it is possible to develop a workable generic instrument that is capable of
providing a reliable estimation of functionality (amenable to treatment) of each school
selected for the project and control groups prior to the commencement of the intervention.
This will make possible much greater control over this variable, defined and measured pretrial, when carrying out impact analyses at post-trial. The actual ‘true’ impact of the
theoretical basis of the intervention will be more reliably and easily estimated as it will be
less obscured by confounding variables surrounding the actual delivery and reception of the
intervention programme.

I suggest that it would also be useful to use functionality estimations in the sampling process
for a RCT to produce randomly selected groups that are reliably ‘matched’ to some degree on
a pre-determined empirical parameter. If they were used post-randomization, of a larger
sample than required, to set a minimum criterion for eventual selection of schools into the
two groups of the study sample, significant advantages accrue. The practice would increase
the likelihood that the selected schools in both groups were both ‘reasonably’ homogeneous
and ‘sufficiently’ functional prior to the intervention, thus not only reducing the degree of
heterogeneity of treatment but improving the cost-efficiency of the intervention itself.

It would clearly have been much better if the RCT could have obtained a prior measure of the
external variable of ‘school functionality’ for both groups before intervention delivery
commenced, and against which gains in learners scores at post-test could be measured.
However, no functionality instrument was available in 2007 although, with hindsight, there
were obvious grounds to expect that the pre-existing level of school functionality would have
a potentially significant effect on the completion of the instructional programme, whether
derived from the ‘routine’ curriculum in the control group or from the intervention in the
project group.
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The design of the RCT controlled for this variable per se in terms of the residual impact on
the project group measured as the difference between the average pre/post effect estimations
obtained from both groups, the variable affects both groups. However, these estimations did
not necessarily reflect the real absolute measure of intervention effect in terms of the
underpinning theories and methodologies of the intervention on the project group. They
contain an error factor (a confounding variable) caused by the heterogeneity of the treatment
received by learners assumed to be determined by different pre-existing levels of
functionality. This variable, operationalized as the degree of treatment provided, i.e.
curriculum covered, needs to be taken into account to make it possible to obtain an accurate
estimate of the absolute value of the theoretical mechanisms intended to achieve intervention
effect.

To do this, we need to consider only those schools that actually did provide a significant
portion of the treatment to learners. The indicator, however, could only be applied after the
intervention has been completed and then only to the project group. The obvious problem for
a RCT is that applying a procedure to only one of the groups, by discarding scores from the
project group of learners who fall below a certain coverage benchmark by post testing while
retaining all of the scores obtained by the control group, produces a different project group.

This violates the most basic principle of randomization on which an experimental RCT is
based. Nonetheless, it is frequently used in practice in a social environment in which it is
typically impossible to predict or control in advance for all of the operational and external
variables that may influence the delivery and effect of the intervention. In statistical terms,
Deaton discusses procedures in which post-trial data from a RCT is analysed through
regressions against various subgroups of interest, and in which the average treatment effect is
positive or negative for these various subgroups, and remarks that:
“One immediate charge against such a procedure is data mining. A sufficiently
determined examination of any trial will eventually reveal some subgroup for which
the treatment yielded a significant effect of some sort, and there is no general way of
adjusting standard errors to protect against the possibility (2010: 440).

Deaton does not completely reject post-trial subgroup analysis per se but warns that the
supposed epistemic status of RCTs in terms of rigorous ‘hard’ evidence does not necessarily
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extend to such analysis if only because there is no guarantee that a new RCT on post
experimentally defined subgroups will yield the same result (ibid.: 440).

Deaton (2010) does, however, acknowledge Cox (1958) who concedes that a RCT will
estimate the mean treatment effect with heterogeneity but argues that these estimates are
potentially misleading. When there are two internally homogeneous subgroups in the sample
with different treatments, an RCT provides a mean estimate that, in fact, applies to neither
subgroup and, by implication, cannot be usefully generalized to a whole population. Deaton
agrees that Cox’s position makes a good deal of sense when the subgroup analysis is applied
to a parameter of a well specified model, though he does go on to remark that such post-trial
subgroup analysis is contrary to most current practices in either medicine or economics.

Even if post trial subgroup analysis is contrary to most current practices in either medicine or
economics, that does not mean that it has no place or practical value in evaluation and
outcome research. For one thing, impact data also has potential value as formative
information; the ‘why, how and under what conditions’ elements of evaluation research.
Various levels of disaggregation of whole sample data for different subgroups, and for
different components of the instrument, provide a number of sources for this information.60

In the case of the PMRP, we used the degree of treatment coverage as a parameter to
structure post trial subgroup analysis. In other words, we did not analyse the data first to find
a subgroup with a higher treatment effect and then look for some plausible explanation but
instead defined the explanatory parameter (coverage) first, and then looked for its effect.
Nonetheless, and with Deaton’s admonitions ringing in my ears, let us accept that the ‘hard’
value of RCT-based data is only as hard as its treatment and that whole sample data provides
the most demanding form of impact analysis with maximum control over external, inter and
intra-group variables, including programme coverage and school functionality.

Therefore, the impact analysis of the RCT data is provided in two separate sections;


The first is based on the complete RCT dataset for the whole project group with no
discarding of performance scores and, therefore, the resulting estimation of effect applies

60

There are limits to which this is reasonable; a current, presumably apocryphal, anecdote has it that some
researchers obtained statistically significant effects on participants with Gemini as their star sign!
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to prediction for an unknown level of intervention coverage in future replications of the
intervention.


The second attempts to account for the effects of ‘operational dysfunction’ on
intervention effect and is based on an analysis of the subgroup within the project group
that received at least 11 of the 14 weeks of treatment. The resulting estimation of effect
applies to prediction for a known minimum degree of intervention coverage in future
replications of the intervention.

Effect of the discarding of low-coverage project scores on the pre-trial equivalence of groups

McMillan (2007) cautions that random assignment to project and control groups does not
automatically eliminate all threats to internal validity and that it is still necessary for
researchers to ensure that randomization is sufficiently rigorous to produce statistically
equivalent research groups. This is especially true when we are working with smaller sample
sizes and becomes essential if post trial subgroup analysis is to be carried out.

With the RCT, we started with a pre analysis of the effect of excluding low-coverage project
scores on the equivalence of the project and control groups at baseline to establish whether
such exclusion resulted in non-equivalency. Assuming that intervention coverage by post
testing was a direct function (indicator) of the level of pre-existing school functionality, we
predicted/expected the exclusion of these scores to result in a significantly altered degree of
pre-project equivalence by removing dysfunctional schools from the project group while,
since we had no comparable indicator, retaining them in the control group.

The distribution of scores for the two grade levels (Grade 4 and 6 scores combined) were
calculated as the proportions of the samples that fell into one of 10 equal sized pre-score
ranges:
Category
I
II
III
VI
V

Score range
0 to <10
10 to <20
20 to <30
30 to <40
40 to <50

Category
VI
VII
VIII
IX
X

Score range
50 to <60
60 to <70
70 to <80
80 to <90
90 to 100
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Proportion of group (%)

Figure 16: Distribution of pre-scores: comparison of the difference between
the control group with the project group irrespective of programme coverage,
and with the project group that completed at least 11 weeks
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The most significant effect of discarding scores from schools that completed less than 11
weeks was surprising indeed, an increase in the proportion of the project group that fell into
the second lowest Category II (10% to <20%). Other than this change, the exclusion of lowcoverage scores actually made the project and control groups appear to be, if anything,
somewhat more equivalent.

This was a curious result that is counterintuitive. After the exclusion of schools that did not
cover at least 11 weeks of the programme, considered as an indicator of poor pre-existing
school functionality, one would surely expect a significant change in the degree of
equivalence of the two groups, with decreases in the project group of learners in the lowest
categories and increases in the highest. If anything, the opposite was true and discarding
scores of low-coverage schools actually improved pre-trial equivalence by reducing the
difference of the pre-test mean scores by 1%.

Table 26: Linear regression of pre-scores against membership of the project (treatment)
group: irrespective of coverage
Source
Model
Residual
Total

SS
7055.13
298068
305123

df
1
3030
3031

MS
7055.13
98.3723
100.668

Number of obs
F( 1, 3030)
Prob > F
R-squared
Adj R-squared
Root MSE

Pre-score Coef.
Std. Err. t
P>t [95% Conf. Interval]
treatment 3.05212
0.3604
8.47
0
2.34546 3.75877
_cons
14.5977
0.25851 56.47
0
14.0909 15.1046

=
=
=
=
=
=

3032
71.72
0
0.0231
0.0228
9.9183
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Although belonging to the project group (the independent variable), did have a statistically
significant effect on the dependent variable ‘pre-score’ where F(1, 3030) = 71.72, p<0.05 and
t=8.47, the R² of 0.023 indicates that the effect was not strong with a low coefficient of 3.05,
explaining 2.3% of the variance in the pre-score.

The second regression excludes the scores of the project group that covered less than 11
weeks of the programme.

Table 27: Linear regression of pre-scores against membership of the project (treatment)
group: schools that completed at least 11 weeks of the programme
Source
Model
Residual
Total

SS
df
MS
2877.025
1 2877.025
183821.8
2332 78.82583
186698.9
2333 80.02523

Pre-score Coef.
Std. Err. t
P>t
treatment 2.30046 0.380783
6.04
_cons
14.31668 0.231409
61.87

Number of obs
F( 1, 2332)
Prob > F
R-squared
Adj R-squared
Root MSE

=
=
=
=
=
=

2334
36.5
0
0.0154
0.015
8.8784

[95% Conf. Interval]
0
1.553752 3.047168
0
13.86289 14.77047

Although membership of the project group was still a statistically significant influence on the
pre-scores, the effect was rather weaker; F(1, 2332) = 35.6, p<0.05 and t = 6.04 with a
coefficient of 2.3 and an R² of 0.0154 explaining only 1.54% of the variance in pre-scores.

As we suspected after the descriptive analysis, the exclusion of low-coverage schools from
the project sample actually increased the equivalence of the two groups at baseline. The
weakly significant variations between the project group, the project subgroup and the control
group were, presumably, caused by chance, considering the relatively small number of
schools (40) that were randomized to result in the two groups of 20 schools each. The only
explanation that seems feasible is that, despite expectations to the contrary, the degree of
programme coverage eventually achieved by the project group by the end of the intervention
was not determined, or even influenced, by a pre-existing higher level of school functionality
assuming that ‘coverage’ is a logical/fertile indicator for functionality.

Whatever the explanation, the result was that the post-trial discarding of scores from the
project group did not appear to have had a significant effect on the equivalence of the groups
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at baseline. This was an important finding and confirmed that it was very unlikely indeed that
subgroup analysis would result in a false estimation of positive impact; obtained estimated
differences between the two groups could be ascribed to intervention effect rather than
selection bias or random chance in both forms of analysis. It also supported the conclusion
that pre-existing school functionality as a variable influence on intervention impact was
controlled in both forms of impact analysis.

Impact Analysis: Whole sample: All project group schools irrespective of intervention
coverage

Since the fundamental purpose of this analysis was to measure the impact of the intervention
programme on the performance levels of the schools, it aggregated the learner scores for
Grades 4 and 6 as components of the mean school score and was based on the largest possible
sample size with 1,560 learners in the 20 project schools, and 1,472 learners in the 20 control
schools. As noted above, in two of the project group schools, the mean score was based on
Grade 4 scores only, while in one of the control group schools the score was based on the
Grade 6 score only.

In the analyses and discussions that follow to the end of this thesis reference is made to two
forms of impact measurement. The first refers to impact in terms of the absolute difference
between pre and post scores obtained by project and control groups in percentage points. The
second refers to the difference in the increase of the scores obtained at baseline. Change from
10% to 20% equals a gain of 10 percentage points and a gain of 100% after baseline. This is
not repeated throughout the thesis and it should be remembered that references to increase of
pre-score and growth in baseline score refer to the second form.
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Table 28: RCT Impact analysis: comparison of gains in mean pre to post scores of project &
control groups irrespective of programme coverage in project group (Grade 4 & 6 combined)
Schools Learners
Project
Pre
Post
Change
Control
Pre
Post
Change
Impact

20
20

20
20

1560
1560

1472
1472

Mean
(%)

Std. Dev.

SE

17.7
31.3
+13.6

10.65
17.36

0.27
0.44

14.6
17.7
+3.1
+10.5

9.08
10.67

Increase of pre-score
(%)

+77.3
0.24
0.28
+21.2
+56.1

Using change in absolute percentage points as the indicator, the score of the project group
increased by +13.6% compared to the +3.1% of the control group. The difference in gain
scores of the two groups of +10.5% could, therefore, be ascribed logically to intervention
effect. Using the degree of increase from the baseline scores as the measure, +56.1% of the
total growth of the project group (+77.3%) could be ascribed reliably to intervention effect.
As we noted above, the sample size provided data at ±2% precision at a confidence level of
95% in relation to the population of all learners in these grade levels in the three circuits. This
most basic descriptive indicator of impact considered any change/gain/impact figure between
-2% and +2% to provide no evidence of intervention effect, positive or negative. The measure
provided a simple parameter for the scale and range to which the rest of the impact data
referred.
Table 29: RCT Gain in school mean scores between pre and post testing at ±2% precision for
population/sample significance
Gain
Positive impact: over +2%
Range
No impact: between +2% and -2%
Range
Negative impact: below -2%
Range

Project
19 schools = 95%
+3.67% to +27.19%
0
1 school= 5%
-6.06%

Control
12 schools = 60%
+2.28% to +10.31%
6 schools = 30%
-0.43% to +0.98%
2 schools = 10%
-4.24% and -5.33%

There was a large range of 23.3% of positive gain scores in these 19 project group schools
reflected in the high standard deviation of 17.36 for learner scores at post-test. The range for
the 12 control group scores with positive gains was 8%, with a correspondingly lower

177

standard deviation of 10.67. The gain scores of the project group were generally much larger
and are clustered in the higher levels of the range. Of these schools, 15 (79%) obtained an
increase in score of +10% or more the lowest of which (+10.2%) was only just marginally
smaller than the highest increase obtained by any of the schools in the control group
(+10.3%).

Schools in the project and control groups were not matched in any other sense than the
ranking of their pre/post gain scores in descending order within their respective groups, i.e.
school 1 to 20, project and control, highest to lowest.

Gain in score between pre and post
testing (%)

Figure 17: Comparison of gain scores of schools according to rank position in
project and control groups irrespective of coverage by project group
30.0
25.0
20.0
15.0
10.0

Project

5.0

Control

0.0
-5.0
-10.0

School

Nineteen of the 20 rank positions reflect a much higher gain score for the project school
occupying each rank. ‘Quasi-matching’ them this way illustrated positive intervention effect
obtained across virtually the whole of the project group, in schools that were both ‘weak’ and
‘strong’ performers, that was very clearly not confined to, for example, very large gains in a
small number of high performing schools. The ‘best’ school in the project ranking obtained a
much higher gain than the ‘best’ school in the control ranking, the ‘second best’ ranked
project school did much better than the ‘second best’ ranked control school, and so on, until
we reach the single exception; the ‘worst’ project school score declined more than that of the
‘worst’ control school.61

61

This project school was clearly the most dysfunctional school in the whole area and continued to be as
dysfunctional during the 2010 to 2012 study as well..
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Next we compared the gain between pre and post testing of both groups against their prescores in quintiles. We were here interested in obtaining an estimate for pre-post gain in
relation to the original pre-scores, i.e. which group/s of learners obtained the highest gain
scores, those with lower pre-scores or those with higher pre-scores? The initial
expectation/prediction was that the intervention would have had the greatest effect on the
weakest learners simply because they started with the lowest pre-scores.
Table 30: Comparison of gain between pre and post testing against pre-score quintiles:
project group irrespective of coverage of programme and control group
Quintile
Project

Mean

Std. Dev.

n

1
2
3
4
5

13.00
13.91
15.52
15.23
11.60

11.68
11.98
13.30
14.30
17.78

314
388
205
287
366

1
2
3
4
5
Difference
1
2
3
4
5

5.75
4.35
2.51
0.70
-1.63

5.95
7.81
8.70
9.54
11.48

417
443
174
225
213

Control

+7.26
+9.56
+13.02
+14.52
+13.24

While project learners in all of the pre-score quintiles obtained mean gains in score greater
than +11.5%, intervention effect was strongest in quintiles 3 and 4 (the ‘stronger’ groups of
learners) though growth does slow, to some extent, once we reached the highest quintile 5.
The ‘difference’ figures confirmed that positive impact in the project group was not confined
to specific subgroups within the project group but was obtained across the group, increasing
in magnitude as the pre-scores of the group reached higher levels.

It appears possible that learners who already had a relatively stronger grasp of the
fundamentals, revised largely during the first 3 weeks of the programme, gained more value
from the sequence of the rest of the intervention content, largely in the form of improved
fluency with procedures, than weaker learners who still had to learn the absolute basics. This
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point is compounded when we recall that, at the extreme low end, the analysis included the
scores of schools in which only 12 of the possible 70 lessons of the programme were
presented to learners. These learners had no opportunity to reach later weeks of the
intervention, or to develop the skills and competencies with which they dealt and,
consequently, performed poorly on the later sections of the test instrument, but they still
achieved a significant increase on the ‘absolute basics’ they did cover.

In the control group quintiles, by contrast, the highest gain in score (+5.8%) was lower than
the smallest gain in the project group (+11.6%) and dropped off steadily from quintile 1,
where it was highest to virtually no gain in quintile 4 and negative gain in quintile 5. The
conclusion was that ‘routine’ schooling had less and less effect on improving performance
once we moved beyond the very weakest learners for whom, in addition, gains were
relatively much lower than those obtained by the weakest learners in the project group.

Impact Analysis: Whole sample: Significance

The first regression obtains measures of significance in which the model contained only one
explanatory variable; membership of the project group irrespective of programme coverage.

Table 31: Linear regression: Gain in score between pre and post testing compared with
membership of the project (treatment) group, irrespective of programme coverage.
Source
Model
Residual
Total

SS
df
MS
84039.2
1 84039.2
424239
3030 140.0129
508278.2
3031 167.6932

Gain in Score
treatment
_cons

Coef.
Std. Err. t
P>t
10.5339 0.429964
24.5
3.106547 0.308411
10.07

Number of obs
F( 1, 3030)
Prob > F
R-squared
Adj R-squared
Root MSE

=
=
=
=
=
=

3032
600.22
0
0.1653
0.1651
11.833

[95% Conf. Interval]
0
9.690852 11.37695
0
2.501831 3.711263

Membership of the project group after post testing obtained a much stronger and significant
relationship with learner scores than at pre-test: F(1, 3030) = 600.22, p<0.05 with a t of 24.5
a coefficient of 10.54, and an R² accounting for 16.51% of the variance in gains in pre/post
scores. The model was reasonably robust with a very small increase in predictive power when
we added two further independent variables to the equation: gender (being male) and age. In
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this case the F value of 219.61 was still significant if lower than that obtained in the single
independent variable regression but the coefficient for treatment was similar: 10.38 with the
model accounting for 17.87% of the variance in pre/post gain scores.

Table 32: Linear regression of pre to post gain of schools in the project group, irrespective of
coverage, and schools in the control group (control school 22 omitted)
School
Project
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Control
21
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Coef.

Std. Err.

t

P>t

[95% Conf.

