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ABSTRACT

At the time of South Africa’s transition to democracy the school system was envisaged to be a
powerful vehicle for nation-building and transformation. The chronic low performance of the
South Affrican school system has subsequently become the subject of widespread public concern.
This thesis examines the distribution of cognitive achievement amongst South African children
and the factors influencing it, especially socio-economic status, and asks what the implications of
this are for future economic development. The methodologies employed are predominantly
quantitative as various sources of data are examined in order to collect evidence pertaining to the

question above.

Chapter 1 lays down a conceptual framework for understanding the role of schooling in
economic development. The point is made that although education is often envisaged as a
vehicle for development and mobility out of poverty, the home socio-economic status of
children impacts significantly on their educational outcomes. Chapter 2 reviews recent and
relevant literature to establish main currents of thinking regarding the influence of socio-
economic status on educational outcomes. Chapter 3 follows this with an empirical examination
of the influence of socio-economic status on reading achievement amongst South African
children. The results indicate that the relationship between socio-economic status and
educational achievement in South Africa is particularly strong by international standards.
Furthermore, the historical divisions within the school system remain key to understanding
continuing inequalities in educational outcomes. The socio-economic status of students is
crucial in determining which part of the school system students enter; then for those entering the
historically disadvantaged system the chances of achieving high quality educational outcomes are

small, regardless of their home background.

The main priority in the latter part of chapter 3 and thereafter is the attempt to identify factors
that improve cognitive achievement, given the socio-economic context of schools and their
students. In chapter 4, this search is taken up by examining a rich collection of data regarding
school and teacher practices in South African primary schools. In chapter 5 this is done by
analysing trends in the ability of high schools to convert demonstrated grade 8 achievement into
matric outcomes. An additional perspective is provided through a comparison of the

performance of South Affrica’s independent and public schools in Chapter 6. The final chapter



summarises the results from these various approaches and highlights several key areas on which,
it is recommended, attempts to improve South Africa’s schools should focus. These include the
management of school resources, teacher work ethic, time management and planning within
schools, curriculum coverage, the accuracy of assessment and feedback to students, and parent
commitment to education. Improving these areas within the large and struggling part of the

South African school system will be decisive for the country’s economic development.



OPSOMMING

Ten tye van Suid-Afrika se demokratiese oorgang is die skoolstelsel as 'n sterk instrument vir
nasicbou en transformasie gesien. Die kroniese swak vertoning van die Suid-Afrikaanse
skoolstelsel het sedertdien tot wye openbare besorgdheid gelei. Hierdie proefskrif ondersoek die
verdeling van kognitiewe prestasie onder Suid-Afrikaanse kinders en die faktore wat dit
beinvloed, veral sosio-ekonomiese status, asook die implikasies daarvan vir toekomstige
ckonomiese ontwikkeling. Die metodologie wat gebruik word, is hoofsaaklik kwantitatief, want

verskeie databronne word ondersoek om getuienis in te win rakende bogenoemde vraagstuk.

Hoofstuk 1 stel 'n konseptuele raamwerk daar om die rol van onderwys in ekonomiese
ontwikkeling te verstaan. Die punt word gemaak dat, alhoewel onderwys dikwels as n instrument
vir ontwikkeling en uitstyging uit armoede gesien word, die sosio-ekonomiese status van kinders
se huislike omgewing hulle onderwysuitkomste beduidend beinvloed. Hoofstuk 2 bied 'n oorsig
van onlangse en relevante literatuur om die hoofstrome van denke oor die invloed van sosio-
ekonomiese status op onderwysuitkomste aan te dui. Hoofstuk 3 volg dit op met ‘n empiriese
ontleding van die invloed van sosio-ekonomiese status op leesvaardigheid onder Suid-Afrikaanse
kinders. Die resultate dui daarop dat die verband tussen sosio-ekonomiese status en
onderwysuitkomste volgens internasionale standaarde in Suid-Afrika besonder sterk is. Verder is
die historiese verdelingslyne binne die skoolstelsel van sleutelbelang om voortgesette ongelykheid
in onderwysuitkomste te verstaan. Die sosio-ekonomiese status van studente bepaal grootliks tot
watter deel van die skoolstelsel kinders toegang kry. Vir daardie kinders wat in die histories-
afgeskeepte deel van die stelsel beland, is die waarskynlikheid van hoé gehalte onderwys klein,

ongeag hulle gesinsagtergrond.

Die klem in die laaste gedeelte van hoofstuk 3 en daarna val daarop om faktore te identifiseer
wat kognitiewe uitkomste verbeter, gegewe die sosio-ekonomiese konteks van skole en studente.
In hoofstuk 4 word hierdie speurtog voortgesit deur n ryk verskeidenheid data rakende skole en
onderwysers se praktyke in Suid-Afrikaanse laerskole te ondersoek. In hoofstuk 5 word dit
gedoen deur ’n analise van die vermoé van hoérskole om graad 8-vlak prestasie in graad
matriekuitkomste te omskep. 'n Vergelyking van die prestasie van Suid-Afrika se onafhanklike
skole met openbare skole in hoofstuk 6 bied verdere perspektief hierop. Die finale hoofstuk som

die bevindinge van hierdie verskillende benaderings op en belig sekere sleutelaspekte waarop



pogings om Suid-Afrika se skole te verbeter klem behoort te 1¢. Dit sluit in bestuur van
skoolhulpbronne, onderwysers se werksetiek, tydsbestuur en beplanning binne skole, dekking
van die kurrikulum, die akkuraatheid van assessering en terugvoer daaroor aan studente, en ouers
se betrokkenheid by onderwys. Verbetering op hierdie gebiede binne die groot, sukkelende deel
van die Suid-Afrikaanse skoolstelsel sal deurslaggewend wees vir die land se ekonomiese

ontwikkeling.
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CHAPTER 1: INTRODUCTION

1.1) Education and Economic Development

“Every state is a community of some kind, and every community is established with a view to

some good; for mankind always act in order to obtain that which they think good.”

- Aristotle

Classic and contemporary political philosophers have long been occupied with the pursuit of the
“good society”, what it should look like and what principles should govern it. Most coherent
political philosophies ascribe to education the task of creating citizens who will cooperate
towards the fulfilment of the good society, however that is conceived. In Plato’s version of the
good society the guardians and plebeians would receive very different educations in preparation
for their roles in society. Specific types of activities, carefully selected literature and even the
telling of a “noble lie” would ensure that citizens believed in the society and accepted their
ascribed roles. Political philosophies and utopian visions generally either expect education to
reproduce an existing and desirable order or assigh an emancipatory function to education by

which society is transformed into the good society.

Many education systems of today, including South Africa’s, have the explicit purpose of
educating for democracy. Twentieth century thinking on education and democracy has been
strongly influenced by John Dewey. For him democracy was more than a political system. It
was a “mode of open association and communication between individuals and groups” (Dewey,
1916, quoted in Brown and Lauder, 2001: 61). Schools, by this view, should promote this
through integrating children from diverse origins and parts of society and teaching them to
develop respect for each othet’s points of views. The South African Schools Act of 1996
demonstrates that schools in this country are expected to foster democracy as well as several

other freedoms, including economic freedoms:

“IT]his country requires a new national system for schools which will redress past injustices in educational
provision, provide an education of progressively high quality for all learners and in so doing lay a strong

Jfoundation for the development of all our people's talents and capabilities, advance the democratic
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transformation of society, combat racism and sexism and all other forms of unfair discrimination and

intolerance, contribute to the eradication of poverty and the economic well-being of society...”

- Preamble to the South African Schools Act (South Africa, 1996)

Conceptions of the good society, including democracy, often uphold freedom as an appropriate
end. According to Hattersley (2004: 12), “the good society promotes the greatest possible degree
of freedom for the largest possible number of people.” The concern with freedom and liberty,
fundamental to modern democracies, owes its heritage to the social contractarian tradition of
political philosophy (Hobbes, Locke and Rousseau). The departure point for the contractarians
is a consideration of the “state of nature”. This situation is the anarchist’s utopia in which every
man is his own master. Having different conceptions of what the state of nature looks like, the
contractarians agree that those in the state of nature would realise their mutual need for a social

authority. The agreement by which this takes place is called the social contract. '

As James Buchanan, a libertarian and (new) contractarian by his own admission, suggests, liberty
is limited by the inescapable need for an institutionalised authority (Buchanan, 1975: 6-7). The
contractarian justification of authority revolves around the idea that individual liberty should be
maximised but that one person’s liberty should not encroach upon another’s. The protection of
individuals’ private domains of liberty is what Isaiah Berlin (1998[1958]) has called “negative
freedom”. It is only when negative freedoms are guaranteed that an economy based on
decentralised cooperation can flourish. Secure property rights and the rule of law, for example,
are necessary to create an environment of trust and protection conducive to forward-planning
and cooperation amongst individuals trading their goods and skills (Du Plessis, 2003, Greenspan,
2007).  Yet the formal protection of individual liberties is surely not enough to guarantee
freedom. Christine Korsgaard (1993: 58) argues that, “the poor, the jobless, the medically
neglected, the unhoused and the uneducated are not free no matter what rights they have been
guaranteed in the constitution.” Thus a concern with positive freedom arises. Positive
freedoms, such as a minimum standard of living, empower individuals to participate more fully

in society (Du Plessis, 2004: 6).

I 'The “state of nature” refers to an actual historical or hypothetical situation prior to the existence of any authority
or group cooperation. Similarly, the social contract was thought by some contractarians to be an actual historical
agreement, while others consider it to be an implicit agreement or even concede it to be purely hypothetical.
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The notion of positive freedoms is closely related to Amartya Sen’s capabilities approach to
freedom. Life, in Sen’s philosophy, consists of “doings or beings”, which he calls “functionings”
(Sen, 1997a: 199). These range from being well nourished to having self-respect. “Capability” is
the ability to achieve these functionings, or the freedom to live as one chooses. Development,
then, is the “process of expanding substantive freedoms that people have” (Sen, 1999: 297). Sen
emphasises that many connections exist between capabilities. For example, illiteracy and under-
nourishment are often results of low income. And yet conversely, education and good health are
important determinants of income (Sen, 1999: 19). This interdependency underlies Sen’s bold

claim that freedoms are both the end and the principal means of development.

This thesis uses Sen’s view of development, in the sense of expanding human capabilities and
freedoms, to augment the more traditional notion of economic development. The latter is
distinct from economic growth, which is the positive trend in a nation’s real total output or
GDP, although there is a view that growth is the key to economic development. Robert Lucas
(quoted in Ray, 1998: 7), for example, writes, “By the problem of economic development I mean
simply the problem of accounting for the observed pattern, across countries and across time, in
levels and rates of growth of per capita income.” If this were a definition of economic
development it would be narrow and incomplete. It is rather a view of how development
happens — that the characteristics of development, such as health, sanitation, literacy and life
expectancy, are all enabled by economic growth. Meier (1995: 7) defines economic development
as long-term per capita income growth that leads to qualitative improvements throughout the
social system. Development thus involves “growth plus change”. This definition of economic
development needs to be expanded to incorporate Sen’s insights. Economic development can
then be viewed as a complex process in which features such as per capita income, health, family
stability and education have an interdependent relationship and in which causality is often multi-

directional.

Todaro (2000: 8) emphasizes that the field of development economics is especially concerned
with improving living conditions amongst the underdeveloped and poverty-stricken parts of
society. A special consideration of the poor is also central in most theories of social and
economic justice. Perhaps the most influential theory of justice of the Twentieth Century has
been that of John Rawls. Using a social contractarian approach, Rawls (1971) develops his two

principles of justice according to which everyone should equally be guaranteed certain basic
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liberties, and social and economic inequalities are permitted in so far as this improves the

material position of the worst-off.

A strong case can be made that the world has undergone a remarkable phase of economic
development over the last 200 years. The spectacular rise in living standards ever since the
Industrial Revolution has been well documented (e.g. Dornbusch, 1999; Easterlin, 2000; Masson,
2001; Wolf, 2004). There has been an exponential rise in real per capita income in most parts of
the world, although Africa has lagged behind, growing at a considerably slower rate. New
technologies and reduced transport costs have contributed to the spread of higher living
standards, including such fundamental elements as infant mortality, adult literacy and life
expectancy. For example, life expectancy in England rose from 41 years in 1800 to 77 years in
1999. For developing countries it rose from 26 years as recently as 1900 to 64 years in 1999
(Wolf, 2004: 43-45). Such advances constitute a considerable expansion of the substantive

freedoms people have to live the kind of life they have reason to choose.

Wider participation in education is itself one of the benefits of this remarkable economic
development. It is significant that Education for All (EFA) is now a foreseeable reality and is
one of the United Nations’ Millenium Development Goals. As access to education becomes
universal a more pertinent constraint to human capability in many parts of the world, including
South Africa, is now the quality of education. This is an important barrier to development in

South Africa and is described throughout this thesis.

Education is also recognised as a means to economic development. Owing largely to the work
of Theodore Schultz and Gary Becker, the role of education as a means to development has
been framed by the notion of human capital in the economics of education literature, which has
burgeoned in the wake of their seminal contributions (Schultz, 1961; Becker, 1962, 1964).
Schultz, in his presidential address to the American Economic Association, suggested that, “skills
and knowledge are a form of capital,” and that “this capital is in substantial part a product of
deliberate investment” (Schultz, 1961: 1). There are strong theoretical reasons to expect an
investment in the human capital of a nation to promote economic growth. Greater human
capital should improve the productivity of the labour force, increase the innovative capacity of
the economy and facilitate the transmission of new knowledge and technologies. This has been

tested empirically in the literature on growth modelling. For example, Mankiw, Romer and Weil
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(1992) introduced the accumulation of human capital into the Solow model for economic
growth. They argue that their augmented model provides a better description of actual trends in

economic growth across countries.

At the level of the individual, too, the human capital model provides a framework for explaining
how investments in education can draw people into the stream of development and increase
their human capability. According to the human capital model, education improves an
individual’s productivity, which in turn is rewarded on the labour market by higher earnings.’
Consequently, a vast literature has developed, following in the tradition of Jacob Mincer (1974),
which estimates the labour market returns to education. Such a large volume of work using
“earnings functions” has been produced that Heckman, Lochner and Todd (2005: 3) claim that
“earnings functions are the most widely used empirical equations in labour economics and the

b

economics of education.” The literature has consistently demonstrated that the probability of
employment, and earnings conditional upon employment, increase with years of education.
Recent attempts to account for the quality of education (often measured by demonstrated skills)
have suggested that this may be even more important than years of education (Murnane e a/,

2001; Hanushek and Woessman, 2007). Education quality therefore has an important role to

play in economic development.

1.2) Education and Economic Development in South Africa

Given what is known about the “human capital” impact of education on labour market success,
as well as the broader impacts of education on human capability, what contribution can one
reasonably expect the South African school system to make toward economic development in
this country? That is the central question of this thesis. Several empirical issues together
determine the potential effectiveness of a school system in promoting economic development.
Firstly, how effective is the school system at producing educational outcomes that empower

students with the skills and qualifications necessary to participate successfully in an economy

2 Human capital is distinct from human capability, as Sen (1997b) himself explains. Human capital is concerned
with the agency of people to enhance economic growth or personal earnings through greater skill and knowledge.
Human capability is concerned with the ability of people to live in ways they would choose. Sen (1997b) does not
suggest that these are rivalrous concepts but observes that human capability is simply broader. Education, in so far
as it increases human capital, provides an indirect means to human capability. Yet the benefits of education exceed
those which can be construed as human capital. The ability to make more informed choices or to be respected by
others directly enhances one’s ability to function in society, even if there is no associated increase in productivity.
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characterised by decentralised cooperation? A generally low standard of schooling will constrain
development. Secondly, to what extent does socio-economic status (SES) influence educational
outcomes? If poverty severely undermines the ability of poor students to achieve educationally,
this too will restrict economic development. Thirdly, what can schools do to improve
educational outcomes in the context of educationally disadvantageous factors like poverty, and
how considerable are these effects likely to be? This thesis uses various sources of data and

techniques to assess the evidence pertaining to these three questions.

The South African education system and the state of economic development must be
understood in the context of the country’s unique history. The notorious policy of apartheid
was itself preceded by many years of segregationist policies and colonialism. Institutionalised
discrimination resulting in under-development for much of the population, therefore, goes back
much further than a mere generation or two. As one commentator has characterised it, South

Africa suffered under “Three hundred years of inequality.””

What distinguished apartheid, which
literally means “separateness”, was its explicit ideological content leading to an intensification of
discriminatory policies, and that it ran against the grain of moral, political and practical
international trends. Despite a rhetorical commitment to development implied by the policy of
“separate development”, the apartheid policies had a regressive impact on the distribution of
income along racial lines. The Group Areas Act (1950) and the homelands policy restricted the

possibilities of land ownership and residential location for non-white South Africans. Labour

market policies reserved certain of the more highly skilled professions and jobs for whites.

The apartheid system of “native education” quite explicitly aimed to prepare people for an
unequal labour market. As the (then) Prime Minister Verwoerd explained it, “What is the use of
teaching a Bantu child mathematics when it cannot use it in practice?” * The ultimate purpose of
education for non-whites under the Bantu Education Act of 1953 was to protect and reinforce
the privileged political and economic position of whites and to keep non-whites under control.
As a consequence there were different curricula, highly unequal funding and separate
departments of education for each race group.” To compound things, schools attended by black

students became sites of resistance to apartheid, with detrimental effects on the amount of

3 This is the title of a book by Sampie Terreblanche.

4 Quoted in Fiske and Ladd (2004: 42).

5> Under the apartheid system there were separate education departments corresponding to the various race groups
in South Africa. There were separate departments for white schools (House of Assemblies — HOA), coloured
schools (House of Representatives — HOR), Indian schools (House of Delegates — HOD) and black schools
(Department of Education and Training — DET) and each of the homelands had an education department.
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learning that occurred, thus adding to the educational backlog that would face a new democratic

South Aftrica.

The institutions and policies governing education in South Africa underwent dramatic changes
with the transition to democracy in 1994. The racially separated administrations were
consolidated into a unified national Department of Education. At the same time the nine
provincial governments were also given considerable authority, especially with regard to
administering education spending. Public spending on education as a proportion of GDP has
been on a declining trend in recent years. Education spending as a proportion of GDP has
decreased from about 6% in 1998 to just over 5% in 2008, although this remains high by
international standards (Gustafsson, 2010). This comparably high figure for South Africa is
largely pushed up by two factors: high enrolment and high teacher salaries relative to GDP per
capita. Teacher pay remains the dominant component in education spending, despite the fact
that personnel spending as a proportion of total education spending has decreased from about
90% in the late 1990’s to about 80% (OECD, 2008: 43). The declining education spending to
GDP ratio masks the fact that spending per student has nevertheless increased in real terms. In
constant 2004 rands, school expenditure per student has increased from about R3400 in 1987 to
over R5000 in 2007 at a fairly stable rate of increase. The decreasing education spending to

GDP ratio reflects the fact that GDP grew faster than education spending over the period.

Similarly, education spending as a proportion of total government spending has been on the
decline. Figure 1.1 shows that after an initial prioritisation of education spending in 1994, the
share of government expenditure devoted to education has declined from about 27% to below
19% in 2009. To some extent this may reflect the implementation of new forms of social
spending, notably the introduction and expansion of various social grants, and the need to

respond to other service delivery pressures.
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Figure 1.1: Edncation expenditure as a proportion of fotal national and provincial government
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Sources: Buckland and Fielden (1994); Annual Budget Reviews (1995-2010)

When considering the targeting of funds, it is clear that government spending on education has
become equitable and even progressive. Initially though, greater equity in spending did not
translate into real resource shifts as the increase in spending went mainly to raising teacher
salaries in the historically disadvantaged part of the school system (Van der Berg, 2007: 871). By
2002, greater real resource shifts had been accomplished. The number of teachers paid by the
state had increased from 24 to 31 per 1000 students in historically black schools, and decreased

from 59 to 31 per 1000 students in historically white schools (Van der Berg, 2007: 872).

Non-personnel funding actually received by schools is pro-poor but not as pro-poor as policy
has stipulated it should be. According to the Norms and Standards for non-personnel spending
introduced in 2000 (and amended in 2006), schools have been divided into poverty quintiles with
the poorer quintiles receiving a higher allocation of non-personnel funds. Moreover, the poorest
40% of schools have become so-called “no-fee schools”, according to which greater funding is
made available to them on condition that school fees are abolished. Table 1.1 shows the targeted
amounts of per student non-personnel spending for each quintile according to the funding

norms as specified in Government Notice 869 of 2006. It is clear that the policy has a strong
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pro-poor design with intended spending on quintile 1 approximately six times greater than that
on quintile 5. Actual funding received by schools is indeed pro-poor but not as strongly so, as

the top row shows.

Table 1.1: Median total department spending by school poverty quintile (rands)

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 Total

Actual 711 711 481 474 228 591
Target 775 711 581 388 129 517

Source: South Africa (2009a: 39)°

Several factors may account for the discrepancy between budgeted non-personnel spending and
the actual amounts received by schools. According to the Department of Education (2009a: 50),
there is some evidence of crowding out of non-personnel spending by personnel spending, i.e.
financial transfers that were intended for non-personnel spending instead are used by schools to
supplement personnel spending. In addition, school principals have pointed to other
inefficiencies in the allocation of funding: financial transfers coming through late, receiving
departmentally purchased goods and services too late and receiving goods and services not well

matched to their school’s needs (South Affrica, 2009a: 87).

The total expenditure per student excluding what the state spends on teacher salaries consists of
spending by the school (funded by fees and financial transfers from government) and
departmental purchases. Table 1.2 shows this amount by school poverty quintile. The effect of
private spending is considerable in quintile 5 schools but results in a similar amount of spending
per student in the bottom four quintiles. In summary, non-personnel spending norms aim for
approximately six times as much on quintile 1 schools than quintile 5 schools. In reality quintile
1 schools receive about three times that received by quintile 5 schools. Including private
spending from school fees, the total expenditure per student is roughly three times as much in

quintile 5 schools as that in quintile 1.

¢ Based on a UNICEF and USAID funded study conducted for the Department of Education in 2009, which
collected detailed information on funding in 525 public schools.
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Table 1.2: Median school expenditure per student plus departmental purchases (rands)

Quintile 1  Quintile 2 Quintile 3 Quintile 4  Quintile 5 Total

981 944 1062 1105 2829 1673

Source: South Africa (2009a: 47)

Analyses of fiscal incidence have confirmed that government expenditure on schooling has
become more redistributive between 1996 and 2006 (Van der Berg, 2006, 2009; Gustafsson and
Patel, 20006). Greater fiscal equity has also lead to improvements in the provision of Learning
Support Materials and school infrastructure, although some shortages in these areas persist. A
survey conducted by the Fiscal and Financial Commission revealed that the allocation of
Learning and Teaching Support Materials (LTSM) differed between students within schools. It
was found that many schools permit textbook shortages in grades 8-11 in order to prioritise
textbooks for grade 12 students in view of the pressure on schools to perform well in the matric
examination, which is the school leaving examination at the end of grade 12 (OECD, 2008: 82).
Improvements in school infrastructure between 1996 and 2006 have been impressive: the
number of schools with electricity nearly doubled; the number of schools without water more
than halved; and the number of schools without toilets also halved (OECD, 2008: 107). Further
improvements will be necessary in these areas as well as other aspects of school infrastructure,

especially the provision of libraries, computers and science laboratories.

These substantial investments in South African schooling warrant careful consideration of the
outcomes being achieved by the school system. This is where the economic impetus behind an
investigation into the performance of South African schools arises. At the heart of economics
lies the basic problem of how best to allocate scarce resources amongst unlimited desires. It is
therefore important to assess the effects of the resources being invested into South African
schooling. Moreover, given that spending on education has increasingly been targeted toward
the historically disadvantaged part of the system, it is important to know whether any observable

improvement in the educational outcomes of this part of the system has been achieved.

What exactly the desired outcomes of schooling should be are not immediately obvious. Very
often educational outcomes include indicators such as attainment, enrolment and student

achievement as measured by test scores. Of course, many less easily measured benefits are also
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intended to accrue from education, such as good citizenship, socialisation and interpersonal
skills. The difficulty in measuring these outcomes in no way detracts from their potential value.
However, student achievement as measured by test scores is used as a measure of educational

outcomes.

Another major component of education policy since 1994 has been curriculum reform. In an
attempt to make a radical ideological break from the past, Curviculum 2005 was drawn up with the
explicit purposes of nation-building, promoting the constitution and fostering inclusive
education. The result was a “new, innovative, rights-based national curriculum, based on the
principles of Outcomes Based Education (OBE)” that was generally well received by the public
(South Africa, 2009b: 12). The new curriculum was first implemented in 1998, but was soon met
by criticism on theoretical grounds and based on worrying feedback about student learning in
key areas such as reading, writing and counting (e.g. Jansen, 1999). Some of the fundamental
problems with Curriculum 2005 included a lack of clarity in its design, language, terminology and
assessment requirements, a lack of specified content or use of textbooks, and a lack of support
and training for teachers in implementing the curriculum (South Africa, 2009b). These factors
led to a revision of Cumriculum 2005 during 2001. The Revised National Curriculum Statement,
however, still suffered from confusion and many of the same problems as before. At the time of
writing, the curriculum is again in review with the stated intention to further simplify and

improve the national curriculum statement.

The most negative testimony against the curriculum has been the consistently poor performance
of South African children in key learning areas such as reading, mathematics and science. This
has been repeatedly attested by a range of domestic as well as international surveys. The
Systemic Evaluation undertaken by the Department of Education (DoE) in 2001 tested 51 000
grade 3 students across the nation. The average score in numeracy was 30% and in literacy was
54% (Fleisch, 2008: 4). The evaluation of the Quality Learning Project (QLP) conducted by the
HSRC at the high school level and the grade 3 and grade 6 testing done by JET Education
Services confirmed that children were performing well below the standards required by the
curriculum (Taylor, Muller and Vinjevold, 2003). In large cross country evaluations the
performance of South African children has been dismal. In the Trends in International
Mathematics and Science Study (TIMSS) of 2002, grade 8 South African students achieved the
lowest average scores in both mathematics and science out of 46 countries, including six African

countries. More recently and at the primary school level, South Africa came last in the Progress



25

in International Reading Literacy Study (PIRLS 2006) out of 40 countries. In the Southern and
East African Consortium for Monitoring Education Quality survey of 2000 (SACMEQ II),
South Africa performed slightly below the average of 14 Southern and East African countries in

grade 6 mathematics and reading.

The overall educational achievement of South African children conceals a sharp quality divide
between two very differently performing parts of the school system. Following the logic of the
“two nations” metaphor of Thabo Mbeki, Fleisch (2008: 1-2) describes the characteristic features
of these two “systems”. The well-functioning system consists of mainly historically white and
Indian schools, is well resourced, serves middle class children of all race groups and produces a
level of achievement that is comparable to that of most middle class children around the world.
The second and much larger system enrols poorer children who are further disadvantaged
through being located in schools which are themselves deficient. Students in this system have
limited fluency in reading and writing and can perform only simple numerical operations
(Fleisch, 2008: 2). The majority of university entrants are produced by the well-functioning
system. Van der Berg (2007: 859) found that one in 10 white students achieved A-aggregates in
the 2003 matric examination, whereas only one in 1000 black students achieved A-aggregates.
Furthermore, nearly half of those black students that did achieve A-aggregates were in
historically white and Indian schools. This division in the school system and the inequalities in
South Africa’s educational achievement are investigated extensively in Chapter 3, and set the

context throughout this thesis.

The human capital challenge in South Africa is therefore definitely a matter of the quality of
education. Attainment gaps between race groups have diminished considerably over the past
few decades, even prior to 1994. Figure 1.2 shows the mean years of education attained for each
birth cohort of South Africans by race. It is clear that average attainment is substantially higher
amongst younger cohorts of black, coloured and Indian South Africans. The challenge now is to

reduce the persistent inequalities in educational quality.
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Figure 1.2: Educational attainment by race group (3 year moving averages)
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Problems with school quality present a two-tiered need to build human capital for the sake of
economic development in South Africa, as Taylor (2007: 537) suggests. Firstly, economic
growth is constrained by skills shortages, especially in the engineering sector. Pauw, Oosthuizen
and Van der Westhuizen (2006: 14) maintain that firms, policy-makers and government are all in
agreement that skills shortages represent the most important threat to accelerated growth in
South Africa. Despite the existence of high unemployment, and even graduate unemployment,
the economy is still short of specific high level skills. Taylor (2007: 537) argues that the most
efficient way to address the skills shortages is to focus on improving already moderately and
well-performing schools. But this would not address the second tier of the human capital
challenge: the need to improve quality in the large poorly performing section of the school
system. Children in these schools require an education that genuinely represents a pathway out

of poverty and into fuller participation in society and economic life.

Van der Berg, Louw and du Toit (2009) have shown that poverty in South Africa has been

declining somewhat in recent years. However, they argue that this is largely attributable to the
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expansion of the social grant programme rather than to improvements in education or health.
Despite the recent modest decline, poverty remains severe in many parts of South Africa and is
most prevalent amongst black South Africans. Unemployment too continues to be high with
strong racial dimensions. Figure 1.3 demonstrates that the incidence of unemployment has
consistently been highest amongst black South Africans. These large employment gaps have
persisted despite the implementation of an ambitious set of affirmative action policies in the
labour market. Burger and Jafta (2006) argue that racial employment gaps, which are substantial
even at constant levels of educational attainment, are in all likelihood largely attributable to

differences in the quality of education that is being received by the different race groups.