Interval]

25.2
30.7
32.5
24.6
26.9
28.9
20.1
17.3
21.3
23.3
-0.7
28.4
9.0
15.5
15.3
10.3
9.2
12.9
25.3
18.0

2.3
2.2
1.7
1.5
1.5
1.6
1.5
1.5
1.6
1.3
1.6
1.5
1.5
1.4
1.5
1.5
1.5
1.5
1.9
1.5

11.14
14.18
19.12
16.94
17.7
17.53
13.06
11.41
13.58
17.58
-0.45
19.19
6.19
10.99
10.14
6.71
5.98
8.44
13.62
12.13

0
0
0
0
0
0
0
0
0
0
0.653
0
0
0
0
0
0
0
0
0

20.8
26.5
29.2
21.8
24.0
25.7
17.1
14.3
18.2
20.7
-3.9
25.5
6.1
12.7
12.3
7.3
6.2
9.9
21.6
15.1

29.7
35.0
35.8
27.5
29.9
32.1
23.2
20.2
24.3
25.9
2.5
31.2
11.8
18.3
18.2
13.3
12.3
15.9
28.9
20.9

10.7
9.9
4.9
9.9
12.9
9.8
10.9
13.5
15.6
6.2
1.1
10.4
7.6
6.3
5.5
8.0
6.0

1.5
1.5
1.6
1.5
1.5
1.5
1.7
1.4
1.6
1.5
1.5
1.5
1.5
1.7
1.8
1.5
1.5

6.98
6.49
3.08
6.44
8.44
6.55
6.54
9.54
9.95
4.11
0.71
6.99
5
3.69
3.05
5.21
3.89

0
0
0.002
0
0
0
0
0
0
0
0.476
0
0
0
0.002
0
0

7.7
6.9
1.8
6.9
9.9
6.9
7.6
10.7
12.6
3.2
-1.9
7.5
4.6
3.0
2.0
5.0
3.0

13.7
13.0
8.0
13.0
15.9
12.7
14.1
16.2
18.7
9.2
4.1
13.3
10.6
9.7
9.1
11.0
9.0
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39
40
_cons

12.6
5.6
-5.3

2.0
2.2
1.0

6.25
2.54
-5.13

0
0.011
0

8.6
1.3
-7.4

16.5
9.9
-3.3

The highest coefficient obtained by any control school (15.6) is lower than that obtained by
13 of the project group schools (65% of the 20 schools) and almost exactly the same in one
more project school. In terms of t values, the highest value obtained by any of the control
schools (p=9.95) was lower than the value obtained by 15 of the 20 project schools (75%).

Impact analysis: Whole sample: distribution of pre- and post-scores
We conclude the analysis of intervention effect on the project group irrespective of the degree
of intervention programme coverage with a description of the distribution of pre and post test
scores of both groups.

To reiterate, the distribution of scores was calculated as the proportions of the samples that
fell into one of 10 equal sized pre-score ranges:
Category
I
II
III
IV
V

Score range
0 to <10
10 to <20
20 to <30
30 to <40
40 to <50

Category
VI
VII
VIII
IX
X

Score range
50 to <60
60 to <70
70 to <80
80 to <90
90 to 100

Figure 18: Distribution of pre and post scores of the project group,
irrespective of coverage, and the control group: by score-range categories
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The distributions summarize and illustrate all of the quantitative impact analysis to this point.
The improvement of learner performance across the project group was obvious and far
outweighed the counterfactual improvement of the control group. The post-test performance
of the control group was almost exactly matched with that of the project group at baseline.

We can safely conclude that the research hypothesis has not been refuted by the evidence.
The impact estimations reported in this section are rather more likely to be conservative with
reference to the model of learning that underpins the intervention programme and the
resulting estimation of effect of +10.54%, or an increase of the baseline score by + 56.05%,
applies to prediction for an unknown level of intervention coverage in future replications of
the intervention.

Impact Analysis: High Coverage Subgroup of the Project Group

The analysis again makes use of the aggregated gain scores of Grade 4 and 6 learners to
arrive at a mean score for each of the schools but distinguishes between project group schools
on the basis of intervention coverage. The scores of 6 project group schools in which neither
teacher reached week 11 of the programme, along with scores of one of the two teachers at 5
schools who did not reach this stage, were discarded from both pre and post data resulting in
a lower n of 862. The table below includes scores from 14 project schools at Grade 4 level
and 10 schools at Grade 6 level.

Table 33: RCT Impact analysis: comparison of mean pre to post scores of high coverage
project subgroup with control schools, Grade 4 and 6 combined scores.

Project
Pre
Post
Change
Control
Pre
Post
Change
Impact

Schools

Learners

14
14

862
862

20
20

1472
1472

Mean
(%)

SD

16.6
35.2
+18.6

9.15
17.04

14.6
17.7
+3.1
+15.5

9.08
10.67

SE

Increase of baseline score
(%)

0.31
0.58
+111.9
0.24
0.28
+21.2
+90.7
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Using change in absolute percentage points as the indicator, an impact estimation of +15.5%
can be ascribed to intervention effect. This is much higher than the impact figure obtained for
the whole group irrespective of programme coverage, +5% higher in percentage points, or an
increase of the previous impact estimation of 51% (i.e. from 10.5% to 15.5%).

Using the degree of increase of the baseline scores as the indicator, an impact estimation of
+90.7% can be ascribed to intervention effect. This is much higher than the +56.1% obtained
in the whole sample analysis and reflects an increase +61.7% in the estimation obtained for
the subgroup.

The general pattern of the distribution of school gain scores is, not surprisingly, much the
same as that obtained during whole sample analysis with each project school in each rank
again far outperforming the control school in the same rank. With the exclusion of the low
coverage scores, none of the remaining schools obtained an increase below +8%, while 12 of
them (85.7%) obtained an increase of over +15%.

Table 34: Gain in score between pre and post testing against pre-score quintiles: high
coverage project subgroup
Quintile
1
2
3
4
5

Mean gain in score
16.24
17.03
18.30
19.69
22.37

Std. Dev.
11.51
11.71
12.75
13.19
14.48

Freq.
161
239
134
169
159

The effect noted in the whole sample analysis is even more strongly evident in this analysis.
The mean gain in score increases steadily for each pre-quintile and now the highest gain is in
the highest pre-test quintile 5; the better learners were at baseline, the greater the degree of
intervention effect. The standard deviations are also reduced for each quintile relative to the
previous quintile analysis and it appears that the degree of programme coverage achieved
also had some influence on the closer clustering of learner scores about the quintile means.
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Impact analysis: high coverage project subgroup: significance
Table 35: Linear regression: Gain in score between pre and post testing compared with
membership of the high coverage project subgroup
Source
Model
Residual
Total

SS
df
MS
136899.3
1 136899.3
246449.1
2332 105.6814
383348.5
2333 164.3157

Number of obs
F( 1, 2332)
Prob > F
R-squared
Adj R-squared
Root MSE

change
treatment
_cons

Coef.
Std. Err. t
P>t
15.86878 0.440902
35.99
2.720251 0.267945
10.15

0
0

=
=
=
=
=
=

2334
1295.4
0
0.3571
0.3568
10.28

[95% Conf. Interval]
15.00418 16.73338
2.194816 3.245686

Membership of the project subgroup after post testing obtained a very much stronger and
significant relationship with learner scores than in the previous whole sample analysis: F(1,
2334) = 1,295.4, p<0.05 with a t = 35.99. The coefficient is 15.87 with R² indicating that the
model accounts for 35.68% of the variance in gains between pre and post testing. There is,
again, a very small increase in predictive power once we add the two independent variables
of gender and age but the effect is barely significant.

Impact analysis: high coverage project subgroup: distribution of pre and post scores
We again conclude the analysis of intervention effect with a descriptive comparison of the
pre and post test scores of both groups.

Figure 19: Distribution of pre and post scores of the project subgroup
with 11 weeks coverage and the control group: by score range categories
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There were some large changes right across the project subgroup to result in the post-test
distribution of scores. The proportion of the subgroup in categories I and II (i.e. from 0% to
<20%) declined by 51%, while the proportion of the group in the three mid-categories IV to
VI (i.e. from 30% to <60%) increased by a total of 43%. In only three categories (III, IX &
X) was the change below ±2%.

Change in proportion of ggroup (%)

Figure 20: Distribution of scores: change by category between
pre and post for high coverage project subgroup
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The impact estimations reported in this section are rather more likely to be accurate with
reference to the model of learning that underpinned the intervention programme and the
resulting estimation of effect of +15.5%, or an increase of the baseline score by +90.7%,
applies to prediction for a minimum of 11 weeks coverage in future replications of the
intervention.
The two sets of impact estimations, one based on the whole sample and one based on the high
coverage project subgroup, represent the predicted range of impact that should be obtained at
school level in a replication of the study when compared to routine schooling in a similar
environment/context. The predicted effect depends on the degree of coverage achieved by the
schools concerned, i.e. between +10.5% to +15.5% in percentage points, and between
+56.1% and +90.7% in the size of the increase of the baseline scores.
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Impact Analysis: Learners: Components of the Test Instrument
Grade 6: Impact on Content Knowledge of Lower Grades
The design of the intervention expected decreasing learner performance at the higher grade
level given the proportions of learners below minimum expected achievement levels in
primary schools. Under conditions of near-universal promotion, by Grade 6 learners have
been exposed to progressively less of the intended curriculum and, in any case, lack the
cognitive and conceptual competencies required to deal with the required curriculum at their
grade level.

As we noted at the outset, the diagnostic assessment system of the intervention was intended
to deal with this problem. To estimate the degree to which it succeeded in doing so, a set of
20 items dealing with arithmetic operations and based on the AS for Grades 4 and 5 were
added to the Grade 6 post-test instrument.

Table 36: RCT: Operations covering Assessment Standards for Grades 4 & 5: Grade 6 only
(%)
Whole sample
Project
Control
Difference

38.5
17.5
+21.0

High coverage project
subgroup
45.1
17.5
+27.6

Although we have no pre-measure, the ‘difference’ in the mean figures for the project group
of both the whole sample and high coverage subgroup was consistent with the general pattern
of performance in the rest of the data. This provided some reliable evidence for the
conclusion that the programme was capable of improving learner performance on assessment
standards prior to the grade level in which they currently found themselves, an essential
capability in terms of multigrade classes in which most of the learners are below minimum
competency levels.

In general, and from the exploratory study, we knew that scores nationally for addition and
subtraction were relatively much higher than those for multiplication and division because of
the feasibility of using simple counting methods to solve problems when the numbers
involved were small enough. The intervention assumed that learners would develop greater
facility in solving operational problems using larger numbers through an understanding of
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place value and borrowing and carrying, along with extensive practice, and that the most
significant impact was most likely to be obtained in multiplication and division. These
calculations cannot feasibly be carried out using unit counting for any but the smallest
numbers. Consequently, consequently, learners who reached the multiplication and division
sections and completed the exercises associated with each lesson, including memorization of
the tables, would be starting from a very low pre-score but with a greatly increased capacity
to solve problems using standard calculations.

Table 37: RCT: Summary of impact on learner performance in the four operations: whole
project sample and high coverage subgroup: by grades (%)
Grade 4
Whole sample High coverage
Add (5 items)
% points
% of baseline
Subtract (5 items)
% points
% of baseline
Multiply (5 items)
% points
% of baseline
Divide (5 items)
% points
% of baseline

Grade 6
Whole sample High coverage

+7.2
+16.4

+9.4
+20.0

+18.2
+42.2

+23.4
+54.9

+9.00
+32.9

+11.2
+34.7

+17.4
+87.9

+25.0
+121.3

+9.0
+117.1

+13.0
+184.1

+11.8
+378.6

+18.6
+814.3

+12.6
+92.2

+16.4
+104.5

+10.2
+128.2

+13.8
+156.0

Significant improvement of learner performance was obtained in all of the operations. The
figures were obviously higher for the high coverage subgroup since they received instruction
in much more of the programme. The most curious element of this table is that the huge
improvements in performance in multiplication far exceeded those obtained for division,
significant though they were. It is possible that learners simply found division more difficult
than multiplication though it is more likely that this difference reflected restricted coverage.
Division was covered last of the operations so, in the whole sample, more learners were
unlikely to reach this section and, in the high coverage subgroup, learners had less
time/opportunity to practice this operation.
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Table 38: RCT: Impact on performance on multiplication problems: whole project sample
and high coverage subgroup: by grades (%)
Grade 4 (5 items)
Grade 6 (5 items)
Whole sample High coverage Whole sample High coverage
Project
Pre
Post
Change
% increase on baseline
Control
Pre
Post
Change
% increase on baseline
Impact: % points
Impact: % increase

7.4
20.2
+12.8
+173.0

7.0
23.8
+16.8
+240.0

2.8
15.8
+13.0
+464.3

2.2
22.0
+19.8
+900.0

6.8
10.6
+3.8
+55.9
9.0
117.1

6.8
10.6
+3.8
+55.9
+13.0
+184.1

1.4
2.6
1.2
85.7
+11.8
+378.6

1.4
2.6
+1.2
+85.7
+18.6
+814.3

These figures provided evidence of really significant impact on improving performance in
solving multiplication problems. While the huge figures for % increase over baseline were
obviously affected by the very small base from which they were calculated, the relative
(impact) differences between the gain scores of project and control groups are unaffected as
both groups started from a very small base. The very low pre-score figures, ranging from
1.4% for the Grade 6 control group to 7.4% for the whole Grade 4 project group, showed that
learners in both groups generally found these problems almost insuperably difficult at pre
testing. A mean of 20%, for example, would mean that, on average, each learner got at least
one multiplication sum correct! At post testing, this parameter was reached in both Grade 4
project groups and the Grade 6 high coverage project subgroup. These learners might still
have been far behind their expected norm but this rate of increase, assuming it could have
been maintained, would have allowed them to reach the expected standards in a reasonably
short period.

The intervention was designed to achieve the sorts of changes in teaching and learning that
are required to improve learner performance according to the theoretical mechanisms and
associated methodologies of the programme. It made a systematic effort to curtail the use of
counting methods and increase the level of instruction, calculation, memorization, mental
arithmetic and drill or practice and retrieval of newly-learned content like borrowing and
carrying.
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The data very clearly supports the conclusion that this approach is more effective in enabling
learners to easily perform multiplication (and division) problems quickly and accurately than
the ‘routine’ departmental programme applied in the control group. In short, learners were
beginning to learn how to calculate, rather than count, the solutions to these sorts of
mathematical problems.

Impact Analysis: Learners: Problem Solving Methods
Firstly, recall that the discussion of the RCT research design specified two indicators of
predicted impacts on learner performance:


A significant increase 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 first indicator provided evidence of significant impact on the performance of the project
group, confirmed and illuminated by the various forms of whole sample and high coverage
subgroup analysis. Given the basis of the intervention programme, it would be very
surprising indeed if the second indicator did not also provide evidence of significant impact
on learner performance - since the one depended on the other.

To provide the data for this indicator of impact, a sample of 758 completed post-test scripts,
25% of the whole sample of project and control groups, was chosen at random (every second
script) from a sample of 50% of the schools, also chosen at random (every second school).
Equal numbers of scripts (379) were from each of the project and control groups, and the
same number from each of the grades.

No distinction was made between the project group and the high coverage project subgroup
and a script selected randomly was discarded only if it reflected no workings of any kind at
all. Since these discarded scripts were likely to be from the lowest scoring learners of all,
many of whom provided very few answers, the figures presented below should be regarded as
estimates based on relatively better performing learners. Once again, it would have been
much better if the research grant had allowed for pre intervention data collection for this
indicator as well as at post trial.
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As in the 2004 study, each script was analysed in terms of two parameters; the first tells us
what proportion of learners relied on the different methods, the second, the proportion of each
method used in relation to the global total of all workings used by all learners to solve
problems.

In the first analysis, since more than one method was frequently used by children over the
course of one test, each script was scrutinized to determine which methods were predominant
in that script (i.e. for that learner). The results were again sorted into four categories, the
fourth of which (use of whole numbers only), makes no distinction between ‘true’ calculating
and using whole numbers in a repeated operation (skip-counting or ‘counting in series’).

Learners (%)

Figure 21: RCT: Frequency of methods used by percentage of all learners:
Grade 4
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Figure 22: RCT: Frequency of methods used by precentage of all learners: Grade 6
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The big differences between the groups in terms of the types of methods learners used at post
testing is striking. At Grade 4 level, 35.7% of learners in project schools relied exclusively on
unit counting as against the 63.1% in control schools. The comparable figures for Grade 6 are
equally convincing; 3.2% as against 37.7%. Conversely, 17.6% of learners at Grade 4 level in
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project schools worked exclusively in whole numbers as against the 2.1% in control schools
and the Grade 6 figures were again significantly better: 59.9% as against 10.9%.

These figures provided strongly supportive evidence that the intervention programme
succeeded in altering the pattern of problem solving methods employed by learners in project
schools. They were far less dependent on unit counting, and more capable of performing
conventional calculations, than were the learners in the control schools at post testing.

The second analysis compared the frequency of each method not against learners but against
the total number of workings counted. In doing so, it also distinguishes between the use of
whole numbers in conventional calculations and as the base of a repeated operation (skip
counting). The distinction is important as the ultimate mathematical objective is conventional
calculation. The use of whole numbers in repeated operations is clearly a more complex
cognitive process than simply the n = 1 that characterizes the counting of single units but it is
still a form of (skip) counting and is not a calculation as defined by the study.

As was also true of the Phase I 2004 data, since children often use the same set of unit marks
to solve more than one problem, it proved impossible to establish the true absolute number of
unit counting attempts and the reported figures for this method are, therefore, inevitably

% of all problems

understated.62
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Figure 23: RCT: Frequency of methods used by perentage of all
problems: Grade 4
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We tried a couple of times to establish a parameter for correcting for this problem against which the relative
proportions could be adjusted through the intensive analysis of a few scripts but the exercise proved futile and
no correction was applied.
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Figure 24: RCT: Frequency of methods used by percentage of all
problems: Grade 6
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Once again, the evidence at post testing was clear and unambiguous. While 42.2% of all the
workings used by learners in project schools at Grade 4 level still employed unit counting, the
figure for the control schools was an enormous 82.6%, the comparable figures for Grade 6
were 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 were again significantly better in the project group. 85.6% as against
44.3%.

These analyses demonstrate that, as predicted, improvements in learner performance between
pre and post testing were matched by large differences in problem solving methods at post
testing.

The ethnographic data that follows recalls the data obtained in the 2004 exploratory study and
provides a series of graphic illustrations of the nature of the intervention effect obtained
during the 2007 RCT.
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SCANS OF LEARNER SCRIPTS IN 2007 RCT

The examples above are both drawn from Grade 6 scripts. The first, on the left, is from a
learner in a control school who used only unit markings that have been used as a frame upon
which to count a number of different problems; it is impossible to distinguish which problems
were attempted. This learner uses what we have termed a sort of ‘binary’ code with a base-1
number system to approach all numeric problem solving. In contrast, the second example on
the right from a project school uses only whole number calculations. The most obvious
feature is that the learner has an understanding of place value, and of ‘borrowing and
carrying’, for relatively complex operations involving larger numbers; e.g. 3,798 + 4,574 and
256 x 15, and is able to calculate simple divisions like 153 ÷3 and 123 ÷ 3. This learner used
the base-10 number system and could manipulate numbers with confidence and accuracy.

Both of the next set of examples are again from Grade 6 scripts

The examples on the left typify methods used by learners in control schools to solve
multiplication problems. The first uses pure unit counting to solve 4 x 7 in which 4 is
repeated 7 times and then reduced to units which are counted one-by-one to arrive at the
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answer. The second uses a repeated operation to solve 67 x 5 in which 5 is recorded 67 times
and then added to itself to arrive at the answer.

The example on the right, by contrast, is from a project school in which far more complex
problems using higher numbers (856 x 45 and 8,681 x 37) were solved correctly through
knowledge of the algorithm combined with a mastery of the times tables and place value.
Both of these items are from the NSE instrument.

Above is another of the NSE items in Part One of the instrument. Compare the ability to use
place value accurately in a complex calculation with multiple ‘steps’ and repeated ‘carrying’
forward by the project learner in the previous example with the complete lack of
understanding here from a control learner, also in Grade 6, of what place value means in what
is a very simple one-step problem that should not even require any calculation. This example
provides a very clear illustration of how little understanding learners in the control group had
of the behaviour of numbers or of the meaning of the = sign. The solution, 15,645 as the
missing number, is very much larger than the ‘target’ number of 3,645.

In the next two examples, learners from project schools in Grade 4 are able to answer all
questions correctly from Part 3 (generic LO1) and Part 1 (NSE LO1), respectively.
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When learners could retrieve and combine learned information rapidly and accurately they
solved more problems correctly.