Figure 1.3: Strict unemployment by race in South Africa since 1994
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1.3) A research response: Overview of this thesis

Although education is widely regarded as a key mechanism for bringing about transformation, a
reduction in unemployment and the “eradication of poverty”, as the preamble to the South
African Schools Act declares, there is an element of circularity at work. This is because the
home background of students, in particular their SES, has a significant impact on educational

outcomes. This is true in every society but the strength of the relationship varies considerably
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across societies. The extent to which children from disadvantaged backgrounds have a real
opportunity to achieve educational outcomes that will enable them to be successful in the labour
market is one indication of whether the school system can be expected to transform existing
patterns of inequality or merely reproduce them.” The circular relationship between SES and
schooling in the process of intergenerational mobility is presented using a schematic diagram in

Figure 1.4.

Figure 1.4: Schematic diagram of the role of education in intergenerational mobility
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The figure depicts mobility as a series of snapshots over time. In the first snapshot individuals
are born into a particular position along the socio-economic ranking. The figure then shows
snapshots throughout the trajectory of an individual’s educational development and into the
labour market. Specific reference is made in the figure to the ranking of achievement at the
third, fourth, fifth and eighth grade and at matric as this thesis will examine achievement in these
grades. Snapshot 6 ultimately feeds back into snapshot 1 reflecting the intergenerational nature

of the process.

7 The very fact that SES is at all related to educational outcomes implies that school systems undoubtedly do
reproduce the social order to varying degrees, as critical reproduction theories of schooling have long emphasized
(e.g. Bowles and Gintis 1976, Bernstein 1977, Bourdieu and Passeron 1977, Apple 1982). The question therefore
becomes — is a particular school system likely to reduce inequality or perpetuate or even heighten it?
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Chapter 2 defines SES and considers the various channels through which it might be expected to
affect educational outcomes. These include the influence of SES on cognitive development
prior to entering school (occurring between snapshots 1 and 2 in the figure). International and
South African empirical literature examining the impact of SES on educational outcomes is also
reviewed. Apart from Chapter 2, this thesis is largely an empirical contribution. Quantitative
methodologies are applied to various data in order to collect evidence pertaining to the
overarching question about the role of schools in South Africa’s economic development. The
thesis is therefore not comprehensive in its scope, but is more explorative. The main sources of
information for the empirical parts are nationally representative survey data. This has the
advantage that conclusions can be generalised with varying degrees of statistical confidence.
This approach does not, however, represent a prejudice against other research methodologies,

such as experimental or case studies, which have their own advantages.

Chapter 3 investigates reading achievement amongst primary school children in South Africa
using the PIRLS 2006 dataset. The focus is chiefly on inequalities in reading achievement and
the effect of SES in South Africa relative to other countries. The chapter also goes on to search
for school and teacher level factors that affect student achievement after the influence of SES
has been taken into account. In terms of Figure 1.4, these school and teacher characteristics
affect what happens between point 2 and point 4. This motivates the search for factors that

improve educational achievement and do so especially amongst low SES children.

The search for indicators of school and teacher effectiveness at the primary school level is taken
up again in Chapter 4, this time with new possibilities offered by the data that was used. Several
unique features of the data from the National School Effectiveness Study (NSES) used in this
chapter enabled the analysis to be taken further than was possible using the PIRLS dataset. In
particular, the NSES collected a rich set of school and teacher characteristics, including a teacher
test and an extensive review of student workbooks, and tested the same students in grade 3 and
in grade 4. Panel data (in which the exact same individuals are surveyed at more than one time)

such as this, provides specific technical advantages for analysis, as is discussed in Chapter 4.

In Chapter 5 another, although very different, panel dataset is examined. Students who
participated in TIMSS in 2002 as eighth graders were tracked to matric in either 2006 or 2007,

depending on when they arrived there if at all. The design of the dataset therefore follows the
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progression in Figure 1.4, as individuals move from primary school into high school and toward
the labour market. This chapter thus provides a quantitative estimate of one of the links in the
figure. The analysis sheds light on some interesting trends in the ability of different parts of the
South African school system to convert demonstrated ability in grade 8 into matric outcomes.
The diverse trajectories of children based on early educational achievement and the type of
school they are located in has important implications for future mobility, and therefore for the

ability of the school system to contribute to economic development.

One of the major conclusions in Chapter 5 is that assessment practices in many of South Africa’s
schools are unreliable and lenient. This represents a breakdown of information or feedback in
the school system. There is imperfect feedback to children about their progress (hindering
effective subject choice and exam preparation), to parents about the progress of their children
and the quality of schooling being received, and to the Department of Education about the
effectiveness of schools and their management teams. The role of information in promoting
efficient decision-making has been a key theme in the discipline of economics. This is evident in
the debate between central planning and the market mechanism. Under central planning the
economic authorities make production and price decisions based on systemic information. On
the other hand, advocates of the market emphasise that economic information is constantly
changing and that such information is decentrally possessed by individuals, who should therefore
be entrusted with production and price decisions. This view is expressed in Hayek’s famous
1945 essay on The use of knowledge in society. Drawing on agency and incentives theory, Chapter 5
closes with an application of the Principal-Agent model to South African schooling and the weak
assessment practices that contribute to a lack of transparent information. Some implications for

policy arise from this analysis and these are returned to in more detail in Chapter 7.

An enduring interest for economists is whether the private sector is more efficient at producing
goods and services than the public sector. Milton Friedman (1955) raised the issue of private
schooling into the arena of economics, proposing that vouchers be given to poor children to
enable them to attend private schools. The perception may exist that independent schools in
South Africa serve a rich elite and therefore may only exacerbate educational inequalities and
contribute little to economic development, conceived of as raising living standards for everyone,
especially the poor. Chapter 6, however, highlights some interesting differences between public
and independent schools in the middle to low fee range of historically black schools. Even if it is

not clear what benefits would arise from an expansion of the impendent sector, there are at least
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some lessons to be taken away for the school system as a whole. This chapter thus represents an

additional perspective on what schools can do to promote economic development given the

influence of SES.

The closing chapter summarises the main findings of this thesis, drawing together the various
results about particular school and teacher level factors that are shown to be associated with
student achievement. Several potentially important areas for policy and other interventions to

focus on are also highlighted.
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CHAPTER 2: LITERATURE EXAMINING THE EFFECTS OF SOCIO-
ECONOMIC STATUS ON EDUCATIONAL OUTCOMES

It is important to understand and estimate the effects of SES on educational outcomes for at

least three reasons.

In the first place, within the context of social justice a concern with equity dictates that the
nature and extent of the educational disadvantage facing the poor in society be examined.
Accepting that educational outcomes and labour market performance are causally linked, the
extent to which educational outcomes vary with SES has strong implications for social and

economic mobility over time, which are widely regarded as just and desirable social outcomes.

A second, more technical, reason for estimating the effect of student SES on educational
outcomes is to improve the accuracy with which the impacts of other factors influencing
educational outcomes can be measured so that appropriate policy measures can be attempted,
where feasible. Numerous home, teacher and school characteristics are correlated with SES or
operate differentially depending on student SES. For example, in South Africa classes tend to be
larger in schools serving poor communities where the level of educational performance is also
lower in general. In order to estimate the influence of class size correctly it is therefore necessary
first to “control for” the effect of SES. Put differently, one should estimate the effect of class

size conditional upon SES.

Thirdly, it is important to understand how specific teaching and school characteristics might
interact with the relationship between SES and educational achievement. It would be most
desirable from an equity perspective to identify factors that can be influenced by policy and that

positively impact on educational achievement and do so especially in the case of poor students.

This chapter starts by discussing the meaning of SES and how this concept has been treated in
the literature over time. Thereafter, it discusses the various channels through which SES might
be expected to influence educational outcomes. The so-called “education production function”
literature is then considered with a focus on the estimated effects of the impact of SES emerging
from this literature. International and then South African studies are discussed. Thereafter,

several studies using Hierarchical Linear Modelling (HLM) are reviewed as this methodology is
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particulatly apt for describing how the relationship between SES and educational achievement
can differ depending on other characteristics. Finally, literature that draws conclusions about
social and economic mobility based on the influence of SES on educational outcomes is

discussed.

2.1) Defining socio-economic status

A useful definition of SES is the “relative position of a family or individual on an hierarchical
social structure, based on their access to, or control over, wealth, prestige, and power” (Willms,
2004: 7, quoting Mueller and Parcel, 1981). In economics, where the intention is often
measurement, SES tends to be conceived of in terms of its proxies, such as income, education or
occupation. In sociology, which is where the concept emanates from, SES encompasses societal
rank, prestige and position (Bullock and Stallybrass, 1982: 599). Consequently, as Bradley and
Corwyn (2002) maintain, there has been a tug of war between conceptions of SES that
emphasize economic position and those that emphasize social prestige. Psychologists have often
framed SES using the notion of capital. According to Bradley and Corwyn (2002: 372), this is
because financial capital (material wealth and income), human capital (educational and skills

resources) and social capital (social connections) all closely affect well-being and often overlap.

When studying societies with substantial material deprivation it is perhaps justifiable and more
useful to concentrate on SES in terms of material well-being and economic position rather than
prestige or social class. This, together with the objective of measurement, motivates the

approach to SES taken in this thesis.

Stemming from the various definitional components of SES, educational research has tended to
operationalise SES using three main proxies: parent income, parent education and parent
occupation. As Sirin (2005) points out, research published in the 1950’s and 1960’s usually
worked with some categorisation of parent occupation as a proxy for SES. Measures of parent
occupation, such as Duncan’s Socioeconomic Index of 1961, are suitable because while they are
usually correlated with parent education and income they also reflect social prestige and
influence. Parent income is a means to other material and social resources and is therefore a

good indicator of SES. Similarly, parent education is a valuable indicator because it is typically
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established early on and remains fairly constant throughout a child’s education. Moreover,
parent education and parent income are highly correlated in most societies. Recent research has
increasingly used parent income and parent education as well as other indicators such as family
structure or household assets as measures of SES. Due to various practical difficulties involved
in the measurement of parent income and education in large-scale sample surveys, the use of
asset-based indices of household wealth can be regarded as an attractive alternative for the

measurement of SES. This point will be argued more extensively in Chapter 3.

2.2) Channels through which socio-economic status affects educational outcomes

Disentangling the processes through which SES affects educational outcomes is fraught with
difficulty because there are so many interconnected dynamics associated with SES that are
educationally disadvantageous. Poverty itself is a multidimensional concept that goes beyond
merely income or material aspects, but is bound up in social and economic systems, ideology,
relationships and the ability to function as fully human, as emphasised in more nuanced
conceptions of poverty such as Sen’s “capabilities” approach. It would therefore be simplistic to
view the processes through which SES interacts with education as separate or linear channels of
causality. Nevertheless, this section will discuss several of these processes, while recognising that

many of them ovetlap, interact and reinforce each other.

Historically, education has both defined class and been defined by class. For centuries it was
reserved for the nobility, clergy and upper classes. At times this was because only the wealthy
and powerful had the material means to forgo labour in favour of education. At times it was the
powerful that denied the powerless an opportunity to be educated, often justifying this with
ideology regarding beliefs about a fixed order in society and the appropriateness of education for
those with different “rightful” places in society. This idea was prevalent in Plato’s ideal society,
where different education would be given to those with different ranks and roles. Given the
historical connections between class and education, it is unsurprising that SES and education
have remained closely linked ever since the spread of mass education with the industrial

revolution and to the present day.

A first channel or category of channels through which SES affects educational outcomes is the

material resources to which children have access. A major way in which material resources affect
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child development is through nutrition. It is well documented that the incidence of poverty is
higher amongst children than adults in South Africa (World Bank/Rdp Office, 1995). Fleisch
(2008) describes how malnutrition and numerous other child health problems are strongly linked
to poverty in South Africa. In support of his analysis, Fleisch (2008: 33) reviews several studies
that have examined child health and educational performance. One study found that more than
40% of those in the poorest decile of South African children suffered from stunted growth (Zere
and Mclntyre, 2003). The link to education is demonstrated by international research, which has
shown that stunting during the first two years of life is associated with weaker cognitive
performance at school age (Sibanda-Mulder, 2003 — quoted in Fleisch, 2008: 33). Poverty thus
hinders cognitive development via nutritional deficiency from a very early age and even prior to
birth. For example, foetal alcohol syndrome causes lasting developmental impairment and is a
widespread phenomenon in many of South Africa’s poorer communities. Moreover, the
experience of hunger while at school diminishes a child’s ability to concentrate and learn.
Although the National School Feeding Programme has been implemented, nutrition remains a

key channel through which poverty affects educational outcomes in South Africa.

Child labour, mainly in the form of household chores, is a common occurrence throughout
much of South Africa, especially in rural areas. This is usually necessitated by a lack of resources
ot by the distance required to travel on foot in order to secure vital resources, such as water and
wood. According to the 1999 Study of Activities of Young People (SAYP), African girls
between 10 and 14 years of age spent 75 minutes per day on cooking and food preparation and
an hour per day cleaning the house on average (quoted in Fleisch, 2008: 70). Such labour is
likely to obstruct education in various ways. It distracts children from doing homework or other
educational activities outside of school. It may leave children tired out and less able to
concentrate by the time they are at school. Moreover, household responsibilities may

occasionally or frequently prevent children from attending school.

The availability and quality of educational resources at home also varies widely with SES. One
such resource, which is often a good indicator of the level of educational support at home, is the
number of books at home. Other stationary, computers, access to internet and even electricity
itself are important educational resources that are often absent in the homes of low SES
children. The overall physical living conditions of a child’s home, including warmth, space,
cleanliness and water facilities, combine to create an environment that is either conducive to

learning or not.
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A second and related channel through which SES affects educational outcomes is the availability
and quality of educational support in the home. Bearing in mind that parent education is often
taken as a proxy for SES, it follows that more affluent parents are more motivated and able to
engage in educational activities with their children than are less affluent parents. James Heckman
(2006: 1900) argues that “disadvantage arises more from lack of cognitive and noncognitive
stimulation given to young children than simply from the lack of financial resources”. In
addition, more affluent parents have superior access to information that will contribute to their
children’s health, social and emotional well-being, all of which feed into educational

development.

These processes begin during the crucial years of eatly childhood development. The literature
on child development underlines the early relationship with parents or primary care givers as the
most crucial and formative relationship in a child’s development. This relationship is embedded
in contexts — those of peers, parents’ marital situation, neighbourhood, etc. Many of these
contexts are unfavourable in poor families, and therefore impede the parent-child relationship
and hence child development. According to Shonkoff and Phillips (2000: 230), research
highlights two fundamental needs that are addressed within a child’s earliest and closest
relationships. These are the confidence with which to encounter new situations and people, and
a sense of their own competence and efficacy. These attributes contribute strongly to the

aptitude of a child to learn.

A large body of research has investigated how particular parenting methods and styles are
associated with performance on tests of cognitive ability. The sensitivity and appropriateness of
parent responses to child cues is one factor that has consistently been associated with higher test
scores. Parent expectation regarding learning has also been shown to affect child development
substantially. Shonkoff and Phillips (2000: 246) point out that the precise nature of these factors
differs across cultures and amongst sub-groups (e.g. boys and girls) within cultures. For
example, certain cultures value numerical ability above language and this affects learning via the
expectations parents have and the ways they reward their children from an early age. In South
Africa many parents, especially amongst the rural poor, are illiterate, and are therefore unlikely to

strongly encourage and reward numerical or language related early learning.
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Numerous studies in the literature on child development have investigated how cognitive ability
and learning are dependent on the home environment, by using the “HOME”® inventory,
following the studies of Caldwell, Bradley and Elargo, amongst others, in the late 1970’s and
1980’s. Bradley and Caldwell (1984), for example, demonstrated that IQ) test scores at age two
were strongly associated with “maternal responsivity” and the quality of language stimulation
available, while test scores in the first grade were most strongly associated with the “play

materials” item on the HOME inventory.

All these processes contribute to what Lee and Burkham (2002) call “Inequality at the Starting
Gate”. They present evidence of significant disparities in the cognitive ability of children from
poor relative to affluent families upon entering school. These initial disparities are likely to be
compounded as children proceed through school and differential home support continues to
augment or hamper educational achievement, for example through help with homework and
through the value given to education in the home. The extent to which initial educational
disparities on the basis of SES persist depends on the nature of the school system in a society, as
research by Heckman (2006) and Feinstein (2003) demonstrates. Their research will be

discussed later in this chapter in the section on mobility.

A third mechanism by which SES affects educational achievement is the ability of parents to
ensure that their children are placed in good quality schools. In many countries high SES
parents indirectly choose school quality through their residential choices (Hanushek, Kain and
Rivkin, 1998: 32). This is especially true of South Africa. Historically, residential choice for non-
white South Africans was severely restricted by the Group Areas Act (1950) and forced removals
under apartheid. Schools too were segregated by race. Although schools are no longer officially
segregated, the residential patterns established under apartheid have to a large degree persisted,
thus effectively limiting school choice. More affluent parents also have the resources to send
their children further away to what they perceive as better schools and to pay higher school fees.
In contrast, those who are “trapped” in a poor neighbourhood may face a concatenation of
factors hindering educational achievement. Not least of these factors is that schools in such

areas tend to be under-resourced and of a generally poor quality.

8 Home Observation for Measurement of the Environment.
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Peer effects are an important part of how SES affects educational outcomes through the channel
of school choice. The importance of peers was one of the most significant features of the
Coleman Report of 1966. James Coleman was commissioned to investigate inequalities in
educational opportunity in America. It was assumed that the major differential would be race.
Several unexpected findings emerged in the study. The disparity between spending on black and
white children was found to be less than expected. Secondly, funding did not appear to be a
particularly good predictor of educational achievement. Instead, the home background and SES
of students was strongly associated with achievement. Thirdly, there was evidence of strong peer
effects on learning achievement — specifically, the socioeconomic background of peers had a

large effect.

The Coleman Report espoused the idea that the socioeconomic mix of the student body is an
important school resource, perhaps more important than funding (Kahlenberg, 2001). When the
socioeconomic mix of students in a school is concentrated at the low end a multitude of
problems are common, such as disruptive and anti-school attitudes, a lack of discipline and
phlegmatic attitudes towards attendance. A further reason for the advantage associated with
having affluent peers is that parents may be able to influence school quality through their
involvement in school affairs and the expectations they place on school management and
teachers. Parents of higher SES are generally better able and more motivated to be involved in
these ways. Thus, over and above within-school peer effects, the socioeconomic mix of the

school has a further effect on individual educational outcomes through parent involvement.

Furthermore, within each school more high profile parents, who may be distinguished as such
on the basis of SES, tend to have more influence on school proceedings and their children may
receive favourable treatment. Parent involvement in school affairs can therefore be construed as

another mechanism through which SES affects educational achievement.

A final channel to be discussed here that has some overlap with the issues surrounding school
quality is that of neighbourhood effects. As contagion theories of poverty highlight, when there
is a high concentration of poverty in a community many of the problems that are associated with
poverty tend to spread throughout the community, much like a contagious disease. Such
problems include unsafe streets, a lack of economic opportunities, a high incidence of non-

traditional family structures, the absence of positive role models, a general attitude of
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hopelessness and low self-efficacy.  Curley (2005: 103) explains that “contagion” and
“concentration” theories emphasize how the lack of social capital (social connections and
supports that arise from them) perpetuates poverty in a community. These factors and the
exposure to street norms lead to low self-expectations. William Julius Wilson’s influential theory
of urban poverty in The Truly Disadvantaged espoused the notion of “concentration effects”,
according to which concentrated poverty in a neighbourhood affects individual outcomes,
irrespective of family characteristics (Curley, 2005). A study by Duncan (1994) found that the
affluence of an individual’s neighbour had a significant effect on ultimate educational attainment,

even after controlling for family characteristics such as parent income and education.

In summary, there are numerous channels through which SES can be expected to influence
educational outcomes, although a clean decomposition or separation of these channels would be
near impossible due to the complex interconnectedness amongst them and structural aspects of
poverty. In South Africa such a separation is even harder because of the historical overlap
between class and race. Generations of institutionalised inequality have ensured that the
“hierarchical social structure” of SES was constructed to be on the basis of race. Patterns of
wealth and poverty continue to have strong racial dimensions. Although in recent years a black
middle class has begun to emerge, the vast majority of South Africa’s poor are black.
Characteristics that are associated with SES therefore tend to be associated with race. For
example, non-traditional family structures such as “skip-generation” households, which are
common within low SES groups and have been shown to negatively affect educational outcomes

negatively, are most prevalent among black households in South Africa (Anderson, 2000).

Another factor through which the effect of SES is mediated in South Africa is language. The
national matriculation results together with many other evaluations of achievement in South
Africa consistently show that Afrikaans and English first language speakers perform significantly
better than African language speakers. Sarah Howie (2002), for example, demonstrated that
proficiency in English is a strong predictor of mathematics achievement amongst South African
students. As Taylor e a/ (2003: 54) explain, there are two main reasons for this language effect.
Firstly, to some extent language is capturing the effect of race and SES. Secondly, the language
of instruction in African schools after the first three years of schooling is English. Therefore,
African language students face the disadvantage of having to learn in a language that is not their
first language. Attempting to disentangle class from race and language in South Africa is thorny,

and this is a dynamic that adds complexity to the analysis in this thesis.
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2.3) The effects of home background and school characteristics on educational
outcomes

Studies analysing the effect of SES on education tend to examine one of two outcome variables:
attainment (measured in years of education) or achievement (measured by test scores). The
influence of home SES on educational attainment operates very differently in developed
countries to the case in developing countries. Analysing longitudinal data for the USA, Belley
and Lochner (2008) consider how the effects of family income and ability on years of post-
secondary education have changed since the early 1980’s. They find that family income had a
much greater effect on post-secondary attainment for students graduating in the early 2000’s
than it did for those graduating in the early 1980’s. They suggest that three broad trends have
contributed to this change: increasing returns to skill on the labour market, rising costs of
tuition and greater borrowing constraints facing students. The first of these trends represents a
greater incentive to invest in post-secondary education while the second and third mean that
family income is a more important factor in determining access to post-secondary education. Of
course this study, and others like it, is indicative of the sort of effects that family income or SES
has on education in developed countries. However, the effect of family background operates at

a very different level in developing countries.

Filmer and Pritchett (1999) have presented a rich analysis of wealth gaps in educational
attainment in developing countries. They apply two definitions of a wealth gap in their
investigation. Firstly, they define it as the difference between the proportions in the richest and
the poorest groups that have completed a particular grade. Secondly, they define it as the
difference between the median educational attainment of each group (Filmer and Pritchett,
1999). Their purpose was to investigate how countries were doing in the quest to achieve
universal basic, or even secondary, education, as many countries have explicitly targeted. Using
the first definition, Filmer and Pritchett (1999) showed that in some countries only the poor had
not yet achieved universal primary education, while in other countries much of the middle class
also did not yet enjoy universal primary education. There were only a few countries in their
analysis in which the rich had not yet achieved universal primary education. Median attainment
amongst poor 15-19 year olds in much of central and Western Africa was zero as most of these
individuals did not even complete a single year of schooling. Attainment amongst the rich in
these countries was not very high either with the result that the wealth gaps reported by Filmer

and Pritchett (1999) ranged from only four to six years. South Asia recorded the largest wealth
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gaps with the poor hardly attending school and the rich achieving high levels of attainment. The
wealth gap was largest of all countries in India (ten years), closely followed by Pakistan (nine

years) and Bangladesh (six years).

White (1982) conducted an extensive review of nearly 200 studies in which the relationship
between educational achievement and SES was examined. The measures of SES were almost
always parent income, education or occupation, or a combination thereof. White (1982) found
that amongst studies in which the unit of analysis was individuals, as was most common, SES
was consistently but weakly associated with achievement, the average correlation being 0.22.
Moreover, in these studies SES typically accounted for less than 5% of the variance in
achievement. When the unit of analysis was aggregated the correlation tended to be higher,
averaging at 0.73 (White, 1982: 461). More recently, Buchmann (2000) has replicated White’s
meta-analysis considering studies during the 1980’s and 1990’s. All 38 studies in Buchmann’s
review that focussed on attainment as the outcome of interest found SES to be a significant
predictor. Similarly, she listed 22 studies where achievement was the outcome of interest, all of
which found SES to be significantly associated with achievement. Some of these included
household possessions in the measure of SES, although parental education and occupation

remained the most common measures.

2.3.1) The debate about whether schools make a difference

A major debate exists in the literature regarding how deterministic SES is for educational
outcomes, and conversely, how much of an impact can be expected from school effects. It was
the Coleman Report (1966) that sparked this debate. As discussed earlier, Coleman e# a/ (1966)
argued that the home background of students, and especially that of their peers, was the
overwhelming influence on educational outcomes, rendering schools somewhat impotent in
regard to raising outcomes for poor students. The following paragraph from the Coleman

Report captures this argument well.
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“Taking all of these results together, one implication stands above all: that schools bring
little influence to bear on a child's achievement that is independent of his background and
general social context; and that this very lack of an independent effect means that the
inequalities imposed on children by their home, neighborhood, and peer environment are
carried along to become the inequalities with which they confront adult life at the end of
school,” (Coleman ¢t a/, 1966: 325).

This conclusion was disturbing to educators and educational researchers and it led to a renewed
determination to discover significant school effects. Edmonds (1979) describes how a number
of studies done in the USA during the 1970’s set out to show that schools could indeed make an
important contribution to learning for poor students. Several distinctive features of schools that
were successful at educating poor students emerged from these studies. These included strong
leadership, a climate of expectation with respect to student performance, an orderly school

environment and frequent monitoring of student progress (Edmonds, 1979).

A major contribution to the debate was made by Heyneman and Loxley (1983), who contended
that the “Coleman Report conclusion” about the weakness of school effects was a generalisation
based on only a few of the world’s education systems, namely those in North America, Europe
and Japan. They investigated the relative impacts of “pre-school influences” and school quality
on academic achievement in Asia, Latin America, Africa and the Middle East. Heyneman and
Loxley set forth a case that in low income countries student SES accounted for less of the
variation in achievement than it did in high income countries. Furthermore, they found that the
effect of school quality was greater in low income countries than in high income countries. They
therefore argued that when considering a more representative sample of students from around
the world it is clear that the predominant influence on academic achievement is school quality
(Heyneman and Loxley, 1983: 1162). This finding of weak school effects in high income
countries and stronger school effects in low income countries was very influential and became

known as the Heyneman-Loxley effect in the literature.

Fuller and Clark (1994) conducted a review of about 100 school effectiveness studies on
developing countries. In line with the so-called “Heyneman-Loxley effect”, Fuller and Clark
(1994) concluded that large and consistent school effects were present in three broad areas: the
availability and use of textbooks and learning materials, teacher knowledge and verbal
proficiency, and the instructional time and level of work demanded of students. Fuller and Clark

(1994: 135) suggest that the larger recorded school effects in developing countries than in
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developed countries may be at least partly due to a low initial baseline of inputs. Thus, as the

effectiveness of schools increases, the marginal return to additional inputs declines.

Eric Hanushek (1995) reviewed 96 studies which used education production function techniques
to estimate the effects of various school resources. The results are reproduced in Table 2.1.
Consistent with the “Heyneman-Loxley effect”, the estimated effects were larger for developing
countries. Scheerens (2000: 59), commenting on Hanushek’s (1995) review, attributes the
stronger association between outcomes and resources in developing countries to the greater
variance in the independent and dependent variables in developing countries than in

industrialised countties.

Table 2.1:  Percentage of studies that found significant positive associations with various school inputs

according to Hanushek’s (1995) review

Input Industrialised Countries Developing Countries
(% Significant positive associations) (% Significant positive associations)
Teacher-pupil ratio 15% 27%
Teacher Education 9% 55%
Teacher Experience 29% 35%
Teacher Salary 20% 30%
Per-pupil Expenditure 27% 50%

Source: Hanushek (1995, 1997 — quoted in Scheerens, 2000: 59)

In another review of the school effectiveness literature, Scheerens (2001: 361) estimates that
approximately 15% of the overall variance in student achievement in industrialised countries can
be attributed to between-school differences, after adjusting for student background
characteristics. For developing countries this figure is approximately 30%. For Scheerens
(2001), this proportion is large and therefore promising regarding the potential for school

improvement to influence educational achievement.

More recently the empirical validity of the “Heyneman-Loxley effect” has been challenged.
Baker, Goesling and Letendre (2002) examined data from TIMSS 1994 and found that a greater

proportion of variance in academic achievement was explained by student factors than by school
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quality effects. They argue that the “Heyneman-Loxley effect” is vanishing due to a
strengthening of the link between family SES and the quality of schools that students attend.
Although this trend is well established within developed countries, it is also increasingly
prevalent in developing countries with the spread of basic education, according to Baker ef a/

(2002: 311).

On balance, enough studies have found that schools can make a difference to suggest that the
pessimistic conclusions of the Coleman Report about the impotence of schools to reverse or
reduce student inequalities were too strong. The ability of schools to improve outcomes for low
SES children undoubtedly varies across countries. The extent to which South African schools in

poor communities are able to raise outcomes is one of the central questions in this thesis.

2.3.2) Education Production Function studies in Latin America, East Asia and Africa

The majority of studies in the vast education production function literature have been done for
developed countries, especially the USA. Several studies are reviewed here to give a flavour of
the research that has come out of other parts of the world. Wilmss and Somers (2001) use
HILM’ to investigate the effects of student family background as well as school-level variables in
13 Latin American countries on three schooling outcomes: language achievement, mathematics
achievement and grade progression. They demonstrate that the effect of SES varies across the
countries, from fairly strong effects to more equalised outcomes in the top-performing country,
Cuba. Despite the influence of family background, several school effects were found to be
significant. Low pupil-teacher ratios, well trained teachers, well stocked libraries and more
instructional materials were the school resources that emerged as important in the study.
Classrooms where students were grouped according to ability or which were multigrade had
negative effects. Frequent testing, high levels of parent involvement and a positive learning
environment with good discipline were other positive school effects that came through (Wilmss

and Somers, 2001: 438-9).