The above examples are both drawn from Grade 6 learners and illustrate performance on Part
5 of the post-test: operations based on the assessment standards for Grades 4 and 5. The first
is from a control school, the second from a project school. The learner in the control school
clearly had no chance of dealing with problems presented at a Grade 6 assessment standard
since he/she could not deal with assessment standards from the two previous lower grades.
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The learner in the project school on the other hand, has achieved the minimum required
competence level for Grade 6 and has a chance of learning the Grade 6 content.
Both of the next two examples are from control schools.

In the example on the left, the learner attempted to calculate 20% of 160 by using some form
of repeated operation while the second illustrates the use of unit counting to solve addition,
subtraction and multiplication problems.
The following, both from Grade 6, illustrate the gap in the ability to solve word sums by post
testing; the first is from a learner in a control school, the second from a project school.
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The project learner was able to both extract the required operations from the text and perform
the calculations correctly. The control learner had no idea what the operational problems
were and appeared to write numbers at random: 87 – 13 = 280 or 131 + 162 = 135.

RCT Impact Analysis: Conclusion
All of the forms of data and all of the forms of analysis, provide consistent evidence of
significant intervention effect with estimations of effect that are significant well beyond
random chance. The illustrative and descriptive data, including the ‘primary’ ethnographictype data, help explain the ‘why’ and the ‘how’ of the estimations of significant intervention
effect obtained in the RCT analyses.

The consistency of the data, across multiple types and levels of analysis from schools to
learners, and across so many of the concepts and mechanisms embedded in the intervention,
summarized as the use of direct instruction to achieve a transition from counting to
calculating, adds confidence to all of the findings.

The two sets of impact estimations, one based on the whole sample and one based on the high
coverage project subgroup, represent the predicted range of impact that should be obtained at
school-level in a replication of the study in a similar environment/context, and when
compared to routine schooling, depending on the degree of coverage achieved by the schools
concerned,; i.e. between +10.5% to +15.5% in percentage points, and between +56.1% and
+90.6% in the size of the increase of the baseline scores.
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CHAPTER TEN
ARE OBTAINED IMPACTS ON PERFORMANCE SUSTAINED?
HAWTHORNE EFFECTS AND THE PERSISTENCE OF INTERVENTION EFFECT
THREE YEARS AFTER THE END OF THE 2007 RCT
Investigation of the effect on teachers and schools of intervention programmes inevitably
raises the question of whether measured gains in learner scores are due to the intrinsic
theoretical basis and methodological practices embedded in the intervention, and will be
maintained into the future. Or are they due to changes in teacher attitudes and behaviour
caused by exposure to the intervention programme itself, and especially, to the monitoring
and/or mentoring carried out by programme implementers, i.e. a Hawthorne Effect?

The Hawthorne Effect is named after a famous series of experiments in industrial sociology
conducted largely by Elton Mayo in the late 1920s and early 1930s at Western Electric's
factory in Hawthorne, a suburb of Chicago. These studies set employees in a social context
and established that their performance was influenced as much by their surroundings and the
people with whom they were working as by their own innate and acquired abilities. 63

Specifically, productivity always increased irrespective of the type of change introduced to
improve productivity; they all appeared to be effective. The conclusion was that the
knowledge on the part of workers that they were participating in an experimental programme
and, especially, the presence of researchers, changed their behaviour. However, these changes
in behaviour were not necessarily maintained after the withdrawal of the researchers.

Brown (1992) points out that research in which the presentation of innovative innovations is
combined with simultaneous experimental studies of those innovations involves the close
orchestration of what goes on in the classrooms concerned. As we noted in the discussion of
the limitations of a RCT in the previous chapter, this feature is essential if the RCT is to be
based on a sufficient level of heterogeneity of treatment to yield an accurate estimation of the
treatment effect. However, this very feature, intended to improve the internal validity of a
RCT, can/does raise questions about its external validity; the degree to which its findings can

63

http://www.library.hbs.edu/hc/hawthorne/09.html
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be generalized to the population under very different conditions, typically with a much lower
degree of heterogeneity of treatment and much lower levels of monitoring.

Schools and teachers are typically exposed to a high level of sustained interaction with
programme trainers, mentors and monitors over a considerable period during the delivery of
an educational intervention programme.64 This level of interaction is very much higher than
the monitoring, support and training that will be available to these schools and teachers
through the routine departmental system after the end of the intervention. This is equally true
of the level of interaction available to the counterfactual schools in the control group against
which they are compared in impact analysis.

Knowledge of the Hawthorne Effect, and my own experience in programme evaluation,
strongly suggests the possibility that observed changes in teacher attitudes and behaviour
achieved by an intervention programme may diminish after the end of the intervention and
learner performance, as a consequence, tends back toward baseline.

In short, we are never quite sure whether we have measured a Hawthorne Effect or an effect
of the intrinsic treatment. In terms of quantitative information, the best available data are
drawn from the evaluations of two major linked interventions; the District Development
Support Project (DDSP) (Schollar, 2006) and the Integrated Education Project (IEP)
(Schollar, 2008), both managed by RTI-International and evaluated by JET Education
Services and the HSRC. The IEP (2005 to 2007) was consciously planned as a successor
intervention to the DDSP (2000 to 2003) and the majority of the schools selected to
participate in the IEP had previously participated in the DDSP.

Before looking at the performance data obtained by these studies, it is important to note that
neither of the evaluation research designs was able to use a feasible control group and the
data all reflect change obtained by the treatment groups. Secondly, since the designs did not
use longitudinal tracking of a cohort of the same learners, data are provided for different
groups of learners obtained through annual testing at Grade 3 level. Finally, different
instruments were used by the two studies, though both were standardized for Grade 3.

64

Typically around three years for large scale interventions.
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All of these considerations, plus the fact that not all of the schools participated in both
interventions, make a sequential comparison of the performance data problematic and
provides only suggestive and illustrative information, rather than accurate estimation, about
intervention effect and its longer term behaviour.

Figure 25: Trends in Grade 3 Scores: DDSP & IEP: 2000 to 2007
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The similarity of the behaviour of both the literacy and numeracy scores over this series of
eight tests indicates that the two intervention programmes had roughly the same levels of
impact at the same period of delivery and, plausibly, for the same reason: Hawthorne Effects
due to extensive and intensive involvement of external agencies with the schools.65 Once this
external support is withdrawn, the scores begin to trend back towards baseline at worst or, at
best, to show radically slowed rates of growth.

No evaluation studies in this country, as far as I am aware, have been able to administer a
second post-test well after the end of the intervention itself. This is a significant gap in
evaluation research as we have no systematic information about what happens to growth in
learner scores measured during the course of an intervention, or about the maintenance of
effect over time in the context of routine schooling, once it comes to an end.

65

Interestingly, while the mean for literacy actually declined by -3% between 2000 and 2007, the mean for
numeracy recorded an increase of +10% over the same period – presumably partly an artefact of the very low
baseline score for numeracy of 27% lower than the literacy mean, but also partly an effect of the supply of
standardized LTSM that had an effect on, especially, numeracy. Since all of these learners were simultaneously
receiving routine schooling, it is difficult to attribute all of the obtained change to the intervention treatment but
these figures do suggest that improvement in numeracy is not necessarily associated with an improvement in
literacy.

Numeracy
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In 2010, a second post-test was administered to the learners in the RCT 2007 Grade 4 project
and control groups when this cohort of learners had reached Grade 7. The objective was to
investigate whether improved performance obtained during the 2007 study was maintained in
the project group three years after the withdrawal of the researchers. This follow-up testing
enables us to examine directly in some quantitative detail, the question of the causation of the
impact figures obtained in 2007. Was the impact due to improved school and teacher attitudes
and behaviour (functionality) caused by being part of the project group and subject to
monitoring visits by field researchers, or was it due to the intrinsic underpinning design of the
intervention programme?

After the 14 weeks of exposure to the intervention programme in 2007, schools and teachers
in the project group returned to the ‘routine’ curriculum and received no further exposure to
the programme, i.e. no monitoring visits and no materials. We can safely conclude that the
only difference between learners in the project and control groups is that the former
completed at least 11 weeks of the programme in 2007. Any residual difference between the
two groups was, therefore, not due to increased school/teacher functionality as a Hawthorne
Effect of intervention delivery in 2007 but was caused by exposure to the learning theory
embedded in the programme and has since persisted in learners. As far as I am aware, this is
the first time in this country that a second post-test for a longitudinally tracked true cohort of
project and control groups has been administered by academic or professional researchers
three years after the end of the intervention.

The 2007 cohort scores were obtained from the Grade 4 instrument while the second post-test
in 2010 used the Grade 6 instrument when the learners in this cohort reached Grade 7. The
dataset consist only of the scores of learners in both groups who completed all three of the
tests. The pre-scores of learners who did not complete post-test 2, whether due to absence on
the test day, transfer to another school or ‘dropping out’, were discarded.
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Table 39: Second post-test: RCT: Impact between pre to post testing of high coverage project
subgroup and control
n
Project
n:330
Pre: 2007
Post 1: 2007
Post 2: 2010
Change
Control
n:574
Pre: 2007
Post 1: 2007
Post 2: 2010
Change
Impact

Mean (%)

Std. Dev.

Std. Error

18.4
36.8
40.8
+22.5

9.4
17.3
17.9

0.5
1.0
1.0

16.4
19.0
32.9
+16.5
+6.0

9.1
10.2
14.6

330
330
330

574
574
574

Increase of pre-score

+122.3

0.4
0.4
0.6
+100.6
+21.7

Three years after the end of the intervention, the control group had still not reached the same
level of learner performance as the high coverage project subgroup after at least 11 weeks of
exposure to the intervention programme in 2007. In short, the learners in the project group
learned more in 14 weeks than did the control group in 3 years.
These figures provide strong support to the conclusion that the theory of learning embedded
in the intervention programme is capable of achieving rapid improvements in learner
performance over a short period, and that an improved level of performance will be
maintained over a long period even without further exposure to the intervention programme.

Figure 26: Mean scores of RCT cohort project and control groups between pre (2007) and
post 2 (2010)
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It seems obvious that the gradual convergence trend in the data is fundamentally due to the
control group slowly learning the content already learned by the project group in 2007 even
though they had still not reached the 2007 post-score of the project group by 2010. Does this
convergence indicate that the difference between the two groups will eventually disappear
unless learners, who have been exposed only to ‘routine’ schooling since 2007, resume their
involvement with the approach and methodology of the PMRP? Or does it indicate that the
residual difference still persisting between the groups actually reflects the degree of
permanent ‘cognitive’ impact due to intervention effect and that this difference will persist?
Only further tracking of these learners into secondary schools is capable of answering these
questions.

Figure 27: 2007-2010 cohort: distribution of post1 and post2 mean
scores by group
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The maintenance of better performance of the project group over this period remains obvious
although the difference, as we have seen, does narrow because of large improvements in the
control group in the lower and middle score ranges between post1 and post2 tests. Most
significant is the improvement in the higher score ranges of the project group; Categories VI,
VII and VIII, though impact is still spread across the group.
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Table 40: Project group: Mean gain in score by post2 test by pre-test quintiles
Quintile
Gain
Std. Dev.
Freq.
1
24.21
13.22
50
2
22.70
15.03
76
3
22.00
15.44
63
4
23.06
17.40
63
5
20.97
16.32
78
As we would expect from Figure 27, impact on learner performance in the project group by
post2 is again spread very evenly across the pre-score quintiles. The higher gains in higher
quintiles observed in the RCT data do not apply in these data, and there is no real pattern;
learners in all of the quintiles have obtained a gain of over 20%.
Table 41: Linear regression: Gain in score between pre and post2 testing compared with
membership of the high coverage project subgroup
Source
Model
Residual
Total

Post2
treatment
_cons

SS
df
13314.35
226936.7
240251

MS
1 13314.35
902 251.5928
903 266.0587

Number of obs
F( 1, 902)
Prob > F
R-squared
Adj R-squared

=
=
=
=
=

904
52.92
0
0.0554
0.0544

Coef.
Std. Err. t
P>t [95% Conf. Interval]
7.971339 1.095773
7.27
0
5.820778
10.1219
32.85839 0.662054 49.63
0
31.55904 34.15773

Membership of the project subgroup after post2-testing still obtains a significant relationship
with learner scores though it is not as strong as it was at post1-test three years previously: F
(1, 902) = 52.92, p<0.05 with t = 7.27.

It is clear that the impact measured during the 2007 study was not due exclusively to
increased school/teacher functionality as a Hawthorne Effect of the intervention, critically
important as it is to achieve such increased functionality during intervention programmes.

Looking at the figures in a very crude sense, it might be speculated that about two-thirds of
the 2007 impact could be ascribed to these functionality effects and around one-third to
exposure to the learning theory of the PMRP programme. Only further research could clarify
this speculation.
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To place these figures in their realistic context, it is relevant to note that the project group did
not receive the complete three-cycle treatment. If it had done so, it is reasonable to speculate
that the gap between the two groups would have continued to widen, even if not at the same
rate measured after the first cycle. One assumes that both forms of influence (functionality
and intervention mechanisms) would have continued to have effect over the three-year period
between 2007 and 2010.

Even after only one cycle of exposure to the intervention, we have seen that the mean 2010
post-score of the control group did not reach the mean 2007 post-score of the project group.
A descriptive analysis of the scores obtained for Part Two of the test instrument, dealing with
the four operations, provides some nuance to this finding that is not evident in the overall
mean figures.

Maen score (%)

Figure 28: Mean scores of the cohort by operation & by group: 2007 to 2010
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This figure demonstrates that the 2010 post2 scores of the project group exceed those of the
control group for each operation. However, while the 2010 post2 scores of the control group
for multiplication and division did not reach the 2007 post1 level of the project group, their
scores for addition and subtraction did reach this level by 2010.

Multiplication and division involve more complex calculations than do addition and
subtraction in which counting methods can more easily be employed to arrive at a correct
answer. The simple age/cognitive maturation of learners inherent in a longitudinal cohort
extends their ‘natural’ ability to control counting to higher numbers but improving the speed
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and accuracy of multiplication and division calculations is a rather more difficult conceptual
and cognitive problem. In short, these data provide evidence for the conclusion that the
intervention has achieved a significant and sustained improvement in the rate that learners
grasp and can use the principles of calculation, one of its basic objectives. Three years after
the end of the intervention, learners in the control group have not reached the level achieved
by learners in the project group in 2007 for multiplication or division.

What remains somewhat puzzling is the small decline of the score for division (-2.2%)
obtained by the project group between the 2007 post-test 1 and the 2010 post-test 2. The most
immediate explanation that seems plausible is that division is treated last by the programme
and learners in the project group had less time/opportunity for extended practice of the
content/skills than they did for multiplication. This suggests that learners may respond
rapidly to the programme methods but, without continued practice and reinforcement over a
sufficient period, the gains in performance may begin to erode.

207

CHAPTER ELEVEN

CAN THE INTERVENTION EFFECT BE REPLICATED ON A LARGE SCALE WITHIN
THE ROUTINE SCHOOL SYSTEM?

NON-EXPERIMENTAL REPLICATION STUDY

The 2007 RCT provided reliable evidence that the key mechanisms that are operationalized
in the intervention programme; direct instruction, the use of memorization and extended
practice of newly learned content, along with the application of diagnostic testing to direct
learners to the initial practice of content at their specific cognitive capacity, obtain significant
positive estimations of intervention effect under controlled conditions.

The RCT also provided reliable data about the scale of this effect in relation to the degree of
programme coverage achieved, identifying the end of Week 11 as the minimum level of
coverage required to expect the upper limits of improvements in learner performance to be
obtained. The two sets of impact estimations, one based on the whole sample irrespective of
coverage and one based on the high coverage project subgroup, represent the predicted range
of impact for a replication of the study in a similar environment/context. The effect depends
on the degree of coverage achieved by the schools concerned, i.e. between +10.5% to +15.5%
in percentage points, and between +56.1% and +90.6% in the size of the increase of the
baseline scores.

The conceptual design of the 2010 to 2012 follow-up replication study of the PMRP aimed to
investigate the ‘external validity’ of the findings of the RCT. It does this by measuring and
understanding the effectiveness of the intervention treatment in improving learner
performance under routine conditions of schooling without significant support from field
researchers, or any other form of support external to the routine system. Essentially, we
assume that the RCT ‘proved’66 that the causal mechanisms expressed through the
intervention programme do ‘work’ in improving learner performance under (relatively) ideal
controlled conditions operated by the research team itself. 67 The subsequent 2010 to 2012
66

Or, more strictly correct in Popperian terms, does not yet disprove.
As far as the training and monitoring of teachers, rather than the delivery of the treatment to learners, is
concerned
67
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study asked whether similar impacts could or would be obtained under routine uncontrolled
conditions, and under what contextual and operational conditions confident predictions about
impact can be estimated for subsequent replications, or for other iterations of an intervention
programme based on the same theoretical and methodological mechanisms. (Deaton, 2010)

Subsequent to the improvements in learner performance obtained during the RCT, the
Executive Management Committee of the Limpopo Department of Education accepted a
research proposal for the piloting of the transfer of the operational management of the PMRP
to departmental officials. The study was again to be ‘officially’ located as a research project
within the Provincial Learner Attainment Strategy with the policy objective of investigating
the feasibility of potential large scale application of the intervention treatment in the
province.

Players, Referees and Researchers

Senior members of the ESA research team, with myself as team leader, conducted both
components of the 2007 RCT: the intervention programme itself, along with the evaluation
research into its effects. Post-trial comments on the findings of the RCT from a number of
sources, and especially from those who considered the findings to be ‘offensive’,68 attacked
this element of the research design. In short, the perception of conflicting interests inherent in
being both ‘player and referee’ rendered the findings of the RCT ‘problematic’ even for some
of the more sympathetic educationalists with whom the findings have been discussed.

While this is prima facie an understandable procedural issue, most of the comments I have
received have not been based on any knowledge, or have failed to acknowledge, the
objectives of the extended PMRP research programme as an exercise in evidence-based
development, the research protocols it has adopted or of the collection, use and analysis of
the data at different stages of the research process. The field reports of each element of the
research programme have been submitted to the organizations providing research grants,
National and Limpopo Departments of Education, and to a number of educationalists and
academics, some at their own request. The findings of each Phase of the programme have
been presented to the educational and academic community on a number of occasions at
68

Personal comment from a prominent educationalist after a presentation of the findings of the RCT who
accused me of attempting to ‘take South African education back 50 years’.
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academic and professional conferences and seminars. All of the original datasets have been
offered for use, re-analysis or general scrutiny to any other individual or organization that
was interested. The primary raw data in the form of the original scripts for each dataset were
retained for independent investigation or rescoring. In the event, I have been asked only twice
for any of this material, once by a PhD student at Wits and once by an MA student at UCT.

As we have noted throughout this thesis, the RCT was conceived as a part of a research
programme into a specific area of theoretical interest that would result eventually in an
evidence-based solution to a specified problem, i.e. to add to socially ‘useful’ knowledge. On
the other hand, most commissioned evaluation research is based on a ‘once-off’ study of the
work of organizations with an established existing programme that is offered to the broad
educational marketplace, what Deaton (2010) refers to as ‘the evaluation of projects’. In this
context, positive evaluations become effectively marketing documents and are typically used
as such by professional practitioners who receive them.
Understandable, then, that an evaluation of an existing ‘product’ used by an established
development agency like an NGO is typically carried out externally. 69 However, the PMRP
intervention programme is not an ‘existing product’ that is being ‘offered to the educational
marketplace’. It is an attempt to operationalize a theory of learning to the degree that it can be
reliably tested as part of an extended programme of research.