Ludger Woessman (2003) analysed the effects of home background and school effects in five
high performing East-Asian countries. Although the five countries all performed exceptionally

well in student achievement evaluations such as TIMSS, Woessman (2003) demonstrates that

 The HLM methodology is explained in Chapter 3.
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there was a significant degree of heterogeneity in the way that family background characteristics
influenced achievement in these countries. For example, student SES had a much larger impact
on achievement in Korea and Singapore than it did in Hong Kong and Thailand. Moreover,
Woessman (2003) found that countries that allowed high SES to favourably affect student
achievement enjoyed higher overall levels of performance. Conversely, Woessman (2003: 29-30)
suggests that countries wishing to equalise performance may only be able to do so at the expense

of the overall level of performance.'’

Woessman (2003) found that variations in class size in Japan and Singapore did not have any
causal effect on student achievement. The data for the other three countries did not permit a
meaningful evaluation of the effect of class size. Woessman (2003) also investigated the extent
to which the high level of achievement in these East Asian countries could be attributed to
various institutional features. In Japan and Singapore students in schools that had the autonomy
to set teacher salaries performed better than students in schools that did not (Woessman, 2003:
28). A favourable effect of the amount of homework assigned was found in certain countries
and subjects, although Woessman (2003: 28) cautions that this may have been partly due to
endogeneity and omitted-variable bias. Lastly, the level of parental interest and involvement in
school affairs emerged as a third institutional feature having a positive impact on student

achievement.

Lee, Zuze and Ross (2005) applied multilevel modelling to 14 African countries using the
SACMEQ II dataset. They computed a composite index for social background using questions
to students about their parent’s education, the type of dwelling they lived in and the presence of
a number of household possessions. The authors found strong links between social background
and reading achievement in all of the countries in the sample. Moreover, in eight of the 14
countries the average social background of schools had a significant impact on student reading
achievement. The authors reported several important school effects, after controlling for social
background and school composition. Flowing from these school effects, Lee ef a/ (2005) offer a

number of policy suggestions: the enrolment size of schools should be smaller; the practice of

10 This argument by Woessman (2003) may appear to contradict the observable pattern that most of the top-
performing countries in surveys such as TIMSS and PIRLS are also relatively equitable in terms of educational
achievement. The appropriate application of Woessman’s point is that in countries, such as South Africa, with a
large proportion of poor children in schools that are performing at low levels an action to reduce the positive effect
of high SES for those top-performing students would probably lower the overall achievement of the system.
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“shifts” should be avoided; physical and human resources should be increased in poor schools;

and grade repetition should be avoided where feasible.

2.3.3) Education production function studies in South Africa

Anderson, Case and Lam (2001) investigated the effects of family structure on educational
outcomes in South Africa. Family structure might well be considered a proxy for SES.
Anderson ez a/ (2001) observed that only 55% of black and coloured 12 year olds lived with both
their parents, and that this figure declined to 50% for 17 year olds. They found that children
living with both parents achieved the best outcomes on three measures: the enrolment rate, the
number of grades completed and educational delays (the difference between the number of
grades completed and the number of years in school). Children living without any parents at
home achieved the worst outcomes, while intermediate outcomes were achieved by those living

with a single mother.

Van der Berg and Burger (2002) used the level of school fees as a proxy for the SES of the
parent body of schools in their investigation of the outcomes of schooling in the Western Cape.
They found that performance differed between schools of varying SES and racial composition,
although the resource allocation variables included in the model were not significantly associated
with school performance. These resource variables included the pupil-teacher ratio, the quantity
of teachers, an index of physical resources and various measures of teacher quality. Van der
Berg and Burger (2002) found that about two-thirds of the variation in school performance was
explained by SES, racial composition and the teacher resource variables. They suggest that two
categories of omitted variables may account for much of the unexplained variation: the level of
basic teaching and learning support materials and the efficiency of school management. This
suggestion is in line with the findings of Crouch and Mabogoane (1998), who also point to

management efficiency as a potentially important omitted variable from their analysis.

Crouch and Mabogoane (1998) concluded that family income was strongly associated with
school performance in the North West and Gauteng provinces. Moreover, they found that a
dummy for the school having formerly been under the administration of the Department of
Education and Training (DET) was negatively associated with performance. They felt that this

dummy was to some extent acting as a proxy for the quality of school management. Moreover,
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Crouch and Mabogoane proposed that the residual (accounting for between 20% and 30% of the
variation in school performance) also contained the effects of differential management
efficiency. Therefore, they estimated that approximately 50% of the variation in school

performance was attributable to the unobserved feature of management efficiency.

Bhorat and Oosthuizen (2000) estimated an education production function for matric results.
They found that certain types of school infrastructure made a significant difference to
performance. These included classrooms, school libraries and computer facilities. As with
Crouch and Mabogoane (1998), Bhorat and Oosthuizen (2006) found that the former
department of education was an important predictor of performance. They also found that

various proxies for teacher quality were significantly associated with performance.

Martin Gustafsson (2007) estimated education production functions using the SACMEQ II
dataset. An important aspect of this study was a comparison of results using Ordinary Least
Squares (OLS) regression with those obtained using HLM."" Gustafsson (2007) established that
physical infrastructure, textbooks and budgets for nutrition were important resources affecting
achievement. Classroom practices that were positively associated with achievement included less
student repetition and a suitable allocation of time between teaching and management. An
interesting methodological aspect of Gustafsson’s study was the decision to analyse a sub-set of
historically disadvantaged schools separately from the entire South African sample. This was
done in recognition of the observation that there are effectively two historically different and
persistently differently performing parts of the South African school system, and factors
affecting achievement may operate differently within each system. The analysis of the
historically disadvantaged set of schools rendered certain effects insignificant that had come
through significantly in the models for the full sample, and highlighted other effects that were
not evident in the full sample models. For example, an additional year of pre-service training for
teachers was associated with better student achievement in the full sample models but not when

the historically disadvantaged schools were modelled separately (Gustafsson, 2007: 94).

Another study also analysing the SACMEQ 1I dataset that made use of a similar division of the

South African school system was done by Van der Berg (2008). This study found that a

1 The results of education production functions using OLS and HL.M are also compared in this thesis in Chapters 3
and 4.
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significant performance advantage was enjoyed by students who lived with their parents, thus
confirming the findings of Anderson ez 4/ (2001), who had found the same in the case of
educational attainment. Van der Berg (2008: 14) also demonstrated that the effect of SES was
non-linear: the impact of SES on achievement was greater at higher levels of SES. An
important contribution of this study is the understanding that school resources do matter in
South African schools, but only conditionally upon other factors. Van der Berg (2008: 153)
argues that school resources do not necessarily make a difference but that the ability of schools
to convert resources into outcomes is the crucial factor, and that this is where policy attention is
required. This view of the impact of resources differs somewhat from the findings of an earlier
and influential study by Case and Deaton (1999), who found a significant effect of pupil-teacher
ratios on educational outcomes on South Africa. Although this study was influential it was based
on 1993 data, and its findings have been questioned (for example by Crouch and Mabogoane,

1998) and have not been consistently confirmed by other studies.

One could summarise the main findings emerging from South African studies as follows: Family
SES underlies a great deal of the variation in educational outcomes in South Africa. Once SES
has been controlled for, additional school resources do not necessarily have a significant impact
on outcomes as this link is conditional upon how effectively resources are used. Management
efficiency is hard to observe but probably accounts for a lot of the variation in South Africa’s

educational outcomes.

2.4) Factors affecting the relationship between SES and educational achievement

Practitioners of HLM, sometimes called multilevel modelling, frequently argue that HLM is more
appropriate than OLS regression when analysing educational data that has a “nested” structure
(students are nested within classrooms). HLM, however, offers a further advantage in that it
allows one to model how the relationship between a student characteristic and an educational
outcome differs across schools. For example, HLM has the potential to identify school factors
that reduce the impact of SES on achievement. As Lockheed and Longford (1989: 6) explain,
“hierarchical analysis allows a major shift in how the effects of organizations on individuals may
be viewed: instead of considering only the effects of organizational characteristics on

organizational means, the effects on relationships are also modeled.”
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2.4.1) International studies

Applying a hierarchical linear model to Canadian data, Willms (1997) found that SES influenced
literacy achievement differentially on the basis of the level of socio-economic integration within
schools. Willms found that in areas where there was a greater degree of socio-economic

integration within schools, the gap between high and low SES children was smaller.

Zuze (2008) estimated a multilevel model for Uganda and found that improvements in the
physical resources of schools served to reduce the disadvantage facing poor students. Although
it would be unjustified to interpret a result such as this as universally applicable, this finding is
indicative of the significance that analyses of the effects of SES on educational achievement,

particularly through multilevel modelling, can have.

Elsewhere, Zuze (2010) estimated two HLMs for Botswana using separate datasets: TIMSS
2002 and SACMEQ 1II. Using the SACMEQ data, she found that more frequent testing was
linked to better performance and to smaller gaps between high and low SES students. Although
the merit of frequent testing is a contested issue, on the face of it this finding represents a
potential way to improve both equity and the overall level of achievement in Botswana’s schools.
Using TIMSS, Zuze (2010) found that students benefited from teachers with higher levels of
education but that rich students gained more from this than poor students. Although teacher
education pronounces the effect of SES on achievement in this way, it would hardly be advisable
to reduce the level of teacher education in order to achieve greater equity as this would mean a
lower level of achievement for all students. The significance of this finding for policy is perhaps
rather that raising the level of education amongst teachers can be expected to lead to higher
overall student achievement, but the gains will be least for poor students. Therefore, conditional
upon cost considerations, policy makers may prefer other means of raising educational

achievement so as to promote equity at the same time.

The study of school effectiveness in 14 African countries by Lee ¢ a/ (2005) has already been
reviewed, and as was mentioned found strong links between social background and reading
achievement. Although this study did use HLM, the authors chose not to explore factors that

might reduce or enlarge the effect of social background on achievement. An opportunity for
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further research is, therefore, to investigate what factors interact with SES to influence

educational achievement in African countries using the SACMEQ surveys.

2.4.2) South African studies

Gustafsson (2007), in his paper comparing HLM with OLS models for South Africa, chose not
to focus on factors that influence the relationship between SES and educational achievement.
Armstrong (2009), on the other hand, set about an HLM analysis using TIMSS 2002 with the
explicit intention of discovering school characteristics that reduced the impact of SES on
achievement. Despite her deliberate approach, Armstrong could not identify any such factors,
although she did establish a strong effect of SES on achievement, as one would expect from

South African educational data.

Van der Berg’s (2008) HLM model for South Africa based on the SACMEQ II data showed that
the relationship between student SES and achievement was stronger in schools with higher mean
SES. Van der Berg (2008: 152-153) considers various possible interpretations of this result.
Mean SES may simply have been acting as a proxy for other influential factors, such as peer
effects, resources or urban residence. Ultimately, Van der Berg (2008) concludes that it was
probably a proxy for all these factors combined. One might add to his conclusions that school
mean SES was probably also reflecting differences in management efficiency — that it was
capturing some of the so-called “management residual” proposed by Crouch and Mabogoane
(1998). As Van der Berg (2008: 153) himself puts it, there is a “large divergence in the ability of

schools to convert resources into outcomes.”

Nevertheless, the finding that at higher levels of school mean SES the impact of student SES
was greater is important, and links to Zuze’s (2010) result that the gains from teacher quality are
greatest for high SES students. This also concurs with Woessman’s (2003) suggestion that
achieving greater equity in educational achievement might often not be compatible with raising
the overall level of achievement. To the extent that a conflict between the objectives of equity
and the overall level of achievement emerges, this area of research takes on a moral dimension.
According to the principles of justice proposed by John Rawls (1971), for example, inequity in

outcomes is no problem if it leads to an absolute improvement in the achievement of the worst-
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off. Yet, the search for factors that might reduce the impact of SES on achievement in South

Africa is still very much open.

2.5) The impact of SES on education: Implications for mobility

Given that SES does impact on educational outcomes and that educational outcomes are
strongly linked to labour market success in most societies, it is clear that the strength of the
relationship between SES and education bears importantly on intergenerational mobility. One
can think of intergenerational mobility as the extent to which movements along the socio-
economic spectrum occur from one generation to the next in a particular society. There are
various ways of measuring intergenerational mobility.  Simply though, the stronger the
association between the incomes of one generation and the next, the weaker intergenerational
mobility is. Mobility, as this measure implies, necessarily involves some climbing up the ranking
at the expense of others slipping down the ranking. A mere churning is not necessarily a
desirable social outcome. What is more important is that the overall level of development
advances over time, and that this improves the life chances of the poor. It is with this caveat in

mind that mobility is considered in this thesis.

Blanden, Gregg and Macmillan (2007: 43) maintain that education is the most obvious
transmission mechanism through which the income of one generation affects that of the next.
Yet there are multiple and interconnected channels, including education, through which
intergenerational transmission of capital occurs. Several economists have offered formalised
models of this process. Becker and Tomes (1979: 1158) propose that “children are assumed to
receive endowments of capital that are determined by the reputation and ‘connections’ of their
families, the contribution to the ability, race, and other characteristics of children from the
genetic constitutions of their families, and the learning, skills, goals, and other ‘family

commodities’ acquired through belonging to a particular family culture.”

Blanden ef a/ (2007) estimate intergenerational income persistence (or immobility) in Britain by
modelling the earnings of sons on the average of their family income at the ages of 10 and 16.
They report a coefficient of 0.32. They then attempt to explain this coefficient by various
proposed transmission mechanisms. To qualify as a relevant transmission mechanism a variable

should be related to both past family income and to labour market earnings. Blanden e# a/ (2007)
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thus account for the coefficient on family income in predicting son’s earnings (0.32) on the basis
of non-cognitive skills, cognitive skills, education and labour market attachment (experiences of
unemployment). They found that non-cognitive skills and cognitive skills accounted for 6% and
7% of the intergenerational mobility coefficient. Education was found to explain just over 31%
of intergenerational persistence. Lastly, labour market attachment explained approximately 9%
of the association. Together, these factors accounted for about 54% of the intergenerational
persistence coefficient of 0.32, leaving an unexplained component of 46%. The large
contribution of education to intergenerational income persistence provides strong grounds for

investigating issues of equity in educational outcomes.

A framework for considering the role of education in the process of intergenerational mobility
was provided by the schematic diagram in Chapter 1 (Figure 1.4). This diagram illustrated that
the SES into which children are born, feeds into their cognitive ability at the start of formal
schooling, and that its effects can still be traced throughout the trajectory of schooling, into the

labour market and ultimately to the next generation.

There is substantial evidence to account for the links between the various stages depicted in the
schematic diagram. Numerous studies have demonstrated that powerful effects of family SES
on the cognitive development of children are observable very early on in life. Feinstein (2003)
has shown that even by the age of 22 months there are considerable differences between the
cognitive abilities of high and low SES children. Feinstein (2003) examined the trajectories of
these children using panel data with test scores at age 22 months, 42 months, 60 months and 120
months, and their ultimate educational attainment at age 26. He established that the test scores
at 22 months were correlated with educational attainment at age 26, although the correlation of
attainment with scores at 42 months was stronger. Feinstein (2003) observed a considerable
amount of upward mobility for high SES children that achieved low scores at 22 months,
especially during the phase between 22 and 42 months of age. High SES children that scored
poorly at 42 months achieved only small improvements in their ranking after that. Amongst low
SES children, those with low initial scores tended to remain near the bottom end of the rankings
at later stages while those with high initial scores were prone to slipping down the ranking,

especially during the phase between 22 and 42 months.
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Figure 2.1 is borrowed from Feinstein’s (2003) study and shows the average rank position in the
distribution of children in the sample at ages 22, 42, 60 and 120 months. Four groups are
tracked in the figure: high SES children with high initial scores, high SES children with low

initial scores, low SES children with high initial scores and low SES children with low initial

scores.
Figure 2.1: Cognitive development of high and low SES' children
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Perhaps the most disconcerting aspect of Feinstein’s (2003) study was that he could find no
evidence that initial inequalities were reduced by entry into the school system. Although
Feinstein maintains that these results do not conclusively point to the best stage to implement
policy interventions, the considerable degree of sorting and mobility that occurs between the age
of 22 months and 42 months on the basis of SES might be taken as an indication that
interventions should be employed as early as possible. Heckman (2006) argues for exactly this,

based on a similar piece of analysis to that of Feinstein’s.
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Heckman (2006: 1901) considers that although much hope is often put in schools to reduce skills
gaps on the basis of SES, the motivations and abilities derived from one’s family background
play a far stronger role in the determination of academic performance than do traditional school
inputs, which are usually the chief focus in policy debates. Heckman (2006) demonstrates this
using a similar figure to the Feinstein (2003) graph shown above. Figure 2.2 shows the average
achievement ranking (score percentile) for different income quartiles at ages 6, 8, 10 and 12.
Note that the same individuals were tracked from age 6 to 12 and the income quartiles were

derived from the average of family income between 6 and 10 years of age.

Figure 2.2: Academic achievement by SES and age
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Citing the data shown above, Heckman (2006: 1901) argues that gaps in achievement are already
stable by the third grade and that schools are very limited in their ability to narrow these gaps
thereafter. According to Heckman, the reason for this phenomenon is the hierarchical nature of
learning with early cognitive development being the foundation for all subsequent learning. As
Heckman (2006: 1900) puts it, “the mastery of skills that are essential for economic success and
the development of their underlying neural pathways follow hierarchical rules. Later attainments
build on foundations that are laid down earlier.” He points out that the track records for various
forms of adult education, such as criminal rehabilitation and adult literacy, are rather dismal. In
contrast, early childhood learning programmes usually enjoy particularly high returns. Heckman

(20006) therefore contends that interventions amongst disadvantaged children will have greater
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impact at earlier ages. Moreover, from the point of view of optimising resources, he argues that
most societies are over-investing in adult education and under-investing in early childhood

development.

Returning to the schematic diagram in Chapter 1 (Figure 1.4), the research by Feinstein (2003)
and Heckman (2006) demonstrates that upon entering school considerable skills gaps already
exist on the basis of SES — what Lee and Burkham (2002) characterise as “inequality at the
starting gate.” The extent to which these gaps widen or narrow during institutional education
will depend on the effectiveness of the school system. This thesis examines snapshots at various
stages of the school process in South Africa and also investigates trajectories from one snapshot
to another. However, the importance of this for economic equity and mobility depends crucially
on the link between snapshots 5 and 6 in Figure 1.4 — that educational attainment and quality
determine labour market success. A substantial literature, including both international and South

Aftican studies, confirms that this is indeed the case.

2.5.1) The “Earnings Function” literature

The work of Schultz (1961) and Becker (1962, 1964) pioneered the human capital model,
according to which education improves an individual’s productivity and this leads to higher
earnings. Following this logic, an extensive literature has sought to estimate the returns to
education by modelling individual earnings on a number of characteristics, including gender, age,
work experience and years of education. This type of model was popularised by Jacob Mincer
(1974) with the result that “earnings functions” are often referred to as “Mincerian functions”.
The vast earnings function literature has consistently demonstrated a strong association between
earnings and years of education, despite a debate about the causality underlying the association. '
Hanushek and Woessman (2007: 2) weigh the evidence and nevertheless maintain that
educational attainment, as well as the quality of schooling, is truly causally related to individual

earnings.

12 Some maintain that individuals invest in education in order to signal their ability to potential employers while
conversely it has been argued that employers use education credentials to screen potential employees. “Signalling”
and “screening” theories can be grouped together as “sorting” explanations of the returns to education and are
usually erected as rival theories to the human capital approach, with varying degrees of mutual exclusivity. For a
discussion of this debate see Weiss (1995).
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A number of earnings function studies have been undertaken for the South African labour
market. Focussing mainly on black South Africans, Bhorat and Leibbrandt (2001) estimated the
impact of education on three separate labour market outcomes: the decision to participate in the
labour market, whether one successfully finds employment and then earnings. This study
demonstrated that education operates differentially at the different phases of the labour market.
Primary and secondary level education was a significant predictor of the decision to participate in
the labour market but not in the employment equation, indicating that while basic education may
increase the probability of labour market participation it is not sufficient to secure a job. Tertiary
education, however, strongly improved the probability of employment (Bhorat and Leibbrandt,
2001: 128). The earnings equation showed that for African people who were employed there
were statistically significant and positive returns to primary education and larger returns to
secondary education, as one might expect. The coefficient on tertiary education was not
significant but this may have been due to the small number of Africans with tertiary education in

the sample, according to Bhorat and Leibbrandt (2001: 128).

Mswabu and Schultz (2000) conducted another earnings function study using 1993 South African
data. They found that despite large inter-race wage gaps, there were particularly high returns to
additional years of education for black South Africans relative to white South Africans. Mwabu
and Schultz (2000: 327) found that returns to secondary education were approximately twice as
large for blacks than for whites: 16% versus 8% amongst males, and 25% versus 5% amongst
females. Returns to additional years of tertiary education ranged from 29-40% for blacks

compared with 14-15% for whites.

Despite these superior marginal returns to education for black South Africans, the overall racial
employment and wage gaps remain telling. Using the 2000 Income and Expenditure Survey and
the 2004 Labour Force Surveys, Burger and Jafta (2006: 3-4) calculated that average earnings for
whites were almost double those of the second largest earnings group, Indians, and more than
four times the average earnings of blacks. Table 2.2 presents the average amounts and

distribution of wage earnings amongst the various race groups in South Africa.
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Table 2.2: Racial decomposition of wage earnings in South Africa

Population group Share of labour Share of wage Wage earnings per
force (%) earnings (%) capita (Rands)
Black 76,3 41,2 2023
Coloured 10,0 9,9 2702
Indian 3,0 6,0 5092
White 10,7 42,9 8484

Source: Burger and Jafta (20006: 4)

The question remains: why do these substantial employment and wage gaps persist in the
presence of an ambitious set of affirmative action policies?  Using Oaxaca-Blinder
decomposition methods, Burger and Jafta (2006) decompose the racial employment and wage
gaps into a component explained by differences in educational attainment and productive
characteristics and an unexplained component. Rather disconcertingly, they find no downward
trend in the unexplained component of the racial employment gap since 1994. Although the
unexplained component in such decompositions is often assumed to represent labour market
discrimination, Burger and Jafta (2006: 20) speculate that this could be due in part to a low
quality of education being received by black workers. As far as the racial wage gap is concerned,
they similarly observe no significant closing of the gap or any downward trend in the
unexplained component. Again, this is suggestive of an important case for improving the quality
of education being received by black labour market entrants. Burger and Jafta (2006: 28) argue
emphatically that, “any policy aimed at addressing the wage gap by focusing only on the labour
market while neglecting to correct the inequalities in the educational system will necessarily fail

to provide a sustainable solution to this problem.”

Burger (2009) has attempted to estimate the role of school quality in the unexplained component
of Oaxaca-Blinder wage decompositions. The index for school quality he proposed accounted
for approximately half of the unexplained component of the racial wage gaps in South Africa.
He therefore suggests that a great deal of what is commonly assumed to be labour market
discrimination in fact represents another form of pre-labour market inequality. The impact of
education quality, as opposed to simply years of schooling, on labour market performance in

South Africa still requires further research.
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Another important finding that has emerged from South African earnings function studies is that
there is a convex structure of returns to education. This runs contrary to the traditional human
capital model which predicts diminishing marginal returns to additional years of education. Both
Lam (1999) and Keswell and Poswell (2002) have demonstrated that the returns to primary
education in South Africa are very low and that strongly increasing marginal returns accrue at

higher levels of education.

Lam (1999) explored the relationship between schooling inequality and income inequality in
South Africa and Brazil, generally considered two of the most unequal societies in the world.
Using earnings functions, he came to the unsurprising finding that schooling explained a great
deal of the variation in earnings in both countries. More interestingly, Lam considered that a
reduction in schooling inequality would not necessarily lead to a parallel reduction in income
inequality. This perhaps surprising assertion is in fact a logical implication of convexity in the
returns to education.” As Lam (1999: 23) argues, a large improvement in mean educational
attainment will not necessarily affect the variance of schooling substantially. Appreciable returns
on the labour market will still only be enjoyed by those at the top end of the educational
distribution, leaving income inequality chiefly unaffected. Lam (1999: 23) observes that South
Africa has had substantially less educational inequality than Brazil, but that this has not translated
into a more equal income distribution. This is chiefly because of the convex structure of returns

to education.

Similarly, Keswell and Poswell (2002: 20-21) consider some of the implications of convex returns
to education for inequality. In the South African context, where there is a significant cost
attached to acquiring education (especially at the higher levels), disparities in household wealth
(and SES) determine who is able to reach the level of education that is high enough to be
rewarded on the labour market. One implication of this scenario is that talented individuals from
poor backgrounds might make a fully rational decision to drop out of school fairly early on,
simply because the opportunity cost of attending primary and most of secondary school is
greater than the returns such levels of schooling are likely to secure. With superior returns at
higher levels of education, the rich have a greater incentive to acquire education than do the

poor, thus reinforcing inequality. Given this convexity, Keswell and Poswell (2002: 20-21)

13 Convexity in this context refers to the phenomenon that the marginal returns to additional years of education are
increasing with years of education.
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suggest that educational reforms and small-scale interventions are likely to have a negligible

impact on income inequality.

2.5.2) South African studies on mobility

A doctoral thesis by Thomas Hertz (quoted in Solon, 2002) examined the contemporaneous
association between the reported earnings of South African fathers and their sons. The study
was limited by the fact that the sample consisted of fathers and sons that lived together and that
a short run measure of earnings was used. Despite this, Hertz found a sizeable intergenerational
elasticity estimate. Solon (2002: 64) maintains that this result is consistent with the expectation

that intergenerational transmission of wealth is high in developing countries.

Other studies of intergenerational mobility define it as the extent to which family background
(household income and parent education) can explain the schooling gaps of children. Thomas
(1996: 332) made the case that intergenerational mobility, as defined by the influence of parental
education attainment on child attainment, was higher among black and Indian South Affricans
than among the white and coloured race groups. He also argued that mobility had increased
amongst black people born since 1950 and that this was evidence of a loosening in South African

society even before apartheid had been dismantled.

Burns (2001) examined schooling gaps in the KwaZulu-Natal province using panel data from
1993 and 1998. She found that both household income and parent education were important
determinants of schooling gaps, although the effect of parent education was more substantial.
Interestingly, this study found that having a poorly educated mother and well educated father

was as beneficial as having two well educated parents.

Van der Berg, Louw and Yu (20006) also examined intergenerational mobility in South Africa as
proxied by the impact of parental educational attainment on child attainment. Although they
present evidence of declining inequality in educational attainment since 1970 due to increases in
attainment amongst black, coloured and Indian people, they show that parental education

continues to be a powerful influence on attainment, thus constraining mobility.
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Solon (2002) suggests three reasons why one country may have a higher steady state
intergenerational elasticity (i.e. less mobility) than another. It may be due to greater heritability,
for example owing to “assortive mating” (where people marry or partner with others with similar
characteristics, such as SES). Secondly, Solon (2002: 65) maintains that higher earnings returns
to education may cause greater intergenerational elasticity. Thirdly, the extent to which public
spending is progressive may influence mobility. Corak and Heisz (1999, quoted in Solon, 2002:
65), for example, have suggested that progressive public spending in Canada has contributed to

greater mobility in that society.

Applying Solon’s three possible factors affecting mobility to South Africa, one might expect the
high level of progressive government spending, including on education, to contribute strongly to
greater mobility. However, despite the progress that has been made with respect to fiscal equity,
several economists studying education have recognised that increased inputs have not translated
well into equity of educational outcomes (for example, Van der Berg, 2002; Fiske and Ladd,
2004). Moreover, South Africa has a high degree of assortative mating. Based on calculations
from the Community Survey of 2007, it was estimated that the correlation between own
educational attainment (years of education) and that of partners was 0.86. Substantial labour
market returns to education are available to those who persevere to the high secondary and
tertiary levels, while returns to additional years of primary and secondary schooling in South
Africa are low. This convex structure of returns means that improvements in the mean level of
education may not necessarily lead to a decrease in inequality, as Lam (1999) has observed. More
extensive improvements in the educational outcomes of poor children may be required before

greater equity and mobility is experienced.

Given a high level of assortative mating, progressive but largely ineffective education spending
and a convex structure of returns to education, the extent to which educational inequalities are
aligned with SES is a good indication of the prospects for future mobility in South Africa.
Ultimately what is at stake is the country’s economic development, which is concerned with
raising the living standards of the whole population, especially for the poor. Against the
backdrop of this theoretical framework, this thesis examines the influence of SES on educational
achievement in South Africa. But first it is worth noting that numerous authors are explicitly

critical of the role of formal schooling in social mobility.
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2.5.3) Critical perspectives on the role of schooling in social mobility

Thomas Piketty (2000) argues that debates about the role of schooling in development and
mobility have been subordinate to a broader intellectual conflict between the “liberal theory of
industrialisation” and Marxist or socialist theories. According to the liberal theory, free markets
are characterised by rationality, efficiency and openness that promote personal freedoms and
material prosperity, including rising mobility. In Marxist theory, capitalist societies are
characterised by class reproduction, which is fostered by institutions such as schooling. Carnoy
(1982: 81) summarises the Marxist view: “children go to school at an early age and are
systematically inculcated with skills, values, and ideology which fit into the type of economic
development suited to continued capitalist control.” Underpinned by variations of this view,

numerous “reproduction theories” of schooling emerged during the 1970’s and 1980’s.

One of the most influential works in this tradition was Schooling in Capitalist America by Bowles
and Gintis (1976). They proposed a “correspondence principle”, which held that social
interactions and rewards in school were structured so as to replicate the working environment of
a capitalist system. This would socialize individuals to be compliant whatever their position in
the economy. Other critical theorists have emphasized that reproduction through schooling is
not only economic but also cultural. Callewaert (1999: 140) explains that the sociology of Pierre
Bordieu went beyond merely describing the way social inequalities are reproduced through
educational inequalities. According to Bordieu, there is an illusion of justice and merit in
schools. It is not a fair competition because middle class culture is taught, which is more easily
assimilated by children who have inherited a middle class culture at home. Basil Bernstein (1982)
also saw the deterministic tendencies embedded in school systems and was interested especially
in the relationship between the economic and cultural aspects of reproduction. For Bernstein, a
complex system of codes and social rules that operate in schools serves to position individuals
within the division of labour and cultural milieu, influenced by SES but also by factors such as

gender and ethnicity.