The operation of both components of the RCT used during by the PMRP allowed much
greater control over the integrity and coherence of the operational delivery of the programme
to the teachers and, through them, to the learners than is possible in commissioned evaluation
research, typically operated by an NGO or provincial department of education. The practice
provides a great advantage to coherent theory-evidence driven research. Intervention effect
on learner performance (the indicator of impact) is mediated by teachers and when
researchers have no operational control over either stage of delivery, first to teachers, then to
learners, it becomes very difficult indeed to sensibly maintain a focus on the useful
evaluation of the mechanisms embedded in the programme. Teachers typically have different

69

Even then, evaluation researchers who receive these commissions are often under implicit (sometimes
explicit) pressure to ‘avoid negative findings’ from both practitioners, who ‘believe’ in their project, and
funding agencies, especially when significant sums have been invested.
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understandings of a programme and can develop a variety of ‘hybridized’ classroom
behaviours that only partially, or not at all, express these mechanisms. These differences, in
turn, influence measures of intervention effect irrespective of the validity of the proposed
causal mechanisms.

Figure 29: Relationship between the theoretical strategy and the operational delivery of an
intervention programme in achieving predicted impact

Delivery of intervention

Effective
Ineffective

Theory on which intervention is based
Effective
Ineffective
Predicted impact likely Predicted impact unlikely
Predicted impact limited Predicted impact unlikely

The RCT intervention programme was designed to compensate for potential teacher
hybridization of the treatment through the provision of prescriptive and scripted lessons. By
operating the programme ourselves, we were also able to train the teachers in the use of the
programme materials, as well as monitor and provide some corrective feedback to their
classroom-level implementation.70

The result is that we knew that the treatment programme was, in fact, delivered reasonably
coherently, and to a reasonable level of uniformity, through the same methodological forms
to learners across the project group, even if we could not fully control the eventual degree of
coverage. We could conclude that the intervention was ‘sufficiently’ delivered as designed
and achieved the desired behavioural and methodological practices in teachers. Therefore,
could be confident that the RCT provided reliable estimations of the impact of these practices
(the proposed causal mechanisms) on learner performance under controlled conditions, in a
specific context and on a specific scale.

A rather more useful questioning of the external validity of findings obtained by controlled
RCTs of intervention programmes operated by the researchers themselves comes from
Deaton who argues that:
“RCTs of ‘what works’, even when done without error or contamination, are unlikely
to be helpful for policy … unless they tell us something about why the program
worked … scientists who run … experiments are likely to do so more carefully and
conscientiously than would the bureaucrats in charge of a full scale operation. In
70

“Teach from the Manual” became a joke catch-phrase during this period.
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consequence, there is no guarantee that the policy tested by the RCT will have the
same effects … (after large-scale replication) … as in the trial even on the subjects
included in the trial or in the population from which the trialists were selected. For an
RCT to produce ‘useful knowledge’ beyond its local context, it must illustrate some
general tendency, some effect that is the result of mechanism, that is likely to apply
more broadly … it is the combination of mechanism and context that generates
outcomes and … without understanding that combination, scientific progress is
unlikely.” (2010: 448-449)

Here Deaton poses the critical question for the findings of a RCT. Are these findings really
generalizable to another population and do they provide sufficient proof of effectiveness for
policy makers to apply them on large scales in different contexts and under different
conditions?

It is in this research context that the 2010-2012 replication study was meant to confirm or
reject the findings of the RCT by subjecting them to a test of ‘external validity’. Do they have
predictive power in the ‘real-world’ context of schooling? And, if so, under what conditions
were these effects obtained?

The two main operational objectives of the 2010 to 2012 study were to:


Establish the impact of the intervention treatment on learner performance under ‘routine’
conditions of schooling. Would it obtain the same, or similar, levels of impact on learner
performance as the 2007 RCT on a much larger scale and without external support?



Establish and understand the requirements for transferring the routine operation,
management and support of the intervention treatment to the department without
significant loss of programme quality and, hence, lower levels of impact on learner
performance.

The first objective deals with the ‘what happens?’ component of outcome research and is
entirely quantitative, the second deals with the ‘why does/doesn’t it happen?’ and ‘how can
we make it happen?’ components and generates almost entirely qualitative information.
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In January 2010, the programme was extended to all of the schools in the 5 circuits of the
Malamulele Cluster: three circuits from which the 2007 RCT sample had been drawn
(Malamulele North East, Central and East) along with the two remaining circuits of the
cluster (Malamulele West and Vhumbedzi). The first is very similar to the other two
Malamulele circuits with a mixture of village, rural and remote schools, while Vhumbedzi is
a remote circuit in the Venda mountains through which the Luvuvhu River flows just before
it enters the Kruger National Park. Like the other four circuits it has received very little, if
any, external support for many years.

Complete class sets of diagnostic tests, learner workbooks and teacher manuals were
provided to all of the participants through research grants. After a one-day session for schools
on using the programme and materials, the researchers withdrew altogether from
management and support of the programme apart from one ‘operational’ (i.e. not support)
monitoring visit completed by June 2010 and another in November 2012.

The departmental district mathematics coordinator was appointed Project Manager by the
provincial SGM: Curriculum, and he, along with the two other members of district
mathematics advisory services, also attended the schools’ training sessions (one per circuit).
Participating in the programme were:


125 schools



370 teachers



Over 20 000 learners



5 Circuit Managers



125 Principals/SMT members



3 Vhembe District Mathematics Advisors



5 Circuit PMRP Teacher Committees



1 Area PMRP Teacher/SMT Committee

Sampling, Testing and Instruments

Since all of the 125 schools in the five circuits were included in the programme, it was not
possible to apply an experimental design with project and control groups. The design instead
made use of a sample of randomly selected learners with three measurement points: pre, mid
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and post. The primary sampling unit was again the school. As in the RCT, they are virtually
all rural or remote schools on the lowest quintile and had very uniform socio-economic
conditions across the whole cluster though there were some educational variations, chiefly in
the level of school functionality, managerial expertise and teacher professionalism.
Nonetheless, to compensate for the loss of an experimental design, the study makes use of
data from the whole population of schools to eliminate sampling/standard errors altogether on
this level; the sample is also the population. Significant changes in mean learner performance
obtained across the whole population can be ascribed with confidence to intervention effect,
especially if the magnitude of this change is predicted pre-intervention in the form of the
range of impact obtained by the RCT.

The summative quantitative impact component of the study is based on longitudinal tracking
of the 2010 Grade 4 classes in all of the schools from entry into the programme to exit at the
end of Grade 6 in 2012. Of the 125 schools participating in the programme, 96 offered both
Grade 4 and Grade 6 while 28 schools were either Junior or Higher Primaries without one of
the two grades, and one is a Special School.

In schools in which there were less than 40 learners in Grade 4, all of them were selected for
testing. In the schools with higher numbers, learners were randomly selected. The actual
number of learners at the school was divided by 40 and the result used to select, e.g. 80
learners/40=2, so select every second learner. This method has the advantage of breaking up
friendship groups which tend to cluster together naturally and may be composed of children
with similar interests and abilities. At baseline, the cohort was over-selected to produce a
post-project (2012) sample with a 95% confidence level and a precision of around 1.5%
(Krejcie and Morgan, 1970). The objective was to ensure that the sample was still large
enough at post-test by allowing for a degree of attrition of the cohort size over the life of the
study.

The same test instruments used in the 2007 RCT were used for this study; an item analysis
appears in Chapter 8. Pre, mid and post tests were administered by local research associates,
all of whom have recently retired but previously held prominent positions in the local
educational community as principals or teacher educators. This method was adopted to
increase the sense of withdrawal of the regular field researchers, who were already known to
many of the schools, and to eliminate potential influence on teacher responses to qualitative
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and attitudinal items on a short interview schedule at post testing. The group was trained and
quality assured by a senior researcher who also held regular moderation and review sessions.

The sequence in which research grants were approved meant that the first half of 2010 was
taken up by the introduction of the programme to the department and to schools/teachers, the
distribution of teacher and learner materials and the establishment of the pre-programme
diagnostic system. At the end of this period, researchers carried out one monitoring visit per
school, concluding in June 2010, by which time the schools had reached, at best, Week 2 or 3
of the programme.

The establishment of baselines for learner performance was to have been carried out
immediately after the withdrawal of the researchers, commencing early in the third term
(July) but an extended national teacher strike forced a number of postponements. In the event,
learner pre testing was not completed until early in the fourth term (October) of 2010. This
testing should, of course, be completed before any exposure to the intervention has occurred.
However, there are two uncontrollable factors that reduced the likely effect of this disjunction
in delivery and pre testing. The strike, by definition, meant that teachers did not present any
schooling over Term Three. Secondly, the bulk of programme delivery should have occurred
in the fourth term but this term always involves the lowest number of days of instruction for
learners countrywide as teachers plan, prepare for, administer and mark end-of-the-year
assessment. It is not likely, therefore, that we could expect significant intervention effect on
the pre-tests and, in any case, if it did occur it would tend to conceal, rather than exaggerate,
improvements in learner performance.

To allow enough time for the teachers and learners to complete one full cycle of programme
delivery between tests, the mid (2011) and post (2012) tests were carried out at the same time
of year as the pre-tests in 2010.

Transferring Management of the Programme to the Department

The first and overriding problem of introducing and operating a developmental programme in
the routine system is the institutional weakness of provincial education departments,
especially in qualitative terms. This makes it very difficult to ensure consistent quality
management of the intervention programme. Most of these departments are unable to sustain
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a sufficiently extensive (dosage) and intensive (quality) level of management and support.
Most are unable to gather and respond to monitoring information about the extent, degree and
quality of programme implementation in classrooms that provides the necessary basis of
coherent programme management.71 In all of the previous provincial interventions with
which we have been involved, the provincial departments of education lacked the capacity to
manage and deliver the developmental programme without external assistance and extensive
use was made of external agencies, especially NGOs, to provide field staff to these
interventions. Officials and teachers alike tended to regard the interventions as limited-term
external NGO ‘projects’ that had a discrete life.72 In practice, external NGO ‘co-facilitators’73
were generally left to manage and deliver the programme on their own but typically lacked
the institutional authority required to establish and maintain coherent and organized
programmes of instruction in schools and across whole groups of schools.
The consequence is that these interventions failed to achieve systemic change in ‘lodging’
their respective programmes, i.e. consistent application of the change mechanisms of the
interventions within the routine operations of the departments, schools or teachers concerned.
This is not to say that none of these interventions achieved change but to recognize that
enduring systemic and organizational change was not achieved as intended and it is very
unlikely indeed that any of the departments concerned could now replicate the programme on
a small or large scale.

The original design of the strategy intended to transfer the operational management of the
PMRP programme was necessarily and logically based on the institutional district curriculum
advisory service. All of these officials were trained, and also carried out some school support
visits in a number of schools in 2010, but the strategy very soon proved unworkable in
practice. There were only three GET mathematics coordinators for all of the 27 circuits and
692 schools in Vhembe and one was to retire at the end of 2010.

An adapted transfer strategy based on local-level structures and individuals identified and
developed by the Departmental Project Manager (the Vhembe District GET Mathematics

71

Or, indeed, of any curriculum management in general.
Unused NGO-project materials can be found discarded in the storerooms of many a South African school.
73
As they were termed during Khanyisa.
72
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Coordinator) was instead applied. The programme was to be managed and supported by a
three-tier structure.


The Vhembe District Steering Committee comprised of district and circuit officials
together with a principal representative: a formal ‘enabling’ structure.



The PMRP Malamulele Area Committee comprised of SMT and teacher representatives
from each of the five circuits, along with Circuit Managers: a representative forum and
communication structure.



The Management and Quality Support Sub-committee (MQS) comprised of selected
leader-principal/SMT members and key-teacher members from each of the five circuits:
the ‘centrepiece’ of the operational management and support structure.

The objective was to use the MQS as an operational support to the Project Manager in place
of the inadequate curriculum advisory service, without the need for external (and expensive)
temporary NGO ‘co-facilitators’ who add little or nothing to the institutional capacity of the
department. The concept rested on the identification of principals and teachers who had
proved themselves capable in practice of delivering the intervention programme themselves
and who were, in addition, willing to play an additional role. The members of the MQS were
invited to join the committee after the first external monitoring visit in conjunction with the
Project Manager.74 Once selected, the members of the MQS received two extra training
sessions, one in the use of the programme, and one in the use of a simple monitoring tool to
provide feedback to managerial decisions.
This structure, in effect, gave the Project Manager an internal ‘specialist staff’ in each of the
five circuits thus extending the institutional, and potentially permanent, capacity of the
department to provide overall operational management and support to not only the PMRP
programme but to any similar intervention in mathematics.

We return to the outcomes of the transfer strategy, and the degree to which programme
coverage was achieved in practice, after presentation of the impact analysis.

74

Since some of these schools had participated in the RCT, we already knew of a number of ‘high-flyers’ who
eventually proved to be some of the most valuable members of the MQS.
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Analysis of Impact on Learner Performance
The study cohort consisted of 2,744 randomly selected learners who entered the programme
at Grade 4 level in 2010 and reached Grade 6 level by post-testing on 2012.75 This group
received learner workbooks in 2010 but were not resupplied with ‘top-up’ materials after that.
At post testing, the cohort was divided into two groups. The first was tested on the same
instrument that was used for the cohort in 2010 and, consequently, the pre and post scores
were obtained from the same group of learners for the same instrument. Table 42 reports
these data and reflects the improvement of the cohort measured against itself on an
instrument originally standardized for Grade 4 content. The second group was tested on the
Grade 6 instrument to obtain a measure of performance of the cohort against Grades 4 and 5
competency standards. These data are reported in Table 45 and reflect the progress of the
cohort towards the expected minimum standards for Grade 6.

Table 42: Replication study: Cohort: Improvement of learner performance: Change in scores
between pre and post testing by circuit (%) (M=Malamulele)

Pre (2010)
M. Central
M. East
M. North East
M. West
Vhumbedzi
Whole sample
Post (2012)
M. Central
M. East
M. North East
M. West
Vhumbedzi
Whole sample
Difference
M. Central
M. East
M. North East
M. West
Vhumbedzi
Whole sample
75

n

Score

SD

283
236
303
171
270
1263

30.1
35.7
33.0
30.9
30.7
32.1

15.7
17.4
16.4
14.9
15.7
16.2

283
236
303
171
270
1263

55.8
61.7
54.2
56.2
57.2
56.9

21.1
21.1
21.8
20.1
20.2
21.1

+25.7
+26.0
+21.2
+25.3
+26.5
+24.8

These learners wrote all three tests. The scores of learners who wrote only a pre, mid or post-test were
discarded from the data set.
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Considered in percentage points, the RCT obtained a predicted effect for a replication of the
intervention in a similar environment/context of between +10.5% and +15.5% over one cycle
of treatment. The impact estimation for the replication study obtained over a similar period of
one cycle between pre and mid testing in 2011 was +12.4%, almost at the mid-point of the
predicted range. By post testing in 2012, the cumulative difference between the pre and post
scores had grown to +24.8%, exactly double the pre-mid figure. Learner performance had
again improved by +12.4% between mid and post testing. These cumulative gains were
spread consistently across each of the five districts with a range of 5.3%, with a high of
+26.5% (Vhumbedzi) and a low of +21.2% (M. North East).

This close correspondence between the obtained effect estimation of the replication study and
the predicted effect obtained in the RCT provides powerful evidence for the external validity
of the RCT. The close correspondence of gain scores obtained at three different points over
five years, each obtained under differing levels of programme management, support, supply
and coverage, provides very strong evidence that the fundamental change mechanisms of the
intervention programme are the consistent cause of improved performance.

Considered as an increase of the baseline score, the RCT predicted range was between
+56.1% and 90.6%. The obtained estimation over the same period in the replication study fell
well below this range at +38.6%, primarily because the baseline score obtained in 2010
(30.1%) was so much higher than obtained in 2007 (18.4%). This was a very interesting
finding indeed and one to which we shall return in some detail. By 2012, the baseline score of
the cohort had increased by +77.3%, again almost at the mid-point of the predicted range
although it took two, rather than one, cycles to reach this level.

A comparison of the distribution of learner scores across the sample at pre and post testing
confirms that positive improvements in performance were obtained across the whole sample
in all of the score range categories.
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Proprtion of sample (%)

Figure 30: Replication study: Distribution of cohort scores between
pre and post testing
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At baseline, the mode category was III, with 25.1% of the sample falling into this category,
while the mode category by post testing was VII with 17.0% of the sample, a decline of 17.7% in category III and an increase of +13.5% in category VIII. Declines, ranging from 4.3% to -17.7% of the sample, were obtained in all of the categories for scores lower than 40
and corresponding increases, ranging from +5.4% to +13.5% in all categories for scores of 50
and over.

This pattern of increase/improvement across all pre-existing ability ranges is clearly reflected
by comparison of the gains achieved at post testing by each of the pre-test quintiles.
Table 43: Replication study: Gain in learner score by post testing by pre-test quintile
Pre-test quintile
1
2
3
4
5

Mean gain in score
+23.1
+26.4
+27.3
+25.9
+21.6

Std. Dev.
14.4
15.0
14.7
14.3
14.3

Frequency
292
261
242
230
238

While gain is concentrated in the three middle quintiles to some extent, the range across all
five is very low at 5.7%; learners of all pre-existing ability levels achieved significant gains
in performance as a result of exposure to the programme intervention.
The distribution of consistent improvement in performance across the whole sample is
reflected in the proportions of schools that obtained various levels of gain in mean score
between pre and post testing.
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Table 44: Replication study: Percentage of schools in gain range categories
Gain
0 to <10
10 to < 20
20 to < 30
30 to < 40
40 and above

Schools
(n)
2
21
46
25
2
96

Sample
(%)
2.1
21.9
47.9
26.0
2.1
100

All of the schools obtained a gain in score between pre and post testing while almost half of
them (47.9%) obtained a gain of +20% to 39.9%. Only 3.5% of the schools obtained a score
equal to, or lower than, their baseline score while 46.6% of them (589) obtained a gain of
score between +22% and +41%.
Of course, it is true that the instrument through which both pre and post means were obtained
was standardized for Grade 4 level content, and that the cohort progressed from Grade 4 to
Grade 6 during that period. We would, therefore, logically expect some gain in score in any
case due to ‘routine’ schooling and simple maturity, even if the intervention programme had
never been presented.

However, as we have seen, the item analysis in Chapter 9 indicated that the cohort in Grade 4
was nowhere near the expected competency level for that grade and, consequently, at
baseline, only 13.9% of learners obtained a conventional ‘pass mark’ of 50% or over. By post
testing in 2012 the proportion of learners obtaining a ‘pass mark’ had increased to 61.3%, an
increase of 45.7%. These are dramatic increases, the increase in learners achieving a pass
mark at Grade 4 level is +308.8%, and all of the evidence we have reviewed to this point
supports the conclusion that it is very unlikely indeed that gains of similar magnitude would
have been obtained in the absence of the intervention treatment.
What these figures suggest is that the learners in the cohort made significant progress in
‘catching up’ content, skills and concepts that they failed to grasp prior to, and just after
entering, Grade 4. After two cycles of treatment, almost two thirds of the sample were
‘passing’ this grade.
To provide further information on this issue, we have already noted that the study cohort was
split in two at post testing; the first half completed the Grade 4 instrument as reflected above,
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while the other half completed the Grade 6 instrument. This instrument included items
dealing with the assessment standards for Grades 4 and 5. Table 45 reports the difference
between the pre-scores obtained from a sample of Grade 6 learners at baseline in 2010 and
those obtained at post testing in 2012 from the cohort which reached Grade 6 in that year (i.e.
different learners). This measure reflects achievement of the cohort against the minimum
standards that learners should have mastered (passed) for promotion to Grade 6.
Table 45: Replication study: Operations covering Assessment Standards for Grades 4 and 5:
Grade 6 Learners
n
Pre
M. Central
M. East
M. North East
M. West
Vhumbedzi
Whole sample
Post
M. Central
M. East
M. North East
M. West
Vhumbedzi
Whole sample
Change
M. Central
M. East
M. North East
M. West
Vhumbedzi
Whole sample

mean

SD

136
150
227
264
329
1106

17.2
19.8
16.2
17.7
16.2
17.2

12.5
14.6
15.4
14.1
15.4
14.7

317
264
323
255
322
1481

40.9
45.9
40.0
41.2
39.0
41.2

24.0
26.4
25.0
25.5
24.7
25.1

+23.7
+26.1
+23.8
+23.5
+22.8
+24.1

The RCT obtained a mean score at post testing for this item of 45.1%; the mean score at post
testing in the replication study was similar, if a little lower, at 41.2%, while the change
(impact) was +24.1% as against the +27.6% obtained by the RCT, again very similar.