At their extremes, both liberal and Marxist theories have now been largely discredited. The
considerable rise in living standards experienced in capitalist countries stands in stark contrast to
the resounding failure of communist systems of government based on central planning. The

ultimate collapse of the Soviet Union “concluded a vast experiment,” as Alan Greenspan (2007:
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141) put it — “the long-standing debate about the virtues of economies organized around free
markets and those governed by centrally planned socialism is essentially at an end... the verdict
on central planning has been rendered, and it is unequivocally negative.” On the other hand,
more decentralised economies have not delivered a great rise in mobility and social inequalities
have undoubtedly been reproduced, to varying extents. Bowles and Gintis (2002a) have revised
their earlier work in the light of what is now known about economic systems. They concede that
an alternative economic system may not be feasible but rather that reforms to capitalism may be

the best framework for pursuing economic and educational objectives."*

The next chapter examines the extent to which the school system in South Africa is likely to
contribute to real opportunities for upward mobility amongst the poor. The level of educational
achievement reached amongst poor children from disadvantaged backgrounds is one indicator of
the contribution of the education system to future mobility and economic development. The
focus on test scores as an outcome of interest through much of this thesis does not reflect a
value judgement that “only that which is measurable is important,” an assumption that Apple
(2005: 11) cautions against. A high quality education contributes to the expansion of human
capabilities in many more ways than merely economic success, as it was contended in Chapter 1.
Yet, literacy and numeracy skills are rewarded in the South African economy and in the global
economy. Attaining these skills does therefore represent one channel to expand human
capability and economic development. This is not to say that these forms of knowledge and
skills are intrinsically superior to other knowledge such as indigenous knowledge. It is also
beyond the scope of this thesis to outline or argue for the most desirable economic system. It
has been considered, however, that a reasonable weight of evidence suggests that the historical
expansion of an economy based on decentralised cooperation has spread many benefits
throughout the world. This thesis proceeds on the basis that the more people that can be

included in this process of development through acquiring marketable skills the better.

4 It is important to distinguish liberal and Marxist theories as frameworks for interpreting social and economic
phenomena from liberal and Marxist blueprints of how the economy should be organised. At their extremes, the
latter have been discredited, but this does not invalidate the concerns of critical education theorists. It does,
however, affect how one responds to the problems identified by critical reproduction theories of education. Instead
of viewing the matrket economy as the fundamental problem, reforms to schooling that promote greater equity can
take place within the context of a society characterised by decentralised cooperation. This is essentially the
realisation of Bowles and Gintis (2002a).
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CHAPTER 3: SOCIO-ECONOMIC STATUS AND READING ACHIEVEMENT IN
SOUTH AFRICA"®

3.1) The Progress in International Reading Literacy Study (PIRLS 2006)

This chapter examines equity in South Africa’s educational achievement, and specifically the
association of reading achievement with SES, by drawing on the PIRLS 2006 survey. This
survey is one in a in a tradition of large-scale sample surveys of educational achievement that
have been conducted by the International Association for the Evaluation of Educational
Achievement (IEA), including the first round of PIRLS in 2001 and three rounds of TIMSS',

which have been the subject of considerable educational research.

The chief objective of PIRLS was to provide countries with information about reading
achievement in primary schools that would be relevant to policy and classroom practice. To this
end PIRLS surveyed reading achievement amongst fourth grade students in 40 countries. The
two education systems within Belgium were analysed separately and the five provinces of Canada
were also independent participants. There were thus 45 participants in total. Altogether over
215,000 students in approximately 7,700 schools were surveyed.”” Only two African countries
participated in PIRLS 2006 — South Africa and Morocco. The South African sample included
14,657 students in 397 schools. It is important to note that in South Africa and New Zealand
testing was administered to students in grade 5 instead of grade 4. In the case of South Africa,
the IEA cited the challenging context of having multiple languages of instruction as the reason

behind this decision."™

The reading test could be written in the preferred language chosen by each school. In the case
of South Africa the test was available in all 11 official national languages. The numbers of
students writing in each language is shown in Figure 3.1. English was the most common

language chosen, yet it is likely that a large proportion of this group were not mother-tongue

15 The author is grateful to Derek Yu for initial work on the PIRLS data. The first dissemination of the research in
this chapter was a joint paper (Taylor and Yu, 2009).

' The three waves of the Trends in International Maths and Science Survey were released in 1995, 1999 and 2002.

17" A set of weights was provided to ensure that the sample could be scaled up to be representative of actual
population size so that subgroups are proportionally represented. Therefore, where appropriate, the total student
sampling weight called “totwgt” was applied in the analysis in this chapter.

18 It would perhaps have been better to test grade 4 students in South Africa and treat the issue of multiple
languages of instruction as one factor contributing to educational achievement, rather than to somehow build this
into the design of the survey.
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English speakers but that the schools nevertheless felt it was the most appropriate language in

which to be tested.

Figure 3.1: Frequency distribution of the South African PIRLS sample by language of the test
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In addition to testing the reading achievement of students, a wide range of information on
student and school characteristics was collected. In total, six survey instruments were
administered including the reading test booklet. A student questionnaire captured demographic
information as well as information about home background and school activities. Another
questionnaire was sent home with children for their parents or guardians to complete. This
focussed on the type of educational support and literacy activities available to students at home.
The school, teacher and curriculum questionnaires captured institutional information at the

school level.

A fairly complex procedure was followed in the calculation of the overall reading scores. PIRLS
wanted to test students on 126 assessment items. However, the estimated time this would take a
student to complete is 400 minutes. In order to deal with this, items were divided into 10 test
blocks. These ten blocks were then distributed across 13 test booklets — two blocks in each
booklet — with as many different combinations of blocks as possible. Using Item Response
Theory (IRT), the scores were then imputed as if the students had answered all 126 items. This
inevitably leads to a small degree of error. Therefore, in order to provide researchers with some

indication of the bias this imputation causes, five different plausible values were imputed. The
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reading scores presented and used for analysis in this chapter were calculated by taking the mean
of the 5 plausible values. The reading scores were set by the IEA to have a scale average score

of 500 across the countries and a standard deviation of 100.

The reading test booklets consisted of short passages of text accompanied by a set of
comprehension questions. The questions were in either multiple choice or constructed response
format. Educational experts identified four points on the reading score scale as benchmarks
corresponding to various levels of proficiency in reading and comprehension. Table 3.1 shows
the four benchmarks and provides a very brief description of the level of ability required to
achieve each benchmark. A much more extensive description is to be found in the official

PIRLS documentation (Mullis ez 2/, 2007).

Table 3.1: Description of International Benchmark scores in PIRLS

Benchmark Score | Description of demonstrated proficiency

Able t ise detail and ke inf
Low International Benchmark 400 .e © recogms? ctatl and make tnferences
plainly suggested in the text.

] ) Able to make basic connections between
Intermediate International Benchmark 475 . .
details, events and sequences in the text.

. . Able to interpret, evaluate and integrate details
High International Benchmark 550 p ’ _ &
and abstract ideas and substantiate these.

Able to int t lex inf ti d
Advanced International Benchmark 625 € .O tnterpret: comp ?X .1r1 ormation an
figurative language and to justify preferences.

Source: Summarised from Mullis ef @/ (2007)

3.2) Overview of PIRLS 2006 country performance

The top-performing participant in PIRLS 2006 was Russia with a national average reading score
of 565. On the other end of the spectrum, the worst performing participant was South Africa
with a national average score of 302. This score is effectively two standard deviations below the
international mean and one standard deviation below the low international benchmark. This
result is not out of line with other international surveys of educational achievement in which
South Africa has participated. In TIMSS 2002 South Africa registered the lowest mean scores in
both grade 8 mathematics and science achievement, also about 2 standard deviations below the

mean of the participating countries. In the SACMEQ II survey of grade 6 mathematics and
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reading achievement in 14 Southern and East African countries, South Africa performed at a
level slightly below the mean for the region. The low overall level of achievement demonstrated
by South African children is in itself a motivating factor for an investigation into the association
of SES with educational achievement in this country. Figure 3.2 presents the mean reading
scores for all the participants in PIRLS as well as the mean scores for high income countries,
upper-middle income countries and lower-middle income countries according to World Bank

. . 1
classifications."’

Figure 3.2: Mean country reading scores in PIRLS 2006
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An alternative way of describing the overall results is provided by Figure 3.3. This shows the
percentage of pupils in each international benchmark category. Singapore and Russia have the
greatest proportion of students in the top international benchmark category (19.4% and 18.9%
respectively). In contrast, the countries with the largest percentage of students failing to reach
the Low International Benchmark category are South Africa (77.8%), Morocco (74.3%) and
Kuwait (71.8%). Children not attaining the low benchmark should be considered a vulnerable

group as they are unable to recognise and reproduce even simple information in a text. Kathleen

19 A more detailed table of the overall PIRLS results is provided in Appendix A.
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Trong (2009: 104) suggests that children scoring less than 400 in PIRLS are “at serious risk of

not becoming literate.” Nearly 80% of South African children find themselves in this vulnerable

position.

Figure 3.3: Percentage of students below each benchmark score by country
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In Figure 3.4 the distributions of reading scores for South Africa and the three income categories

of countries are portrayed using kernel density curves.” As the figure shows, the distribution of

reading scores for South Africa lies far to the left of the other distributions, even in comparison

with the lower-middle income group.2

' This reflects the fact that the bulk of South African

children are performing at a very low level. As South Africa fits into the upper-middle income

category it can be said that reading achievement in this country is considerably lower than what

would be expected given per capita income. The other noteworthy difference with South Africa’s

20 A kernel density curve can be thought of as a smoothed version of a histogram. For an explanation of kernel
density curves see Appendix B.
2l It may seem surprising that the Kernel Density Curve for the high income group lies slightly to the left of that for
the upper-middle income group. This result is largely attributable to the poor performances of Qatar and Kuwait —
both high income countries.
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kernel density curve is that it is much flatter, especially on the right hand side of the distribution.
This indicates that although the bulk of performance is very low there are also groups of
students performing at substantially higher levels. This is evidence of the well-known
educational inequality that persists in South Africa. Indeed, South Africa has the highest

variance and standard deviation (136) of all the participants in PIRLS 2006.*

Figure 3.4: Kernel density curves by country income groups
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The great variation in reading scores for South Africa is again demonstrated in Figure 3.5. Here
the countries are arranged by the size of the difference in reading scores between the 5" and 95"
percentiles. The lower limit of each country’s bar is the reading score at the 5 percentile and
the upper limit of each bar is the reading score at the 95" percentile. The 50" percentile is also
indicated within each bar. It is evident that the low performers in South Africa are performing
worse than the low performers in all the other countries. The reading score at the 5" percentile
for South African students is 108. Considering that the international average is set at 500, that

the Low International Benchmark value is 400, and that many of the test questions were in

22 Recall that the overall average standard deviation was set at 100.
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multiple choice format, this result indicates that a not insignificant proportion of grade 5
students enrolled are effectively illiterate. Moreover, South Africa exhibits the greatest difference
between the 5" and 95" percentiles, suggesting that educational achievement is inequitably
distributed by international standards. It is also interesting that the gap between the median and
the 95" percentile spans nearly 300 points for South Africa, pointing to the reality that the top-
performing part of the education system is doing far better than the less well-performing part,

which is the majority.

Figure 3.5: 5, 50" and 95" percentiles of reading achievement by country
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The degree of equity in educational achievement in any particular country or group can also be
expressed as the ratio of the average score of the top-performing 20% relative to that of the
bottom-performing 20%. These ratios were calculated for a selection of countries in PIRLS and

are reported in Figure 3.6. South Africa is again an outlier amongst the countries in PIRLS, with
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the average score for the top 20% being more than three times higher than that of the bottom
20%.

Figure 3.6: “T'op 20%: Bottom 20% " reading achievement ratios by conntry

3.5

S I >0V €g PSR OURTW S ISR & T T o M0 & M < 0O
EECf R E e e Y e E8EERELEERES S S
2 §S 0S5 o8 NOOEEN‘”>U@JQ«FUO.EN"Q gHNDuU
ST EME T AT S 2RSS ERg i b pE AR EE SO S ¢
<m®bﬂ>—< .t:EONZO E‘Q U)B&Ué Dm@ "Uo
@g ,4%2% ~ = %s A a Ez

= 3 “ 3

This overview of country performance in PIRLS 2006 indicates that reading achievement
amongst most South African children is at a very low level and that the distribution of
achievement is highly inequitable by international standards. This does not necessarily imply
anything about the association of SES with educational outcomes, although the question will
surely arise in the mind of a curious observer. This is the major focus of the forthcoming

analysis.

3.3) Measuring SES in educational surveys such as PIRLS

An important methodological issue permeating much of the analysis presented in this thesis is
the derivation of a measure for SES. Large surveys of educational achievement such as PIRLS,
TIMSS and SACMEQ typically do not contain information about household income or
expenditure. Students can certainly not be expected to provide reliable income or expenditure

information. Even in household surveys in which each household is visited it is difficult to
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collect income data accurately. There are also problems posed by factors such as non-response
that is not random and by the complexity introduced by multiple sources of income. These
considerations, together with the fact that income is subject to short term fluctuations, have the
effect that analysts often prefer to use consumption or expenditure data as a proxy for SES, even
when income data are available. However, the collection of consumption or expenditure data
also carries a fairly heavy burden of time and cost. Although in PIRLS a questionnaire was sent
home with students for parents or guardians to complete, no question regarding income or

expenditure was included.

It is increasingly common to construct an asset-based index of SES when the data are suitable.
This is possible using surveys such as PIRLS, TIMSS and SACMEQ), where questions are asked
regarding the presence of certain household items at each student’s home. Filmer and Pritchett
(2001) set forth a strong case that asset-based classifications of households correspond closely to
classifications by expenditure, and that asset-based indices are in fact better at predicting
educational attainment than are expenditure data. One reason for this is that the presence of
household assets is a more stable indicator than income or expenditure and therefore a better
proxy for SES, which is fairly unresponsive to short-term household income shocks. This is a
reassuring finding from the point of view of investigating the effects of SES on education using
surveys of educational achievement, where income and expenditure information is typically

unavailable.