These data provide evidence of the effectiveness of the intervention treatment in improving
learner performance on assessment standards prior to the grade level in which they found
themselves. This feature is essential in terms of multigrade classes in which many of the
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learners are far below required competency levels. It is essential that all learners in
multigrade classes can improve even if they cannot reach the standards for the grade in which
they are enrolled.
Types and Frequency of Problem Solving Methods used by Learners: 2012
The second indicator for changes in learner performance used by the RCT noted a significant
change in the patterns of problem solving methods used by learners. An improvement in
mean score was accompanied by a decline in the use of the counting of single units and an
increase in the use of calculations using whole numbers. The mechanisms employed by the
intervention programme were intended to allow learners to achieve this transcendence and,
hence, achieve higher performance scores.

To provide the data for this indicator of impact, a sample of 462 completed post-test scripts
was chosen at random (every tenth test with rough workings). This produced a subsample of
around 8.2% of the whole sample. This is a fairly low proportion, dictated by the limits of the
research grant, but it is randomly selected, and is the third analysis of this type.

Table 46: Replication study: Learner scripts analysed: 2012 (n)
M. Central
M. East
M. North East
Vhumbedzi
M. West
Total

Grade 4
45
44
45
43
48
225

7.7%

Grade 6
46
52
45
45
49
237

8.7%

Each script was again analysed in terms of two parameters. The first analysis tells us what
proportion of learners rely on the different methods, the second the proportion of each
method used in relation to the global total of all workings used by all learners to solve
problems.
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learners (%)

Figure 31: Replication study: Frequency of problem-solving methods used at
post-testing by learners (% of learners)
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That the overwhelming majority of learners used whole numbers, some in repeated
operations, across both grade levels is obvious. In terms of the whole sample, over half (54%)
of Grade 6 learners worked exclusively in whole numbers and a further 45% used whole
numbers in over half of all of their workings. Only 1% still used unit counting at all. The
corresponding figures for Grade 4 are 26% and 53% with 22% still using unit counting either
exclusively or in more than half of their problem solving attempts.

The second analysis compares the frequency of each method not against learners but against
the total number of workings counted. Once again, note that learners often used the same set
of unit marks to solve more than one problem and it again proved impossible to establish the
true absolute number of unit counting attempts which are inevitably understated.

% of all workings

Figure 32: Frequency of problem-solving methods used at post-testing by
percentage of all workings
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This type of analysis reflects a somewhat higher proportion of unit counting methods than the
previous. Some of the learners who used calculations also sometimes used counting,
generally in the context of solving a step in an otherwise whole number calculation. The
effect is not enormous but it is readily visible when the two charts are compared; there is still
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some ‘fall back’ on counting methods even for learners who were relatively competent in
using calculations.

On the other hand, 82.5% of all workings counted in Grade 6 used conventional calculation
methods, compared to the 85.6% obtained after the RCT. The really big difference here is
between the 39.3% obtained at post testing for Grade 4 in 2007 and the 64.6% obtained in
2012.

Once again, a significant increase in learner performance scores has been accompanied by a
significant increase in the ability of learners to transcend pre-mathematical counting methods
in favour of the use of whole numbers in conventional calculations.

Improved baseline scores: 2007-2010. Evidence of persistence and leakage of intervention
effect?

That none of the schools obtained a decline in score, and that only one school recorded a gain
below +2.0%, was entirely unexpected. In the 2007 RCT, one project school (5% of the 20
schools), the most dysfunctional, fell into this category. One could reasonably have expected
that, in the normal course of events and for the same reason, at least five or six of the 96
schools from which the replication study cohort was drawn would also do so. This is
especially true when we consider the level of external support and control over the
implementation of the intervention available to the 2007 RCT.

We have already noted that the 2010 mean pre-score of Grade 4 learners of 32.8% was very
much higher than that obtained by the project group of the 2007 RCT with a difference of
+15.1% percentage points and a growth of 85% of the baseline figure of 17.7%76 This
represents a significant and generalized improvement in performance between early-2007 and
late-2010 in all of the five cluster circuits. The 2007 mean was obtained from a sample of
schools in only three of the cluster circuits but it is very unlikely indeed that the two circuits
added in 2010 (Malamulele West and Vhumbedzi) would have materially improved the mean
2007 figure. If anything, Vhumbedzi, a circuit in which all of the schools are in a remote rural
area, could reasonably be expected to have had the opposite effect.

76

Recall that the same instruments were used in both studies so there are no potential comparability problems.
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The 2007 RCT schools were all part of the 2010 replication study and the 20 project schools
alone made up 19.6% of the 2010 population. It appears reasonable to assume that
intervention effect in terms of methodological forms persisted at these schools and had
positively affected the mean to some degree. It is also plausible to assume that there was
‘leakage’ of programme concepts between the 2007 project and control schools. The teachers
in control schools were well informed of the basic methods of the intervention and about the
results of the RCT and they had, consequently, a positive motivation to adopt similar
methods. If this is true, the possible proportion of the 2010 sample thus influenced rises to
39.2%. Assuming causation from this point may be a tenuous exercise but it is, at least,
possible that a group of 40% of schools in routine departmental cluster workshops could have
had some influence on the methodological behaviour of the rest of the schools in the cluster.
Alongside this sort of ‘organic’ leakage of programme methodology, there are also
organizational and systemic explanations. The circuit manager of one of the 2007 RCT
circuits was promoted to District GET Mathematics Coordinator and was already well aware
of the principles, methodologies and materials of the programme. He was subsequently
appointed Departmental Project Manager of the PMRP in 2010 and was, consequently, in an
ideal position to combine the intervention programme with systemic changes between 2007
and 2010, thus providing an organizational source of ‘leakage’ of the programme
mechanisms (not materials) to schools that had not participated in the RCT. Similar content
sequences and the key mechanisms of the PMRP intervention were, to one degree or another,
embedded in the common district programme and so included all of the schools eventually to
participate in the 2010 study.

Secondly, some of the basic features of the intervention programme are closely related to the
principles promoted by the Khanyisa programme in one of the 2007 circuits. These schools
were excluded from the 2007 RCT but had been exposed to a ‘continuity of approach’,
chiefly in the form of re-affirmation of the value of planned lessons, direct instruction, learner
practice and memorization, in the transition from Khanyisa in 2007 to the PMRP intervention
in 2010. Along with this prior exposure to Khanyisa in the one circuit (Malamulele North
East), the national Foundations for Learning Campaign was implemented in all five circuits
by 2010, again providing generic or systemic reinforcement of the basic principles and
mechanisms of the intervention treatment. In this case, the lesson structure and pacing of the
two programmes was virtually identical; mental maths, teach new content, practice new

226

content, enabling the project manager to promote the integration and alignment of the PMRP
and the FFL programmes.

The Project Manager and the PMRP MQS Committee organized a mental mathematics
competition for all Intermediate Phase learners in all of the schools in the cluster in support of
the Foundations for Learning Campaign. This supported the objectives of both programmes
and ensured that teachers regarded the intervention programme as a ‘credible’ and ‘official’
programme even though both FFL and the intervention contradicted what was understood to
be the central methods of OBE: reduced/minimal teacher guidance, no ‘spoon feeding’, no
‘rote learning’, no ‘repetitive practice’, an emphasis on group work, and so on.

In the fourth term of 2011, and as a result of the Annual National Assessment (ANA) results,
the provincial department suspended all routine schooling in favour of an emergency
intervention in literacy and numeracy. For all of the circuits and schools in the Vhembe
District this consisted of a programme directly based on the PMRP intervention in content
sequencing and methodology, even though none of the materials could be provided. In the
Malamulele Cluster, schools simply continued to use the intervention programme (though
most started again from Week One). Although this does not affect the discussion around the
unexpected nature of the 2010 pre-scores per se, it does make plain the degree of sustained
institutionalization of the basic model and mechanisms of the treatment programme.

In effect, this basic similarity and consistency in methodological forms ensured that teachers
across the cluster were more likely to be convinced that it was no longer ‘forbidden’ to
directly teach content to learners, to require them to memorize times-tables, to carry out daily
mental tests, to provide extended repetitive practice to learners as individuals or to abandon
the exclusive use of group work.

Taken in combination, all of these factors provide a strong basis for the conclusion that the
evident generic improvement of learner performance across the whole cluster between 2007
and 2010 was caused by an increasing institutional awareness of the key mechanisms
embedded in the intervention whatever their source, and, in this case, the sources were
mutually reinforcing.
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Evidence for the validity of these mechanisms is further strengthened by the fact that, despite
starting from a pre-score +15.19% higher than the 2007 Grade 4 score, the 2010 replication
cohort nonetheless obtained a gain in score of the same magnitude over one cycle of the
intervention as did the 2007 RCT sample. This was not simply an artefact of coming off a
very low baseline in the RCT.

Programme Coverage and Usage under Departmental Management

The second objective of the replication study was to establish and understand the
requirements for transferring the routine operation, management and support of the
programme to the department without significant loss of programme quality and, hence,
lower levels of impact on learner performance. As we have seen, impact within the range
predicted by the RCT was obtained and learner performance was significantly improved.

The issue of the degree and quality of the programme coverage achieved under departmental
management during the 2012 to 2012 intervention is of obvious importance. The 2007 RCT
obtained a steady increase in mean score the greater the degree of completion of the
programme. The first of the two external monitoring visits was carried out in mid-June 2010
just after all of the schools had completed diagnostic testing, allocated learners to their
competency levels and initiated programme delivery. The question of eventual coverage
could not be investigated at this early stage and was left to the second external monitoring
visit in late-2012.

Instead, researchers during the first (2010) visit observed the presentation of a PMRP lesson
and schools were placed into one of three ‘quality’ categories. The eventual aim of internal
departmental management was to get all schools into Category One:
1: Actively implementing the programme at a ‘sufficient’ pacing and level of quality =
progressing well = does not need support
2: Actively implementing the programme but does need support in either increasing pacing or
improving quality from the MQS
3: Either not actively implementing the programme, or are doing so with a negative attitude,
slow pacing and low level of quality = needs departmental management intervention
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This monitoring immediately made it evident that unsupervised teachers, even in the same
school, can be very different in terms of professionalism, attitude and motivation. We
assumed, on the basis of the RCT, that the standardization of the programme and its
management would operate across schools irrespective, to a limit, of the inherent quality of
the teachers at each school. This proved to be basically true, especially with regard to
relatively under-skilled teachers, but we very clearly underestimated the problems of
generally negative attitudes and low levels of motivation in some teachers when working on a
larger scale with very little supervision.

Figure 33: Replication study: Status of programme delivery by quality
category in all circuits: June 2010 (% of schools)

Needs management
intervention
33%

Progressing
well, 20%

Needs support to
quality, 47%

It is from the Category One group that the leader-principals and key teachers who formed the
Management and Quality Support Committee (MQS) were drawn and some of them provided
impressively coherent instruction to their learners under the most difficult of circumstances.
Summer temperatures in the area frequently exceed 40 degrees for long periods. These
teachers and principals also tended to be overburdened with other managerial and community
responsibilities, as is the way of the world, but they were capable of using the programme,
given a few ‘tweaks’ here and there, on a self-sustaining basis.

The largest group of teachers fell into Category Two. They generally had sincere and positive
motivations, and were willing to work consistently with the programme materials but lacked
confidence or expertise. They required more support in understanding and applying the
different components of the programme and its pacing. There was little doubt that the vast
majority of these teachers were capable of achieving Category One status if they received

229

sufficient planning and programme direction and support, the intended role of the MQS
group.

Around a third of the teachers fell into Category Three. They appeared to have generally a
negative attitude to their profession and, often, their employer, a situation worsened by the
2010 teacher strike which affected the whole of the third term. Some of these teachers paid a
sort of ‘lip service’ to the programme and, we were told by members of the MQS, to the rest
of their teaching responsibilities.

The difficulty of managerial supervision in these circuits, given their size and remoteness, in
the absence of sufficient numbers of district and circuit officials, provided these teachers with
considerable latitude, a latitude extended by the implicit belief that teacher unions will defend
virtually any form of teacher behaviour. Whatever the cause, it was evident that some
teachers required the managerial authority of the department to demand sufficient compliance
with their job responsibilities to the point that any form of effective instruction for learners
was possible. This is not a situation unique to Vhembe.

All of the monitoring information was provided to the Project Manager who, in turn, was to
use it for structuring and directing the practical activity of the MQS committee, the subject of
the next section.

The second external monitoring visit in 2012 tried to establish the actual degree of
programme coverage achieved during the replication study but this proved to be almost
impossible without extensive and time consuming ‘forensic investigation’. The first issue to
consider is that original operational design of the programme assumed the annual supply by
the department of learner workbooks for all incoming Grade 4 learners along with a 10%
‘top-up’ for the other two grades. However, the department was unable to maintain supply as
intended. The underlying causes of this unfortunate situation have since become painfully
and publicly evident,77 but the result was that over years two (2011) and three (2012), schools
were increasingly spreading available books across the whole of the Intermediate Phase.
They attempted to accommodate incoming Grade 4 classes from their dwindling central

77

Fraud and the misuse of allocated funds for text books and other materials in this department have become a
national public issue.
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school supply received in 2010 instead of each learner retaining his/her own copy over the
three years of this phase as was assumed by the intervention design.

This made it very difficult indeed to establish with any accuracy the actual degree of
coverage achieved by teachers by post testing. Most existing workbooks in schools had
exercises for all of the different grade levels completed by a number of different learners
since early-2010. In addition, when teachers used photocopies from a personal copy of the
workbook that were pasted into learner classwork books, and were mingled with other
exercises from other sources on other topics, it became impossible to determine coverage
through the formal daily record in the Week/Day section of each lesson that was used during
the RCT to gather these data. The consequence for the study was that, unlike the RCT, we did
not have the quantitative data to allow for the use of a pre-defined parameter for ‘programme
coverage’ as a variable influencing effect in a post study subgroup analysis.78

Reports from the departmental project manager and members of the MQS were supported by
the impressions, discussions and evidence researchers were able to find in late-2012. It was
evident that many teachers used intervention lessons as part of their overall instructional
programme within the content sequence of FFL, and of the district work schedule, rather than
sequentially week by week as intended.79

There does not appear to be any real reason to doubt that the programme materials were
generally being used, in one fashion or another and to one degree or another, across many of
the schools in the cluster as a ‘generic’ resource for dealing with the LO1 sections of the FFL
programme or of common district work schedules. Consequently, it was likely that
most/many learners had completed some/many/most of the exercises on photocopied sheets
from programme materials that could not be located by researchers using the strict definition
of ‘evidence’ that was applied during the RCT.

Shortages of learner workbooks and a growing reliance on photocopies, combined with the
need to conform to other departmental instructional sequences, clearly contributed to a
dilution of the formal prescriptive and sequential nature of the programme but the materials
78

i.e. at least 11 weeks of completed programme coverage.
There were initially some sequence clashes; for example a departmental schedule requiring the treatment of
volume (LO4: measurement) before the treatment of multiplication!
79
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and basic methods were, nonetheless, institutionalized to one degree or another,
dysfunctional schools notwithstanding, and were seen to be integrated with other
departmental programmes. The fact that these basic methods, and the materials themselves,
were so closely aligned with, and supported the achievement of the objectives of national and
provincial programmes contributed significantly to the ‘absorption’ of the basic principles
and methodology of the intervention programme.

In conclusion, it became increasingly evident that the changes in teacher methodological
practices introduced and encouraged by the intervention programme in 2007 had spread
throughout the five circuits by 2012, irrespective of whether the actual PMRP intervention
programme had or had not been completed in sequence, and with an unknown degree of
programme coverage achieved.

Departmental Management, Monitoring and Support of the Programme

We knew at the outset that intervention treatments based on extensive (and expensive)
external management, monitoring and support may be capable of achieving improvements in
learner performance. Typically, however, they do not result in sustainable systemic change
after withdrawal of the external agencies because they do not result in improved institutional
capacity.

The objective of the adapted transfer strategy was to replace missing curriculum development
capacity of the department by providing the project manager, also the district mathematics
coordinator, with a specialist ‘staff’ in each of the five circuits. This objective was partially
achieved in the establishment of the MQS Committee.

However, it soon became apparent that formal institutional agreement at provincial level is a
necessary but not sufficient condition for operational integration in an environment in which
senior district managers do not always actively cooperate and interact willingly with the
intervention managers, whether external or departmental. Although no impediments were
placed in the path of programme implementation at school level by senior managers, little
other support was extended to the PMRP which, in effect, remained just another NGO
‘project’. Despite the issue of a formal provincial circular in 2010 from the SGM requiring
generic support to the programme, each year these managers insisted that the departmental
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project manager provide the personal confirmation of the SGM of each of the associated
programme and research activities: training sessions for teachers, cluster meetings, learner
testing, monitoring and report-back meetings.

In operational terms, the departmental project manager remained wholly responsible to senior
managers and had no real institutional authority to discharge his responsibilities with regard
to the intervention. No changes to his routine work schedule were possible until the very last
month of the programme in 2012 when he was permitted to join the field researchers for
monitoring. The consequence was that contact with schools in the programme after the
withdrawal of the researchers in 2010 was neither systematic nor regular but was instead on
an ad hoc basis and incidental to his unchanged routine district responsibilities to be ‘fitted
in’ as and when it became possible.

Critically, no budget was provided for the project manager and he, consequently, was unable
to pay for photocopying and travel, as well as the costs of the internal management and
support committee (the MQS). Nor was he able to secure ‘time-release’ from routine duties
for members of the MQS in order for them to play their envisaged role within the transfer
strategy.

The obvious consequence of both factors was that the project manager was not able to
manage and sustain the expected activity of the members of this committee, the ‘centrepiece’
of the ‘capacity-building’ transfer strategy. The equally obvious conclusion is that there was a
failure to establish local–level management and support structures within the formal
operations of the department after withdrawal by the researchers.

Nonetheless, the replication study very strongly suggests that any future implementation of
any developmental intervention programme will necessarily have to rely almost completely
on local-level structures for operational management and quality support. There is next to no
chance of the department sourcing, and paying for, the numbers of properly qualified staff to
augment the District Curriculum Advisory Services to an adequate degree for so many
schools.80

80

There are over 1,000 schools in total in the Vhembe District.
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Intervention programmes that intend to develop and use local-level structures to improve the
organizational capacity of a department to manage, monitor, support and institutionalize an
intervention, must establish the formal practical organizational arrangements that express and
‘solidify’ this process before the intervention programme itself is introduced. Each
component of the local-level management and support structure needs proper practical
organizational arrangements. Formal work plans and time allocations must include
programme responsibilities that cannot be regarded as ‘add-ons’ to normal work plans.
Unless formal procedures are adopted to enable the useful activity of a departmental project
manager and internal local-level support structures of a developmental programme, no
transfer strategy relying on local-level support to operational management and quality
through ‘key’ principals and teachers can be expected to succeed.
Despite the formal outcomes of the organizational ‘lodging’ strategy, both the project
manager and virtually all of the (25) members of the management and support committee
made significant and consistent personal efforts within their own time and cost constraints to
provide a degree of collegiate mentorship, advice and support to their fellow teachers that
was fruitful both reportedly and in terms of improvements in teacher practice and learner
performance.

Conclusion

The most significant empirical outcome of the replication study was the confirmation of the
external validity of the RCT in the form of the close correspondence of the scores obtained
during the replication study with the predicted range provided by the RCT.

This close correspondence does not appear to depend on having an extensive monitoring and
support structure or on using the PMRP intervention programme materials in the ‘correct’ or
intended sequence and pacing. There is instead both quantitative and qualitative evidence that
it is the mechanisms operationalized in one specific way in the PMRP programme that caused
significant improvements in learner performance.

The evidence collected between 2007 and 2012 as a whole suggests that it appeared to make
little difference whether these mechanisms were employed through the PMRP programme
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only (2007), through a combination of the PMRP and mutually compatible programmes
(2010-2012) or even without the PMRP programme materials (2007-2010). They are
effective within the predicted range of the RCT as long as they are used.

While the effectiveness of these mechanisms is not dependent on a specific operational
programme iteration, the RCT subgroup analysis demonstrates that their effectiveness in
achieving a higher degree of improvement is very strongly influenced by the degree to which
an organized course of instruction based on these mechanisms is presented and completed.
These core mechanisms of the teacher-centred model operationalized during the PMRP have
been noted repeatedly; direct instruction of novel content to learners; the use of memorization
and the extensive regular practice of newly presented facts, skills and competencies.

These mechanisms are applied within the organizational context of a diagnostic assessment
system controlling the exposure of learners to content of the appropriate cognitive and
conceptual complexity.

The most important systemic outcome of the replication study was the evidence that
meaningful organizational capacity can be developed in local-level structures comprised of
officials, SMT members and teachers, instead of periodically increasing short-term
departmental capacity ad hoc by providing many short term external co-facilitators.

The programme produced a group of competent and enthusiastic SMT members and teachers
in each of the five circuits who, with a little extra mentoring and training, could provide the
capacity for the sustained operation of the PMRP programme, or of any other mathematics
programme based on the same model, in their own circuits. If the same process was followed
in each succeeding cluster of circuits, the department would soon have experienced and
competent internal management and support structures spread throughout the district.
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CHAPTER TWELVE

WHAT DOES THIS ALL MEAN?

BENCHMARKING THE SOCIAL/EDUCATIONAL SIGNIFICANCE OF THE IMPACT
ESTIMATIONS OBTAINED DURING THE PMRP RESEARCH PROGRAMME

One of the questions most dreaded by education and evaluation researchers at dinner parties
is the breezy “So what does all this research tell us about what to do? What does it actually
mean in terms of the real world?” Often followed up by a pointed comment to the effect that
engineers can put a man on the moon, physicists can predict eclipses and doctors can find a
treatment for excessive blood cholesterol, but sociologists can’t even agree on how to carry
out research, much less usefully explain the social/educational/economic/political
implications of their findings.

More seriously, programme evaluators are frequently faced with genuine questions about the
social significance of statistically significant findings after the submission of a Final Report,
even when the commission brief has said nothing about the issue. The simplest parameter to
use ‘on the run’ is a cost-benefit analysis, even if in as basic a form as obtained impact by per
capita cost. Important as that may be, it is an answer that is directed only to the cost of the
implementation of a specific intervention programme rather than to the effectiveness of a
model of change mechanisms that could be used in any number of specific intervention
programmes, each with its own unique cost-benefit ratio.

The most obvious context for the social significance of educational outcomes in South Africa
is the seemingly endemic backlog in conceptual, cognitive and procedural development in
mathematics exhibited by the overwhelming majority of South African primary school
children, most of whom are black. Consequently, the most immediate index of social
significance is the degree to which an intervention model provides evidence that it is capable
of accelerating the learning of the majority of children to, or at least nearer to, their expected
levels of competence in terms of age and grade. Are gains so small that it might take another
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20 or more years to achieve national parity in sustaining an acceptable level of performance
in mathematics in primary schools? 81

Most learners start from very low baseline scores and increases in percentage points that may
be statistically significant can still indicate such a low rate of improvement that it would take
a long time to reach their expected levels. To be socially and educationally significant, it is
necessary that impacts in percentage points measured against a very low baseline also reflect
significant improvements in the growth of the baseline score to suggest that improvements in
learner performance can be accelerated by the intervention programme.82

In the case of the PMRP, the figure of +111.9% growth in baseline score obtained by the
RCT subgroup of high coverage schools suggests that the mechanisms operationalized in the
intervention programme are capable of producing improvements of the required magnitude
over short periods of treatment.

To further examine the quantitative data in more detail, it would have been ideal to compare
the performance of learners and schools against the scores obtained for learners and schools
in these circuits by the NSE as a standardized benchmark against which they could be
compared. Permission to release these data is required, and was requested, from the DG of
the DBE. No response was received (despite a follow-up request).

We are instead forced to rely on published figures resulting in comparisons across different
samples drawn from the NSE and SACMEQ. These figures are compared with the PMRP
figures, perhaps a crude comparison but illustrative, nonetheless.
Table 47: Benchmarking: Comparison of proportion of PMRP Grade 6 learners at Grade 5
competence level or below with the comparable figures obtained by the NSE and SAQMEC
(% of sample)
NSE National:
2005
80%

81

NSE Limpopo:
2005
90%

SACMEQ National:
2007
80%

PMRP Pre:
2010
96%

PMRP Post:
2012
61%

Let us not forget here that the new curriculum was introduced 16 years ago and we still far from national
parity in outcomes.
82
Given that, as we have already seen, as the baseline score increases, the degree of expected growth of the
mean score will decrease as more individual learners begin to reach their ‘ceiling’.
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These figures suggest that the project group shows significant improvement against
performance obtained during these two studies.

To help explain this difference, we provide some data derived directly from the NSE
instrument itself. The first part of the PMRP instrument for both grades consists of the
Learning Outcome One (LO1) items of the NSE instrument.

Table 48: Benchmarking: Pre and post scores for LO1 items from the NSE instruments:
Grade 6: 2007
Grade 4 (12 items)
Whole sample High coverage
subgroup
Project
Pre
Post
Change
% increase on baseline
Control
Pre
Post
Change
% increase on baseline
Impact: % points
Impact: % increase

Grade 6 (16 items)
Whole sample Hi-coverage
subgroup

23.2
30.0
+6.8
+29.5

21.6
36.8
+15.3
+70.7

20.2
25.4
+5.2
+25.7

18.5
32.1
+13.6
+73.6

23.4
17.9
-5.5
-23.5
+12.3
+53.0

23.4
17.9
-5.5
-23.5
+20.8
+94.2

17.8
19.8
+2.0
+11.3
+3.2
+14.4

17.8
19.8
+2.0
+11.3
+11.6
+62.4

Of the different Learning Outcomes, LO1 obtained the lowest national mean of 20% in Grade
6 in the NSE. Though the Limpopo mean is not reported, simple comparison with the rest of
the data shows it cannot be higher than 20% and is very probably lower than this figure. The
pre-scores obtained from both RCT project groups in 2007 for the NSE component of the test
instruments do hover just above or below 20% with a population/sample precision of ±2%.

There is some strong suggestive evidence in this table that, not only are the pre-scores for
LO1 within range of the NSE scores for the province, but that significant improvements were
obtained for these items, especially in the high coverage RCT project subgroup. It is
reasonable to assume that improvements of approximately the same magnitude would have
been obtained by the whole population of the three circuits, and would have been regarded as
‘socially’ significant if they had been obtained by the NSE itself.

238

A second form of benchmarking produces another perspective on social significance. It will
be recalled that the initial design used two subsamples; one in the urban area of Gauteng and
the other the rural Limpopo sample. This was frustrated in 2007 by the too-late approval from
a GDE district but the same test instruments were eventually administered in two urban exModel C Gauteng primary schools in Johannesburg in 2010.83
These schools are both highly ‘functional’ schools by any measure. School A, formerly
accommodated many learners whose parents worked for a nearby industrial concern and
received a great deal of support from it. The learners prior to 1994 were almost entirely from
white Afrikaans working class families, although very few currently remain and virtually all
of the learners are now black children from the former township of Alexandra. The school
retains many of its white staff members although around a third of the teachers are now
black. It is very well managed by an experienced principal. All of the learning materials,
books and other support equipment provided over the years by the department and other
sources are kept in regular use and SMT members exercise a high degree of systematic
curriculum management.

School B is a long-established formerly-English middle class suburban school that has
historically always produced excellent results. Around one half of the learners are now black,
coloured or Asian children who, like the white children, virtually all live in the suburb, or
nearby, and have been enrolled at the school since Grade 1. Again, around one third of the
teachers are black. The school is also very well managed, the many resources are kept in
regular use and there is a high degree of systematic curriculum management by SMT
members.

The chief difference between the schools is the historic and current socioeconomic status of
the families of the learners along with the different learner racial demographics. Obviously,
both are former-TED, rather than DET, schools and both could be reasonably expected to
produce much better outcomes in learner performance than rural and remote schools in
Limpopo. Very few of the contextual and other variables commonly advanced to explain poor
learner performance identified during the review in Chapter 3 can reasonably be applied to
these schools. Besides the fact that these are ‘historically advantaged’ schools, we recall from
83

These schools agreed to allow this testing on condition they not be publicly identified; my supervisor is aware
of the names concerned.
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the RCT sampling discussion that the NSE obtained a national mean for mathematics at
Grade 6 of 27.1% with the lowest mean of 19.4% from Limpopo and the lowest sub mean of
17.2% from rural schools in this province. On the other hand, the Gauteng mean of 33.8%
was the second highest provincial score.
There is no suggestion that the data that follows has anything like the ‘epistemic’ status of the
analysis of the RCT data or even of the replication study. Nonetheless, in the absence of
anything more rigorous, it does provide an indicative and illustrative reflection and
comparison of the performance of learners during the 2007 RCT against their compatriots in
well-established urban schools in Johannesburg on the same instruments in 2010.
Table 49: Benchmarking: Comparison of mean scores of high-coverage project RCT
subgroup with scores obtained by benchmark schools
Project subgroup
Grade 4
Pre
Post
Grade 6
Pre
Post
Both Grades
Pre
Post

mean
18.4
36.9
11.3
27.5
16.6
35.2

Comparison
School A
School B
Both schools
School A
School B
Both schools
School A
School B
Both schools

n
118
79
197
118
70
188
236
149
385

mean
31.3
62.4
43.8
21.2
48.8
31.5
26.2
56.0
37.8

Std. dev.
17.59
19.31
23.80
11.13
19.28
19.86
15.55
20.40
22.79

The project pre-score for both grades was -9.6% lower than that of School A but the post–test
score was +9.0% higher. Although School B obviously produces much better outcomes than
either the project group or comparison School A, the difference between the project group
and comparison School B narrows from -39.4% at pre-test to -20.8% by post-test, i.e. the
project school improved its performance against the benchmark schools by +18.6% in
percentage points. Combining the scores of the comparison schools, the 2007 project
subgroup obtained a post-score of 35.2%, only -2.6% lower than the comparison mean of
37.8%. (The corresponding figure for the whole project group irrespective of coverage is also
lower than might reasonably be expected at -6.5%.) These small differences are clearly
reflected in the distributions of learner scores across the score range categories we have used
above.

Proportion of group (%)
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Figure 34: Benchmarking: Comparison of distribution of learner scores by range
categories of the high coverage RCT project subgroup and the aggregated
comparison sample
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The enormous difference between the 2007 pre-score distribution of the project group and the
aggregated comparison distribution is radically narrowed by 2007 post testing to the point
that there are actually fewer project learners in the three lowest categories than there are in
the comparison schools. The mean difference is primarily due to the lower proportions of the
project group in the four highest categories, an artefact of relatively more high performing
learners in School B.

The mean of the scores for these two schools was obtained by using the total n of both of
them rather than taking a ‘mean of means’ in which the influence of the relatively small
group of very high performing learners in School B produces an average that is unrealistic in
terms of the range of schools ‘represented’ by these two schools. Calculating the mean from
the whole sample instead ‘weights’ the average more closely to the general population within
this range because of the higher numbers of low performing learners in School A.

In any case, a composite score made up of only two different groups of learners (schools)
provides an obviously questionable estimate of a range population, but it is true that the two
comparison schools are typical of their respective ‘types’ within all Johannesburg schools. As
former-TED schools, they belong to ‘types’ that have been historically better resourced,
managed and staffed by better qualified teachers, and have obtained better outcomes than the
vast majority of former-DET schools. If anything, both of them provide a comparison that is
prima facie likely to be unreasonable for the Limpopo rural and remote schools, all of which
are from former-homeland departments of education.

Proportion of learners (%)
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Figure 35: Benchmarking: Comparison of distribution of scores by range
categories in each comparison school and high coverage RCT project
subgroup
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The distribution of the project group now more generally lies between the distributions of the
comparison schools. It is clear that all of the difference between the composite comparison
score and that of the 2007 project group is due to the performance of learners in School B.

The distribution curve of School B is decidedly odd; once we disaggregate learner scores for
the two grade levels it becomes even more curious.

Proportion of sample (%)

Figure 36: Distribution of learner scores by grade: comparison school B
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The ‘bi-modal’ distributions (Fleisch, 2008) for both grades, in Grade 4 around categories V
and VII, and in Grade 6 around categories III and VI, are obvious. There are clearly two
subgroups of learners in School B with different levels of performance and these differences
produce the odd patterns in the distributions of the combined comparison school figures. It
follows that impact obtained in the RCT project group would be much closer to, and possibly
even exceed, the mean of the lower performing subgroup in School B.84

84

Here I hear Deaton whispering ‘data mining’ but I do think the comparisons make some kind of sense!
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To complete the benchmarking of the RCT data, Figure 37 focusses attention on the fact that
learner performance at Grade 4 level was much better than it was at Grade 6 level in all of the
different types of schools.

Figure 37: Comparison of RCT project subgroup and benchmark schools by
grade levels
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It is evident that mean scores for Grade 6 are consistently lower than they are for Grade 4.
Much of the research reviewed in Chapter 3 suggests that this difference is a cumulative
effect of a failure to cover the complete curriculum each year caused, in turn, by poor school
functionality. The consequence is that the gap between the intended and received curriculum
widens each year.

That argument, however, is unlikely to apply to either of the two comparison schools, both of
which are strongly functional schools in which the SMT exercises a real and demonstrable
degree of curriculum management. The only other plausible alternate explanation is that the
learning theory, and the associated methodological forms that underpin the routine
curriculum used in the comparison schools, is itself ineffective. In other words, the
performance of learners in state schools in general appears to be affected by a combination of
two variable factors: incomplete curriculum coverage and an ineffective set of
methodological forms. The implication is that improving school functionality and curriculum
management to the point where the whole curriculum is delivered each year will inevitably
produce higher learner scores but is not, in itself, sufficient to achieve and sustain high levels
of learner performance in mathematics.
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The final benchmarking exercise is between the 2010 comparison schools and the post-test 2
of the high coverage RCT project subgroup, also obtained in 2010. This subgroup was in
Grade 7 that year, while the comparison scores were taken at Grade 6 but, nonetheless, all of
these learners wrote the same (Grade 6) test. The comparison is still interesting in terms of
‘catching up’ by the project group on learners in schools that, as we have already noted, could
be reasonably expected to obtain higher scores than the subgroup.

Mean score (%)

Figure 38: Comparison of the high-coverage RCT project subgroup
post 2 score with the comparison schools: 2010
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These figures, though decidedly more indicative than definitive, support the general
conclusion of the previous benchmarking analysis. They suggest that the learners in the
project group have indeed made significant progress toward the performance levels obtained
in the comparison schools. Considered against School B, learners in this group were just
8.8% and one grade level behind ‘middle class’ children in an established former-Model C
school in Johannesburg. Considered against School A, they have exceeded by 19.6% the
performance of ‘working class’ learners and, by 9.3%, the combined score for both
comparison schools.
Conclusion

Whether considered as the rate of growth of the baseline score, as relative to the performance
of learners in the NSE data or against the Gauteng comparison schools, the evidence supports
the conclusion that the statistically significant impacts estimated by the RCT are also socially
and educationally significant.

244

CHAPTER THIRTEEN
CONCLUSIONS

Large-scale national and international comparative studies show that learners in South Africa
not only perform very poorly indeed on standardized achievement tests in mathematics but
that there was no significant improvement between 1999 and 2007. A consistent finding of all
of these studies is that around 80% of all South African learners are below the expected
minimum competency level for mathematics for the grade in which they are enrolled (see
Chapter 2).

The initial exploratory study of the PMRP confirmed both the very low levels of learner
performance in mathematics and the absence of any significant improvement after 1998. The
exploratory study also provided suggestive evidence that performance was, in fact, declining
across the national system over the 1998 to 2004 period. There is also evidence of a
significant decline in high performing schools of performance in matriculation mathematics
between 2008 and 2012.

The exploratory study suggested that the poor performance of learners in South African
primary schools is explained, in the most immediate sense, by the prevalence of premathematical counting methods using a virtually ‘base-one’ number system to ‘solve’ all
types of problems (see Chapter 5). Very few learners ever develop the ability to calculate, or
exhibit an understanding of place value and the behaviour of numbers, in a base-ten number
system. The result is that the great majority of learners across the primary school system
exhibit cripplingly severe conceptual, procedural and operational limitations in the solving of
even the simplest of mathematical problems.

The national prevalence of the types of methods learners use when attempting to solve
mathematical problems appears, in turn, to be explained by the prevalence on a national scale
of ineffective classroom practices that severely limit the opportunity to learn of children in
primary schools (see Chapter 6). The spread of these practices is explained by the theoretical
and methodological assumptions of the OBE curriculum expressed during the initial
explication of the new curriculum in 1998, and during teacher training provided thereafter
(see Chapter 7).
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These practices appeared to be based on the operational classroom-level application of
learner-centred theories of learning expressed through methodological forms that restrict the
role of the teacher to that of a ‘facilitator’ of learning. Content knowledge is generally not
regarded as something to be taught and learned but as something to be discovered by active
learners in collaborative groups. The result was a progressive decline in South African
primary schools of ‘teacher-centred’ forms that emphasize the direct instruction of content by
the teacher and categorized as ‘spoon feeding’. Memorization itself came to be seen as a
wholly negative practice condemned as ‘rote learning’, while repetitive and extensive
practice of newly learned knowledge was seen as ‘parroting’ when verbal and ‘busy work’
when written.

These practices have consequences in both conceptual and cognitive development that are
cumulative as learners pass from one grade level to the next and result, ultimately, in dismal
outcomes in the national matriculation examinations. The attained curriculum of the huge
majority of learners bears little resemblance to the curriculum intended by educational
planners.

A review of the existing literature showed that there is a multiplicity of explanations for poor
learner performance in South Africa (see Chapter 3). Some of these explanations rest on
structural and social variables like SES, race and language. Others focus on more specifically
educational factors like class size and teacher content knowledge. Some of these variables are
generic and systemic in character, like curriculum and assessment policy, and many are ‘subsets’ of others. Some refer to the macro systemic level, some to the meso community/school
level and others to the micro classroom level.
This complexity makes it next to impossible to design or ‘discover’ a causal model
encompassing all of the independent variables that seem to influence learner performance.
We are, therefore, necessarily forced to be selective in designing research programmes and
theoretical models that seek to establish reliable causal linkages between sets of independent
variables and learner performance.

Early econometric production function research showed that the achievement of virtually
universal access to schooling, particularly at primary level, along with high per capita
expenditure and more equitable provisioning in the form of physical and human inputs and
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resources, did not have the expected effect on learner performance for the great majority of
South African learners. These models instead showed that the effect of increased
provisioning was conditional on the efficiency with which inputs and resources were used.

This research has provided reliable evidence for the significance of a variety of influences on
learner performance: SES, race, language, urban/rural, province, previous department of
education of schools, and so on. However, while these models explained a degree of the
variance in performance between different groups of schools, they were unable to explain all
of this variance leaving a significant residual explanatory gap.

As a consequence, early production function research suggested that reliable indicators for
the abstract concept of Quality in relation to school, teacher and classroom levels are required
to resolve the problem of residual unexplained variance. More recent work has resulted in the
design of more sophisticated models which do include operationalized variables of this
nature. Among the most important are the content knowledge of teachers, time-on-task, the
degree and pacing of curriculum coverage and, at the micro level, the conceptual complexity
of the work with which learners are actively engaged during lessons. In particular, the
concept of Opportunity-to-Learn (OTL) has been developed as an important and very useful
research tool for organizing and defining indicators for these types of qualitative variables at
classroom level.

The current models developed through this work are clearly capable of explaining a much
higher degree of variance in performance between groups of high and low performing
schools, even in different countries, than earlier production function models that did not
include as sophisticated a set of indicators for the concept of quality.

Other current research, however, shows that the performance of learners in matriculation
mathematics is steadily worsening in those schools to which none of the characteristics of
low performing schools identified in these more sophisticated models apply. All of these
schools are atypical of the large majority of South African schools. In particular, all of them
consistently provide a much higher degree of effective school management and of curriculum
coverage at the correct grade complexity level and pacing, have experienced teachers with a
firm grasp of subject connect, more time-on-task, more material resources like text books
and, in general, provide a much higher level of OTL to their learners. They also
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accommodate learners with a relatively higher SES and social expectations who are less
likely to suffer from nutritional or health problems, who have parents with a higher level of
prior education and who have much more familiarity with English as the medium of
instruction from early schooling onwards. In other words, not only are they less affected by
structural and contextual conditions but they are using their inputs much more effectively
through efficient processes at school and classroom levels to achieve the best outputs in the
school system.

Current explanatory models, therefore, do explain very clearly why they consistently achieve
much higher levels of learner performance than the rest of the schools in the system. These
models, however, cannot account for the decline of performance of these schools even when
some of them are getting significant support external to the education department.

In short, the same set of independent variables operating in one set of schools but absent from
the other cannot explain both sets of performance data.

In this thesis I have argued that the current models essentially describe the necessary, but not
sufficient, conditions for the improvement of outcomes in mathematical education in primary
schools. For any curriculum, and the theory of learning upon which it is based, to have
intended effects, it must first be presented in full to learners by teachers who are capable of
doing so. But that does not necessarily imply that any curriculum or any theory of learning is
capable of achieving significant positive improvements in learner performance.

I have characterized the combination of qualitative variables used in current models as
referring to the broad and generic concept of ‘educational functionality’, defined as the
capacity of a school/teacher to deliver effectively the whole of the intended curriculum to all
learners each year. Low levels of functionality produce poorer learner results, high levels the
opposite.

This thesis is based on the argument that there are independent variable factors that are
affecting the performance of all schools but which are not included in current explanatory
models. These variable factors are affecting both high and low performing schools and are
tending to depress performance in both cases. In high performing schools, their comparative
or relative effect is masked by the high educational efficiency of these schools
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(‘functionality’) and, in low performing schools, structural conditions are either so bad, or
inefficiencies are so severe, that it does not appear necessary to consider other explanations.
It is very likely that these ‘missing’ independent variables will account for the ‘residuals’ in
current production function explanatory models when considering variances in performance
between high and low performing schools. They will also be able to account for the apparent
trend toward convergence in achievement levels between these types of schools in the form
of declining learner performance in schools with high levels of educational functionality.

Fleisch, Taylor and Muller have all suggested that methodological forms, and the theories of
knowledge and of learning upon which they are based, are central to educational explanations
for learner performance. Much of the literature I have reviewed, and the national curriculum
itself, shares this view (albeit to varying extents). Whether broadly supportive or critical of
learner-centred methodological forms, there is an explicit acceptance of the distinction
between learner-centred and teacher-centred education, and an acceptance that both C2005
and the NCS have been based on OBE and, specifically, on learner-centred schooling.

On the other hand, while Carnoy, Reeves and Hoadley all agree that what goes on in
classrooms is of critical importance to understanding and explaining learner performance,
they do not see the distinction between learner-centred and teacher-centred methodological
forms as useful to this investigative process. Instead, Carnoy suggests that it is the efficiency
with which learner-centred methodologies, good in themselves, are applied that makes a
difference, while Reeves and Hoadley conclude that curriculum coverage, cognitive demand
and pacing provided by teachers outweigh the effects of learner-centred or teacher-centred
pedagogy.

We, therefore, appear to have an unresolved issue in South African educational research. Do
methodological forms, of whatever approach, matter to the improvement of learner
performance?

This thesis provides empirical evidence about the relationship of a set of specific
methodological forms and learner achievement in mathematics and, especially when placed
in the context of the findings of the exploratory study, resolves the apparent conflict in the
literature. It supports the proposition that some methodological forms, and their
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consequences, are indeed actively inimical to the learning of the fundamental concepts and
competencies of mathematics by young learners in primary schools. This is because they
actively militate against the achievement of the OTL factors identified by Carnoy, Reeves
and Hoadley, particularly the engagement of learners at high levels of cognitive demand.

They argue that OTL is essential to efficient learning and I agree that the concept and
associated indicators is a powerful and innovative tool for research into quality in classrooms.

The argument of this thesis is that two closely related variables are the qualitative metavariables that are depressing the performance of all learners across the state system whether
they are in functional or dysfunctional schools and irrespective of the degree of curriculum
coverage or time-on-task achieved.

The first of these variables, or more correctly, cluster of variables, is defined by the set of
preferred methodological forms typically used in primary school classrooms. Learner-centred
methodological forms have failed to result in the learning of fundamental mathematics. The
consequence is that learners do not actually learn the competencies and skills specified in the
NCS but are virtually automatically progressed to the next grade.

This, in turn, makes it ever more difficult for teachers in each succeeding grade to both teach
to and assess at the competency levels specified by the curriculum. The second variable,
assessment practice, is a consequence of the first. Unable economically or socially to ‘fail’
80% of learners each year, the school system is now effectively based on age-based, rather
than competency-based, cohorts. The spread on a national level of the school system,
including the higher performing schools, of what are effectively multigrade classes in terms
of learner competencies, has had severe consequences for both teachers and learners.

In terms of learning theory, evidence for the greater effectiveness of direct and guided
instruction in the teaching and learning of new mathematical knowledge to young children is
explained in the context of our current knowledge of human neurocognitive architecture, of
expert–novice differences, and of cognitive load. ‘Discovery’ and ‘active’ methodological
forms typical of learner-centred education tend to overwhelm the short-term memory (shortterm processing capacity) of learners and inhibit the transfer of any information to long-term
memory (learning). This conclusion is supported by international research findings showing
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that direct instruction and memorization of number facts enables learners to find solutions to
problems more quickly and accurately than ‘discovery’ methods (see Chapter 8).

The research hypothesis developed on the basis of the exploratory study and of a review of
the literature, presents the proposition that a model of teacher-centred education, based on the
implications of neurocognitive science, will result in significant improvements in learner
performance when compared to learner-centred approaches based on restricted or minimal
teacher guidance.

This model itself consists of;


The direct instruction of content by teachers;



Recognition of the importance of short and long term memory, and of the operational
relationships between them;



Regular and extensive opportunities to practice newly learned content.

Two main ‘boundary conditions’ beyond which this proposition may begin to lose its
empirical predictive power were identified.


It applies specifically to the learning of novel information by young learners in primary
schools. While failure at this level directly influences, even conditions, outcomes at
secondary level, teacher-centred methodological forms may become less effective for
older learners, especially if they have already mastered the fundamental skills and
competencies of mathematics. A corollary is that it may become progressively less valid
as newly learned information is cumulatively and sufficiently assimilated into long-term
memory to provide ‘internal guidance’ to problem solving.



In an effectively multigrade system an excessively high cognitive load is placed on
learners by presenting them with content and competencies that may be several grade
levels above their existing competency level. Therefore, the proposition is most likely to
result in improved performance if learners are initially exposed to content at or near their
actual, rather than presumed, level of cognitive and conceptual capacity.

The proposition was operationalized in the form of a programme of instruction consisting of
teacher and learner materials for a period of 14 weeks with 70 lessons for Grades 3, 4, 5 and
6. The emphasis was placed strongly on the ‘teacher teaching’ and the ‘learner learning’.
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The programme dealt with the fundamental conceptual and procedural competencies of
mathematics described by the Assessment Standards (AS) of the NCS for the then-Learning
Outcome One (LO1): Numbers Operations and Relationships. It dealt with the content for
Grades 3 to 6 because Intermediate Phase (Grades 4 to 6) represents the crucial
neurocognitive and conceptual developmental link/interface between fundamental numeracy
at Foundation Phase (Grades 1 to 3) and more advanced mathematical education from Senior
Phase (Grades 7 to 9) onwards. By the end of Foundation Phase, learners should have
mastered basic computational methods and have discarded simplistic pre-mathematical
counting.

Each learner workbook provided content based on the AS for all levels from Grades 3 to 6
and the programme provided a diagnostic and continuous assessment system that was
intended to allow learners to work with and progressively acquire the skills and content they
had missed in previous grades, irrespective of the grade in which they were currently
enrolled.

Each teacher manual provided largely scripted lessons and was keyed to the different weeks
and days of the exercises in the learner workbook. Since a teacher cannot present lessons at
four different levels of learner competence during each lesson, he/she presented direct
instruction in and explicated a specific skill, competence or operational procedure. Learners
were subsequently referred to the section of the workbooks that allowed them to practice this
skill or procedure at their own level of competence.

The learner workbooks were designed for use by each learner for all of the three years/grade
levels in Intermediate Phase. A learner entering the programme in Grade 4 receives a
workbook only once which he/she retains for this period. This provides both teacher and
learner with a complete three year competency based record of performance in basic
mathematics, including teachers at Grade 6 and even higher. The per capita cost for
workbook supply in 2010 was R84; if learners actually do keep the workbook useable
between Grade 4 and 6, the per capita cost of materials supply falls to R24 p.a.

To test the operationalized research hypothesis, and to provide information about the
effectiveness of theoretical mechanisms in context, rather than about the effect of a specific
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intervention programme or project, use was made of a comprehensive four stage research
programme.

Chapter 9 reports the outcome of an experimental randomized controlled trial (RCT) in which
we held all ‘efficiency’ and ‘functionality’ variables constant across the research population
by randomly selecting two groups of 20 schools each from a relatively homogenous
population in the rural circuits of Vhembe District in North East Limpopo. The treatment
programme was introduced to schools in the project group in mid-2007 and completed by the
end of that year.

The RCT obtained statistically significant estimations of treatment effect and resulted in a
range of predicted impact for replication of the intervention in a similar environment of
between 11% and 16% in percentage points, or between 56% and 91% in the size of the
increase of baseline scores. Achievement toward either end of the scale is dependent on the
degree of coverage achieved. In terms of statistical significance, linear regression showed that
membership of the project group had a strong relationship with learner scores: F(1, 2334) =
1,295.4, p<0.05 and t = 35.99. The coefficient is 15.9 with an R² indicating that the model
accounts for 36% of the variance in gains in pre- to post-scores.

However, there are inherent problems with a RCT, chiefly with regard to the generalizability
of findings of treatment effect to another population under different conditions. Most
damaging, from a policy point of view, is that a rigorously conducted RCT may yield reliable
evidence of effect under relatively ideal conditions that cannot be reproduced during
replication at scale within the routine system.

Part of this problem is caused by the familiar Hawthorne Effect in which improved outcomes
during a RCT are obtained through changes in teacher behaviour that improve school and
teacher ‘functionality’ but which are occasioned primarily by high levels of consistent
interaction with field researchers. There is suggestive evidence that this effect, rather than the
inherent validity of the change mechanisms embedded in a specific treatment, may account
for much of the impact obtained in current evaluation research. Once the influence of external
field researchers is removed, and schools/teachers return to the routine system with very
much lower levels of interaction, monitoring and support, behavioural changes due to
Hawthorne Effects tend to dissipate and learner scores begin to tend back towards baseline.
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The high degree of complexity and interaction between variable influences on behaviour and
outcomes within any social system make it very difficult indeed to disentangle model and
Hawthorne Effects with any confidence.

The most reliable method available is to start by investigating whether estimations of
performance obtained during a RCT are sustained, or whether they tend downwards after
withdrawal, by administering a second post-test well after treatment. Then we need to ask
whether the RCT estimations of effect do, in fact, provide accurate predictions of impact for
replications of the model at larger scales and under routine conditions of schooling.

Chapter 10 reports the results of the first part of this investigation. A second post-test was
administered to the project and control groups of the 2007 RCT cohort three years after
withdrawal when they reached Grade 7 in 2010. This cohort was tested on the Grade 4
standardized instrument in 2007 and the Grade 6 standardized instrument in 2010, ideal since
the whole cohort should have covered the Grade 6 curriculum by the time they reached Grade
7. During the 2007 to 2010 period, teachers and learners in the project group had no contact
or interaction with field researchers and operated under the same routine conditions as those
in the control group.

The test showed that learners in the control group obtained a mean score lower than that
obtained by the project group three years previously after only one 14 week exposure to the
treatment. Although the strength of the relationship declined over such a long period,
membership of the project group in 2007 after post2 testing in 2010 still obtained a
significant relationship with learner scores though it was not as strong as it was at post1 test
three years previously: F (1, 902) = 52.92, p<0.05 with t = 7.27.

The conclusion is that the mean score of the project group did not tend back towards baseline,
and that the difference in performance between the two groups was sustained for a long
period after the withdrawal of external influences on behaviour. Therefore, intervention effect
obtained during the RCT was largely due to the mechanisms embedded in the treatment itself
and cannot be simply explained by Hawthorne Effects caused by field researchers in 2007.

Chapter 11 reports the second part of the investigation into the reliability of the RCT in the
form of the third study within the PMRP. This consisted of a larger scale, non-experimental,
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whole population replication study in the same district between 2010 and 2012 in 125
schools, 40 of which had participated in either the project or control group of the 2007 RCT.
The objective of this study was to enhance the investigation of the ‘external validity’ of the
findings of the RCT by measuring and understanding the effectiveness of the intervention
model in improving learner performance under routine conditions of schooling without any
significant support from field researchers. The intervention treatment in the form of a supply
of diagnostic tests, teacher and learner materials, and a half-day training session on their
operational use, was introduced to schools in mid-2010. After introduction, operational
management of the programme was handed over to the department itself and field researchers
had no further interaction with schools and teachers besides two monitoring visits and annual
learner testing.

The replication study found that the impact on learner performance obtained under these
conditions was almost exactly in the middle of the range predicted by the RCT, providing
powerful support to the findings of both studies.

The replication study provided evidence that the mechanisms used by the model had begun to
spread in the study area before its initiation, partly as a result of the ‘leakage’ of the
methodological forms of the programme itself, and partly as an effect of other departmental
initiatives, especially the National Foundations for Learning Campaign and the Common
Work Programmes of the District. These programmes, to one degree or the other, all used
essentially similar mechanisms as the PMRP, and their mutually-reinforcing conceptual
integration was strongly influenced by the appointment of a Circuit Manager who had
participated in the RCT as the District GET Mathematics Coordinator in the period between
the two studies.

Most significantly from a theory building point of view, the replication study found that there
was no uniformity or consistency in the operational application of the PMRP programme
itself as a sequential and paced course of instruction, or even in the degree to which the whole
programme of instruction was completed. Shortages of learner workbooks, the operational
demands and content sequences of the departmental programmes and a failure to establish a
functioning locally-based internal management and quality support system, meant that the
PMRP programme was, instead, widely used as a generic support to the achievement of the
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objectives of all of the programmes. The one critical distinguishing factor which applied to
all 125 schools was the application of the PMRP diagnostic test to direct learners initially to
the appropriate level of cognitive and conceptual capacity.
There is no doubt, in the view of the researchers, that the ‘leakage’, ‘influence’ and
‘integration’ issues that are raised in the discussion of the replication study have contributed
to a widespread diffusion of the key theory-based mechanisms embedded and operationalized
in the programme materials. Virtually universal anecdotal and qualitative evidence, however
unsystematic and unquantified consistently indicated that teachers accepted that these
mechanisms were no longer ‘forbidden’ and that their use was not only permissible but
encouraged.

Does this mean that standardized materials with scripted lessons and learner workbooks,
along with consistent monitoring, management and support are irrelevant if the ‘correct’
teacher-centred methodologies are applied by teachers in classrooms? The outcomes of the
PMRP research programme appear to suggest that this may, in fact, be the case. Whether high
levels of intervention programme coverage and qualitative input are achieved (the 2007 RCT)
or not (the 2010 – 2012 replication), seems to have had very little influence on the magnitude
of the eventual mean effect obtained under both conditions.

The necessary conclusion is that it is the increasingly common use of the theoretically-based
mechanisms operationalized by the programme, rather than the programme itself, that are the
cause of the improvements in learner performance obtained during both the 2007 RCT and
the 2010-2012 replication study.

However, it should be remembered that the 2007 RCT was conducted in an environment in
which the use of OBE methods was virtually universal and the use of the mechanisms of the
programme perceived to be ‘forbidden’ to one extent or the other. Consider then that the
replication study was conducted in an environment in which the use of these mechanisms was
becoming more ‘acceptable’. Consequently, it is clear that the same estimations of effect
obtained by the two studies were obtained under different conditions. The lower levels of
programme coverage and qualitative delivery in the replication study were compensated for
by the already more wide-spread acceptance of the legitimacy of the mechanisms of the
programme and the result was the similar magnitude in gain scores in both studies.

256

Therefore, the evidence of the replication study is that the effectiveness of the mechanisms
operationalized in the PMRP intervention programme is not, in fact, dependent on a specific
programme iteration. Nonetheless, as the RCT subgroup analysis shows, their effectiveness in
achieving a higher degree of improvement is strongly influenced by the degree to which an
organized course of instruction based on these mechanisms is presented and completed.

All of the evidence that I have presented supports the argument that these mechanisms are
very much more effective in improving the performance of learners than a grade-specific
instructional programme based on OBE learner-centred theories of minimal teacher guidance,
the rejection of memorization and the promotion of discovery learning.

Chapter 12 concludes the thesis with a discussion of the social and educational significance
of obtained intervention effects though a set of indicative and descriptive comparisons against
the PMRP project group. Whether considered as the internal rate of growth of the baseline
score, as relative to the performance of learners in the NSE data or against two historically
higher performing comparison urban schools in Johannesburg with high levels of educational
functionality, the evidence is consistent.

This discussion suggests that the statistically significant impacts obtained during the PMRP
between 2007 and 2012 are also socially and educationally meaningful. In short, the
performance of learners in remote rural schools in NE Limpopo, all black, improved rapidly
relative to their counterparts of all races in urban, formerly-White schools. The suggestion is
that equity of outcomes in mathematics, at least in primary schools, may not be as distant a
goal as it may currently appear.

This thesis has shown that methodological forms used by teachers in classrooms do matter to
the improvement of learner performance in primary schools and, consequently, suggests a
resolution to an apparent divergence in the South African literature. In doing so, it suggests
that it is likely that the inclusion of indicators based on the use and outcomes of these forms
will account for much of the residual unexplained variance in performance in production
function research.
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This thesis is also a contribution to the growing international literature about the implications
of the findings of neurocognitive science for the education of young children in mathematics
in primary schools.

Finally, the multi-stage, mixed methods research design of the PMRP provides a contribution
to the international literature about doing sociological research that is both scientifically
rigorous and socially useful. The combination of an initial exploratory study, a randomized
controlled trial and a replication study, along with research into the potential influence of
Hawthorne Effect as an explanation for apparent treatment effect, provides a complete ‘suite’
of methods to establish the relationship between theory, evidence and social context.
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APPENDIX ONE: RESEARCH STUDIES COMPLETED BY ESA BETWEEN 1997 AND 2012

Location

Year

E. Cape
E. Cape
Gauteng
G_KZN_WC
Mpumalanga
Gauteng
E. Cape
E. Cape
Mpumalanga
North West
E. Cape
G_KZN_WC
E. Cape
National
G_KZN_WC
Limpopo
National
E. Cape
National
G_KZN_WC_EC
L_KZN_EC_NC
National
National
G_KZN_WC_EC
MP_KZN_NW_WC

1997
1997
1998
1998
1998
1998
1999
1999
1999
1999
1999
2000
2000
2000
2001
2001
2001
2001
2002
2002
2003
2003
2004
2004
2005

Type
Pre
Baseline
Single
Baseline
Baseline
Analysis
Post
Post
Post
Single
Baseline
Mid
Mid
Baseline
Post
Single
Mid I
Post
Mid II
Baseline
Single
Mid III
Post
Mid
Baseline

Schools
20
11
4
20
18
8

39
49

90
16

54
71

24

School
SMT
Teacher
Lesson
Learner
Learners
Grades
Visits interviews Interviews Observations Workbooks Tested
20
20
40
40
2058
5_7
11
11
22
22
644
3_11
96
16
96
96
180
5_7
20
20
40
40
1439
4_7
18
18
46
46
810
4_6
8
8
8
8
900
5_11
20
20
36
36
2021
5_7
11
11
21
21
644
3_11
18
18
47
47
787
4_6
39
39
54
54
1165
4_10
49
20
51
51
826
4_7
18
18
36
36
1193
4_7
48
20
58
58
1694
4_7
90
89
184
184
6732
3_7
19
19
38
38
1188
4_7
16
12
24
24
800
3_7
90
89
163
163
5981
3_7
49
49
57
57
1748
4_7
89
89
161
161
3824
3_7
54
54
108
108
3948
5_7
71
71
137
137
1_7
89
85
158
158
4056
3_7
89
80
152
152
2678
3_7
56
50
98
98
2753
5_7
24
24
48
48
1791
3_5
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Location

Year Type

MP_KZN_NW_WC
Limpopo
Limpopo
National
Gauteng
National
Limpopo
Gauteng
W. Cape
W. Cape
L_KZN_G_WC
Limpopo
Limpopo
L_KZN_G_WC
Limpopo
L_KZN_G_WC
Gauteng
Gauteng
Gauteng

2007
2007
2007
2008
2008
2009
2009
2009
2009
2010
2010
2010
2011
2011
2012
2012
2012
2011
2012

Post
Baseline
Post
Data collection
Data collection
Data collection
Analysis
Data collection
Data collection
Data collection
Pre
Baseline
Mid
Mid
Post
Post
Baseline
Baseline
Post

Schools
40
263
43
8
64
53
124

233
5
1257

School
SMT
Teacher
Lesson Learner
Learners
Grades
Visits interviews Interviews Observations Workbooks
Tested
24
23
44
44
1219
3_5
40
40
80
80
3424
4_6
40
40
80
80
856
3032
4
263
263
630
652
652
4
43
84
200
200
1_12
263
263
635
661
661
4
8
178
4_6
43
84
194
194
1_12
64
128
256
256
256
1_5
64
128
256
256
256
1_5
53
25
50
50
941
3_10
124
124
248
248
6080
4_6
124
4607
4_6
53
25
50
50
356
3_10
124
2744
4_6
53
25
50
50
316
3_10
233
231
411
453
688
3
5
5
10
10
30
500
10
5
5
9
8
30
410
10
2738
2443
5086
5175
5042
72054
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APPENDIX TWO
EXPLORATORY STUDY: TEST INSTRUMENT USED TO COLLECT DATA
ANALYZED DURING THE EXPLORATORY STUDY
1. Do the following sums :
5+4
13 + 4 +1
17 + 6 + 7
31 + 162
9-2–3
27 – 9
86 – 69
950 – 450
7x4
24 x 2
17 x 6
54 x 9
93
36  4
210  3
2. Do the following sums
1 8 5
1 7 4
=
+
5 2
-

9
7

x


1

7
9

9
4

6
7

=

8
1

1
7

=

4 2
2

0
0

9
16
22
193
6
18
25
450
24
36
92
486
1
9
17

=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

8
17
28
203
7
17
19
550
28
12
112
476
3
10
70

6
19
30
183
4
19
22
500
32
48
104
504
2
8
7

10
18
34
171
5
15
17
400
26
26
102
482
4
7
80

431

411

419

401

2 753

2 751

1 849

1 753

1 167

1 227

1 377

1 277

74

71

72

76

=

3. How many dots can you see in the picture?

4. Write the name of each shape in the space below it

5. What fraction (½ or ¾ or ¼) of each circle has been coloured black?

261
6. Write one of the symbols  or  or  in the empty boxes. The first one has been done for you.
1+1
3-1
=
2+3
6-2
6+4
7+7
8+3
7+3
7. Round off the following numbers to the nearest 100. The first one has been done for you.
101
rounds off to
100
380
rounds off to
3 599
rounds off to
6 905
rounds off to
8. Convert these measures. The first one has been done for you.
11 mm
1 cm
1 mm
=
530 cm
m
cm
=
1 285 m
km
m
=
2 m 6 mm
mm
=
9. Change these decimal fractions into common fractions. The first one has been done for you.
1
,2
=
5
,25
=
,5
=
,75
=
10. Complete the following sequences. The first one has been done for you.
1

2

3

4

5

3

6

9

__

__

9

20

31

__

__

11. Solve these word sums. The first one has been done for you.
Sipho buys 1 apple. Themba buys 2 apples. How many apples do they have all together?
3 apples
There are 24 hours in 1 day. How many hours are there in 2 days?
hours
There are 950 children in our school. 450 are girls. How many boys are there?
boys
I have 210 stones in three bags. There are equal numbers of stones in each bag. How many
stones
stones are there in each bag?
There are 200 boxes with 5 bottles in each box, and 100 boxes with 10 bottles in each box.
bottles
How many bottles are there altogether?
12. The table tells you about Sipho, Linda, Thandi and Themba. Use it to answer the questions
below. Write your answers next to each question. The first one has been done for you.
SIPHO
LINDA
THANDI
THEMBA
boy
girl
girl
boy
Sex
12 years
9 years
11 years
10 years
Age
35 kilograms
20 kilograms
29 kilograms
26 kilograms
Weight
How old is Themba?
Who is the oldest girl?
How much does the youngest boy weigh?
Who is 9 years old?
How old is the child who weighs 26 kilograms?
Who is older than Linda and weighs less than Thandi?

10 years
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APPENDIX THREE
EXPLORATORY STUDY: EXAMPLE OF THE ‘GENERIC’ SECTION OF SCHEDULES
USED DURING LESSON OBSERVATIONS
Subject/Learning Area: __________________________________________________________
Grade: ___________ Enrolled class size: ______________ Actual class size: _______________
Yes

Some

No

Is the work of the pupils displayed?
Is there evidence of teacher-made materials?
Describe teacher materials: ________________________________________________________
Lesson preparation & presentation

Excellent

Good

Average

Inadequate

Does the lesson have a specific objective?
Does the teacher appear to be fully prepared?
Does the lesson have a logical structure&
process?
Is the lesson methodology appropriate to the
topic?
Pupils’ understanding of content
Does the teacher try to assess the pupils’
conceptual understanding of the lesson topic?
Learner involvement
Lesson conclusion
Listening

Speaking

Reading

Writing

Activity

Estimate the amount of time
(% of lesson) learners spend:
Describe activity: _______________________________________________________________
Part of the
whole class

Part of a
group

Pairs

Individuals

Estimate the amount of time
(% of lesson) pupils spend working as:
Comment: _____________________________________________________________________
Yes
Did pupils ask any questions?

No

Poor
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If Yes, what type of questions did they ask?:
Lesson Content

Lesson Methods

Permission

Types of teacher-initiated learning interactions.
Type
Verbal instruction - explanation
of method
Verbal instruction - explanation
of content
Instructs pupils to chorus
responses
Reads from text book or other
non-fiction material
Reads from class readers or
other fiction material

Code

Works primarily off chalkboard

Types of Teacher Questions

Yes

Type

Code

VM

Opinion

O

VC

Judgement

J

CR

Prediction

P

RNF

Explanation

E

RF

Summarize

S

CB

Factual

F

GW

Recall

R

AA

Comprehension

C

D

Sequence

SE

P

Rote repeating

R

R

Observation

OB

RE

Calculation

CA

WS

Identify

I

TA

Describe

DE

QA

Classify

CL

Other

Estimate

ES

Other

Other

Teacher circulates from group
to group during group work
Asks pupils to do an applied
activity
Starts a discussion or debate
Asks pupils to start or continue
a project
Make reports on group or
individual work
Pupils do original research
Pupils complete prepared
worksheets or exercises
Uses Teaching Aids of some
sort, e.g. flash cards, games
Question & Answer

Very Good

Good

Average

Poor

Yes

Very Poor

Estimate overall
quality of lesson
Are XYZ materials used in the lesson?: Yes

No

If Yes, what sort of materials?: _____________________________________________________
Does the lesson use XYX skills/methodology but not XYZ materials? Yes

No

If Yes: Describe: ________________________________________________________________
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APPENDIX FOUR
TEST INSTRUMENTS USED FOR THE RCT AND FOR THE REPLICATION STUDY
Items in Part One are from the National Systemic Evaluation Grade 3 instrument and are
reproduced with the kind permission of the National Department of Education
GRADE 4
PART ONE

1.

Children stack tins as shown above.
How many tins have they stacked?:

2.

___________ tins

One ball costs R35,00
How much will 5 balls cost?

R __________

3.

There are 75 learners in this bus. 34 learners are boys.
How many learners are girls?

4.

___________ girls

1

2

3

4

5

6

11

12

13

14

15

16

21

22

23

24

25

26

Look at the number pattern above. What is the number of the black block?
Draw a circle around the letter below which shows the correct answer

5.

A.

27

B.

35

C.

36

D.

47

Write the missing number in the box below :

3645 = 3000 +

+ 40 + 5
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6.

7.

Colour in three-quarters

3
 
4

Complete this sum :

(4  10)  7 
8.

of this figure.

________________

You have collected the money below. How much money do you have in total?
R

5c

+

5c

+

R10

+

R10

+

R10

=

R5

+

R5

+

R5

=

R2

+

R2

+

R2

+

R2

+

R2

=

5c

+

5c

+

5c

+

5c

+

5c

=
=

Total
9. Mary has 64 potatoes. She fills 6 pockets with 10 potatoes in each pocket.
How many potatoes are left?

__________________ potatoes

10. The graph below shows the heights of all the players in a netball team..

The height of netball players in one team

Height in metres

1,8
1,6
1,4
1,2
1,0
0,8
0,6
0,4
0,2
0,0
Sue Pat

Neo Lu
Ki
Nto
Suzi
m
Names of players

10.1. Look at the graph.
What is the name of the tallest player?
10.2. Look at the graph. Draw a circle around the letter with the correct answer.

Zo

C
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The height of Lu is
A.

more than 1,5 metres.

B.

between 1,3 metres and 1,5 metres

C.

between 1,1 metres and 1,3 metres

D.

less than 1,1 metres.

10.3. Look at the graph.
how many players are in this netball team?
PART TWO
11. Write the correct answer next to each question.
5+4
=
131 + 162
=
18 + 24
=
17 + 6 + 7
=
185
174
=
+ 52
12. Write the correct answer next to each question.
9–2
=
950 - 450
=
86 – 69
=
27 – 9
=
979
- 794
=
13. Write the correct answer next to each question.
24 x 2
=
54 x 9
=
7x4
=
17 x 6
=
86
x 7
=
14. Write the correct answer next to each question.
=
36  4
=
99  9
=
93
=
56  7
=
72  8
PART THREE
15. How many dots can you see? Write your answer in the empty box.
+

=

Players
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16. What fraction of each circle has been coloured black? Write your answers in the empty boxes
below each picture.

17. Round off the following numbers to the nearest 10. The first question has been done for you.
Example

109

rounds off to

6

rounds off to

57

rounds off to

43

rounds off to

110

18. Complete the following sequences. The first question has been done for you.
Example

1

2

3

4

5

6

2

4

6

__

__

__

15

12

9

__

__

__

150

170

190

__

__

__

225

200

175

__

__

__

PART FOUR
19. Write the answers to these word sums in the empty box next to each question. The first question
has been done for you.
Example
Sipho buys 1 apple. Themba buys 2 apples. How many apples do they have all together?
Sipho has 5 books. Themba has 4 books. How many books do they have all together?
There are 131 girls and 162 boys in our school. How many learners are there altogether?
Sipho buys 9 books. He gives 2 to Themba. How many books does Sipho keep?
There are 950 children in our school. 450 are girls. How many boys are there?
There are 24 hours in 1 day. How many hours are there in 2 days?
There are 9 classes in our school. Each class has 54 learners. How many learners are there in our
school altogether?
There are 36 learners in my class. The teacher puts them into 4 groups with the same number of
learners in each group. How many learners are there in each group?
Father has 99 cows. He puts them into 9 groups with the same number of cows in each group.
How many cows are there in each group?

3 apples
books
learners
books
boys
hours
learners
learners
cows
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GRADE 6

Items in Part One are from the previous version of the National Systemic Evaluation Grade 6
instrument and are used with the kind permission of the National Department of Education.
PART ONE
1.

2.

3.

3,6 has the same value as:
A.
3½
B.
33/5
C.
31/6
D.
3¼
Look at the numbers in the box below:
51
1
11
33
7
57
31
121
19
Choose the list with prime numbers only:
A.
1; 7; 19; 31
B.
11; 19; 33; 121
C.
7; 11; 19; 31
D.
11; 33; 57; 121
Mary has R100 and buys the following items for her birthday party:
Item
Price
Cake
R15
Sweets
R10
Cold drinks
R50
Simba chips
R20
How much change does she get?

4.

5.

_____________

Two people completed a job in 12 days. How long will it take 6 people to complete the same
job? (They all work at the same rate.)
A 4 days
B 3 days
C 2 days
D 1 day
What is the seventh number in the sequence 7; 14; 21; 28; … ? Chose one number from the
list below.

A:29
B 35
C 49
D 70
6.

7.

Katlego thinks of a number, multiplies it by 6 and gets 54. What is the number?
A6
B9
C 48
D 60
Use the following information to answer the question below:

Marks obtained by learners in a
class test
Phillip
Donald
Maria
Dineo
Thabiso

23
35
37
10
15
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What is the average mark of these learners?
A 23
B 24
C 37
D 120
8.
Write the following number in expanded notation: 98 547 =
_____________________________
9.
Look at the following table of Roman numbers:
D
L
C
50
100
500
What does MMDCIX represent in our number system?
A 1 509
B 2 609
C 2 611
D 2 710
10.
Consider the figure below:

M
1000

Express the ratio of the shaded to non-shaded areas as a fraction: _____________
Complete the following:
315 + …………………… > 437
12.
Write the following number in words: 12 006
___________________________________________
13.
Say whether the following numbers form a sequence:
8; 4; 2; 1; ½; ¼; 1/8.
11.

A Yes
14.

B No

What is the product of 105 and 25?
A 105
B 565
C 1 025
D 2 625
15.
Sipho works at a petrol station. He earns R160 a week. If he receives a pay increase
of 20%, how much will he earn after the increase?
A R176
B R186
C R192
D R202
16.
Doctor Mololo drives 50 km to the hospital. For every 10 km that he travels, his car
needs 1,5 litres of petrol. How many litres of petrol does he have to put into his car to get to
the hospital and back? Show all your calculations:
PART TWO
17. Write the correct answer next to each question.
87 + 13
=
131 + 162
=
573 + 648
=
1 357 + 9 879
=
8 185
3 174
=
+ 52
18. Write the correct answer next to each question.
69 - 47
=
753 - 98
=
856 - 698
=
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3 978 – 1 086
=
9 796
- 7 947
=
19. Write the correct answer next to each question.
67 x 5
=
49 x 8
=
86 x 69
=
856 x 45
=
8 681
x 37
=
20. Write the correct answer next to each question.
=
69  3
=
72  9
=
86  43
=
944  16
=
7 904  32
PART THREE
21. Write the correct answer next to each question
36 + 75 =
300 + 398 =
527 + 394 =
2 216 + 2 681 =
3 795 + 4 574 =
95 - 78 =
758 - 527 =
962 – 799 =
4 578 – 3 407 =
6 976 – 3 898 =
5 x 15 =
24 x 6 =
13 x 13 =
23 x 15 =
256 x 15 =
12 ÷ 4 =
27 ÷ 9 =
153 ÷ 3 =
123 ÷ 3 =
120 ÷ 30 =
PART FOUR
22. Write the answers to these word sums in the empty box next to each question.
Example
Sipho buys 1 apple. Themba buys 2 apples. How many apples do they have all together?
Sipho has 87 books. Themba has 13 books. How many books do they have all together?
There are 131 girls and 162 boys in our school. How many learners are there altogether?
Sipho buys 69 books. He gives 47 to Themba. How many books does Sipho keep?
There are 753 children in our school. 98 are girls. How many boys are there?
There are 67 stones in 1 bag. How many stones are there in 5 bags?
There are 49 houses in our village. Each house has 8 chickens. How many chickens are
there in our village altogether?
There are 69 learners in my class. The teacher puts them into 3 groups with the same
number of learners in each group. How many learners are there in each group?
Father has 72 cows. He puts them into 9 groups with the same number of cows in each
group. How many cows are there in each group?

3 apples
books
learners
books
boys
stones
chickens
learners
cows
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PART FIVE
23. Write one of the symbols  or  or  in the empty boxes. The first question has been done
for you.
Example
1+1
=
3-1
29 + 16
35 - 9
76 + 54
43 + 87
357 - 59
47 + 301
24. What percentage (%) of each circle has been coloured black? Write the answers in the boxes
Below the circles.

25. Round off the following numbers to the nearest 1 000.
Example
1 985
rounds off to
2 000
4 380
rounds off to
3 551
rounds off to
6 949
rounds off to
26. Change these decimal fractions into common fractions. The first question has been done for you
Example
,25
=
¼
,2
=
,33
=
,75
=
27. Complete the following sequences.
19
30
41
7 625 7 600 7 575
3 682 3 611 3 540
28. Write the answers in the box next to each question.
3
2
=
8
8
2
5

+

1
5

=

7
3
+
=
12
12
29. Draw a circle around the fractions below that are equal to ⅔
2
5
4
10
12
6
7
6
16
18
30. List the factors of the following numbers.
9
16
38
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APPENDIX FIVE
EXAMPLES OF SMT REPORTING
The first example, submitted towards the end of the 2010-2012 replication study, comes from
a particularly competent and motivated HoD who was also a leading figure in the
Management and Quality Support Committee.
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The next example is of a more routine nature and was submitted towards the end of the 2007
RCT. It indicates that principals who were not necessarily themselves mathematics teachers
were becoming more aware of what was happening in this subject at their schools.
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APPENDIX SIX
TEACHER RESEARCH DIARIES: RCT
Teachers in the project group schools during the RCT were asked to reflect on their
experience of using the PMRP programme and to record these experiences in a diary. Few
actually did so to any consistent degree but those that were provided proved very helpful in
‘debriefing’ after the completion of the RCT.
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APPENDIX SEVEN
PHOTOGRAPHS FROM THE FIELD
A numerate child who can calculate accurately and fluently

An innumerate child counting on his fingers

278

Direct Instruction during the RCT: A teacher explicates place value

During training for the RCT: Teachers enjoying playing a game designed to improve rapid
retrieval of memorized number facts using number cards in a playing deck

279
Learners playing a similar game in groups designed to improve rapid retrieval of memorized
number facts after they have been learned

Learners working productively in similar ability pairs

280
Learners working silently as individuals

Key Teachers and Principals: Members of the PMRP Management and Quality Support
Committee with Mr. Mukhacwa, District GET Mathematics Coordinator, during the
replication study.

281
A proud youngster: Jito Mbedzani, a refugee from Mozambique, who was placed first at the
PMRP Mental Mathematics Competition for The Malamulele Cluster of 5 circuits organized
by the MQS in support of the Foundations for Learning Campaign during the replication
study.

Proud teacher of a young learner who made his own deck of number cards so he could play
number fact retrieval games with his friends.
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One of the great privileges of working as a programme evaluation researcher is the
opportunity to visit parts of South Africa that many people never see. This photograph was
taken in a remote village housing a school on the slopes of the Luvuvhu River shortly before
it enters the extreme North East section of the Kruger National Park
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