In PIRLS there are three sets of variables that are suitable candidates to proxy for SES. The first
is a set of questions in the student questionnaire asking about the presence of ten items at home.
The first six items were the same for all countries in PIRLS, while the last four items were
country-specific in order to ensure a suitable amount of variation within each country. The ten
items for South Africa are displayed in Figure 3.7 together with the proportion of the South

African sample that reported having each item at home.
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Figure 3.7: Proportion of South African students having certain housebold assets in PIRLS
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A second variable that is available in PIRLS and that is commonly used to proxy for SES is the
highest educational attainment of each parent. The information on mother’s education can be
combined with that for father’s education to form a single variable for the highest educational
attainment of either parent. The proportion of parents fitting into each category of educational
attainment for South Africa is depicted in Figure 3.8. A striking feature of the figure is that there
is no information on parental education for over 40% of the South African sample. This high
rate of non-response detracts from the suitability of this variable to feed into a measure of SES.
Otherwise, the distribution of attainment is in line with what one would expect in South Africa —
for example, there is a large concentration at the matric level, which has traditionally been and

remains a significant threshold in South African education.
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Figure 3.8: Highest educational attainment of either parent (South Africa)
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Parent occupation, another commonly used proxy for SES, was also enquired about in PIRLS.
The South African sample, however, was again plagued by a very high rate of non-response: no
information is available for over 53% of the sample. Figure 3.9 shows the proportions of South

African parents in PIRLS fitting into each occupational category.

Figure 3.9: Occupational status of parents (South Africa)
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When constructing a single index from variables such as those described above, a decision needs
to be taken about how to weight each variable in the index. A simplistic approach would be
merely to sum the variables, thus attaching equal weight to the variables if they had identical
coding. The shortcomings of such an approach are immediately apparent. For example, it is
likely that an asset owned by 98% of households would be less useful in differentiating SES than

an asset that is owned by 50% of households.

The solution to the question of weighting applied when constructing SES indices in much of this
thesis is to use Principal Component Analysis (PCA). This technique attaches more weight to
the variables that are less equally distributed, i.e. the greater the standard deviation of the variable
the greater the weight it is given in PCA (Vyas and Kumaranayake, 2006: 461). In PCA the range
of variables is analysed so as to extract those linear combinations of the variables that capture the
most common information (Filmer and Pritchett, 2001: 6). Each linear combination or
“principal component” is orthogonal to the others, thus capturing different dimensions in the
data. The first principal component explains the most variation in the data with successive

components explaining additional but less variation (Vyas and Kumaranayake, 2006: 460).

Assuming a set of vatiables, X1 to Xp, each principal component takes the form of equation (3.1):

PCm:Wm1X1+szXz+---+Wman (31)

where, W is the weight for the #th variable within the th principal component (adapted from

Vyas and Kumaranayake, 2006: 460). In this analysis only the first principal component (PCy) is
used for the construction of an index for SES. This is based on the assumption that the concept
underlying the linear combination with the most common variation amongst the household
possessions, parent education and parent occupation variables is SES. Put differently, it is
assumed that the SES of each student’s family causes the majority of the variation in these

variables. The first principal component is thus given by:

PC1:W11X1+W12X2+"'+W1nXn <32)
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The weights derived from the PCA are applied to the following formula for the overall SES

index for each household #

W11* ‘(u - X1;+ . Wi, * ‘(in B Xn/ (33)

Lt

SES=T S,

where Wy1 is the weight awarded to the first variable within the first principal component as

determined in equation (1), X;; is the value household :/ takes for variable 1, X, is the mean value

of variable 1 for all households, and S; is the standard deviation for variable 1 over all

households (adapted from Filmer and Pritchett, 2001: 6).

For the purposes of analysis, two competing indices for SES were derived and considered for
use. The first was derived from PCA on only the household items variables while the second
was derived by applying PCA to parent education and parent occupation. The criteria for choice
between these two indices were in the first instance, the suitability of each index for analysis of
the South African sample and, in the second instance, the suitability of each index for the
analysis of the cases of Russia, Morocco and the USA. The latter consideration arises because
these countries were selected for comparative analysis against South Africa, as presented in the
following section. Russia was chosen because it was the best performer in PIRLS 2000.
Morocco was selected due to its similarity to South Africa in that it was the only other African
participant in PIRLS and that it registered the second lowest average achievement after South
Africa. The USA was chosen for comparison because much is already known about educational
outcomes in the USA, in particular that educational outcomes vary substantially with SES (e.g.

Willms, 2004).

The use of the SES index based on the educational attainment and occupation of parents has
three major disadvantages. Firstly, there is no information on parent attainment or occupation in
the case of the USA, effectively relegating this country from analysis if this measure of SES is
used. Secondly, as suggested by Figures 3.8 and 3.9, more than half of the South African sample
is lost due to parent non-response. To some extent this can be dealt with in the case of parent
education by imputing the mode of parent education within each school. This is justifiable for
South Africa where highly variable school fees means that family SES is a driving factor in

school selection. However, no such imputation seemed justifiable to deal with non-response on
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occupation.  Thirdly, applying PCA to parent education is a contentious process with a
methodological decision needing to be taken on how the parent education variable should be
coded when entered into PCA. Appendix C describes these issues and the derivation strategy

that was ultimately adopted.

The two indices were thus derived for South Africa, Morocco and Russia. Note that for the
purpose of comparison both indices were derived using only those observations for which
parent occupation information was available. Table 3.2 reports the correlations amongst the
competing indices once they have been ranked into percentiles and student reading score for

each country.

Table 3.2: Correlation coefficients amongst competing SES' indices and student reading score

South Africa Morocco Russia
SES1 — SES2 0.36 0.33 0.28
SES1 — Reading score 0.55 0.15 0.20
SES2 — Reading score 0.51 0.30 0.32

Note:  SES1 = SES index based on ten household asset variables

SES2 = SES index based on parent educational attainment and occupation

Moderate correlations between the two SES indices were obtained for all three countries, with
the highest for South Africa. The asset-based SES index displayed a somewhat higher
correlation with reading achievement than did the parent attainment and occupation index for
South Africa. However, in Morocco and Russia the latter index was more closely correlated with
reading achievement. This presents a case for the use of parental education and occupation in
these two countries, although perhaps not one strong enough to contend with the disadvantages
described above. Further consideration of the merits of the two measures of SES is presented in

the next section on socio-economic gradients.

3.4) Socio-economic gradients

A socioeconomic gradient is a graphical representation of the relationship between SES and a

particular outcome of interest, such as health or education. Willms (1997, 2004) and Ross and
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Zuze (2004), amongst others, have recently applied variations of this technique to portray the
effect of SES on educational achievement. In order to create a simple linear socio-economic
gradient one plots the estimates derived from an Ordinary Least Squares (OLS) regression

equation with the following form:

n

Yi= [}0+ 2}1 SES, (3.4)

n n n

Where Yi is the outcome of interest, f; is the intercept and S, is the coefficient on the proxy

for SES, which determines the slope of the line once plotted. When running an OLS regression
of this form for South Africa using the PIRLS reading scores and the asset-based index for SES

(derived with PCA and divided into percentiles) the following estimates were obtained:

Yi =198.49 +2.08* SES,

The interpretation of this is that a one percentile increase in SES is associated with an increase in
the expected reading score of 2.08 points. The basic socio-economic gradient for South Africa

using these estimates is presented in Figure 3.10a.

According to Willms (2004: 7), three aspects of socio-economic gradients provide interesting
information about the relationship between SES and educational achievement. The /ewe/ or
height of the line captures the overall level of performance for the education system. The s/gpe
indicates the extent to which reading scores vary with SES. The slope is therefore a measure of
the educational inequality associated with SES. As already mentioned, the slope coefficient of
2.08 means that for every one percentile increase in SES the predicted reading score increases by
2.08 points. The strength of the gradient refers to how much of the variance in reading scores can
be attributed to SES. The R-squared statistic is a commonly used and simple indicator of the
strength of the relationship. This value is 0.2256 suggesting that about 22% of the variation in

reading scores is due to SES when it is entered linearly into an OLS regression.
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The significance of the South African socio-economic gradient is better understood in a
comparative perspective. For this purpose, socio-economic gradients were constructed for three
other countries using the same procedure. Principal Component Analysis of the ten household
item variables (including four country-specific items) was used to generate an SES index for each
country. Fach index was then divided into percentiles within each country. This means that the
SES rankings on the x-axis are not directly comparable across the countries, i.e. a South African
with median SES and an American with median SES are not equally affluent, but they do occupy
the same position relative to others within their respective societies. The gradients for Russia,
Morocco and the USA are presented alongside the South African gradient in Figure 3.10b. The

estimates and regression statistics are presented in Table 3.3.

The first striking feature of Figure 3.10b is that the levels of the gradients are significantly higher
for Russia and the USA than for Morocco and South Africa. This reflects the large gap in the
overall level of performance between these countries as Figure 3.2 has already demonstrated.
Secondly, South Africa has by far the steepest gradient. The USA is next with a slope coefficient
of 0.79. This means that a change in the SES ranking in South Africa is associated with a much
greater change in the expected reading score than is the case for the same change in SES ranking
in the other countries. Thirdly, the strength of the relationship between reading achievement
and SES is greatest for South Africa, as indicated by the R-squared statistics. These values were
low for Russia and Morocco, indicating that very little of the variance in reading scores is
attributable to differences in SES. The R-squared statistic was somewhat larger for the USA,
where approximately 10% of the variance in reading scores was accounted for by SES under this
model specification. This is consistent with research by Willms (2004: 8), who found that the
strength of the SES gradient for the USA was significantly greater than that for Canada. It is
significant, then, that the strength of the relationship for South Africa appears to be more than

twice that for the USA.

To summarise, South Africa registers the lowest overall level of reading achievement in PIRLS.
It also has the highest variance in achievement of all the countries. Comparatively speaking,
reading achievement varies widely with SES in South Africa. Moreover, SES explains more of

the overall variance in reading scores in the case of South Africa than elsewhere.



Figure 3.10a: Basic SES gradient for South Africa
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Figure 3.10b: SES gradients in International Comparison
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Table 3.3: Estimates and regression statistics for socio-economic gradients by country

South Africa Morocco Russia USA
Intercept 198.49 298.46 542.08 501.27
Coefficient on SES percentile ~ 2.08 0.51 0.45 0.79
t-statistic 065.34 9.30 14.06 23.30
p-value 0 0 0 0
R-squared 0.2256 0.0259 0.0402 0.0947
Observations 14657 3249 4720 5190
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3.4.1) Sensitivity of socio-economic gradients to alternative specifications of SES

In order to gauge the sensitivity of the socio-economic gradients to the measure of SES used, the
same procedure of generating linear gradients was applied for Russia, Morocco and South Africa
when using the measure of SES derived from parent educational attainment and occupation.
Alternative gradients could not be estimated for the USA because no information on parent
education or occupation was available for this country. Figure 3.11a shows the gradients based
on the original asset-based measure of SES and Figure 3.11b shows the gradients based on the
alternative measure of SES. For the sake of comparison, both sets of gradients were calculated
using the same sample of students for whom parental occupation information was available,
making the gradients and regression statistics different from those in Figure 3.10b and Table 3.3.
The changes were most noticeable for South Africa because the sample size was roughly halved

due to missing data on parent occupation.

It is clear that the overall picture when comparing the gradients for South Africa, Morocco and
Russia is remarkably similar for the two competing measures of SES. For South Africa more of
the variation in reading achievement is explained by the asset-based SES index than by the
parent education and occupation index. This, combined with the large loss of sample size
incurred when using the latter index, means that the asset-based SES index is definitely
preferable for analysis on South Africa. However, the parent education and occupation index
appears more appropriate for Morocco and Russia. More of the variation in reading
achievement amongst Moroccan and Russian students is explained by this measure. The slope
coefficients also increase in size when using the parent status index — it doubles for Morocco
(from 0.48 to 0.96) and nearly doubles for Russia (from 0.44 to 0.79). Despite this, the slope

coefficients remain small in comparison with South Africa.
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Figure 3.11a: Gradients using SES index based on household items Figure 3.11b: Gradients using SES index based on parent education and occupation
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Table 3.4: Estimates and regression statistics for socio-economic gradients by country and alternative measure of SES

SES based on household items SES based on parent education & occupation

South Africa Morocco Russia South Africa  Morocco Russia
Intercept 198.90 301.71 544.72 212.35 280.66 532.78
Coefficient on SES percentile 2.70 0.48 0.44 2.51 0.96 0.79
t-statistic 40.74 7.12 11.9 36.02 13.93 18.99
p-value 0 0 0 0 0 0
R-squared 0.3077 0.0231 0.0389 0.2585 0.0880 0.0998
Observations 6840 4447 2775 6840 4447 2775
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The overall pattern thus remains the same irrespective of the measure of SES. The gradients for
South Africa and Morocco are much lower than that for Russia, while the slope and strength of
the relationship between reading achievement and SES is much greater for South Africa than for
the others. Figure 3.12 confirms that South Africa is an outlier when it comes to the level and
slope of its socio-economic gradient. The figure depicts socio-economic gradients for a much
wider selection of countries in PIRLS.” An index for SES was derived for each country by
applying PCA to the household items variables. SES was then standardised to have a mean of
zero and standard deviation of one within each country. Therefore, the level of affluence at a
single point on the x-axis is not comparable across countries.” The line for South Africa is at a

lower level® and is steeper than all the other countries in this sample.

Figure 3.12: Socio-economic gradients for a wide selection of PIRLS conntries
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23 Figure 3.12 depicts socio-economic gradients for Austria, Bulgaria, Germany, Hong Kong, Iceland, Iran, Israel,
Italy, Latvia, Lithuania, Luxembourg, Moldova, New Zealand, Norway, Romania, Russia, Slovakia, Slovenia, South
Africa, Spain, Sweden, Macedonia, England, Scotland, Belgium, Taipei, Denmark, France, Georgia, Qatar, USA,
Indonesia and Morocco.

24 The length of the lines and their position along the horizontal axis do not reflect comparable differences between
the countries. In all countries the mean SES is zero. A line which is long below zero and short above zero indicates
that the most of the people in that country had most of the household assets. Therefore, those individuals who had
very few household assets might be three or even four standard deviations below the mean. Therefore the line
length only reflects the skewness of the distribution of SES.

25 Although the South African line crosses two others, it is certainly the lowest at the 50 percentile and across most
of the distribution of SES.
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3.4.2) Sensitivity of the South African socio-economic gradient to different datasets

In order to test the reliability of the South African socio-economic gradient the same technique
was applied to data from SACMEQ II and the three waves of TIMSS (1995, 1999 and 2002).
TIMSS and SACMEQ also include a number of questions regarding household items, making
the same analysis possible.”” The SACMEQ dataset provides a useful link between PIRLS and
TIMSS, because SACMEQ) tested reading (making it comparable with PIRLS) and mathematics
(making it comparable with TIMSS). SES gradients were derived for each survey and for each
subject domain. For the sake of comparability across the surveys, both the SES indices and the
achievement variables were standardised to have a mean of zero and standard deviation of one.

The regression estimates are provided in Table 3.5.

Table 3.5: Regression estimates for socio-econonric gradients PIRLS, SACMEQ and TIMSS

Survey Subject Regression estimates

PIRLS Reading Y = 0.0695 + 0.5169 x SES
SACMEQ II Reading Y = 0.0637 + 05232 X SES
SACMEQ II Mathematics Y = 0.0630 + 04428 x SES
TIMSS 1995 Mathematics Y = 0.1110 + 0.5502 x SES
TIMSS 1995 Science Y= 0.1190 + 0.5726 % SES
TIMSS 1999 Mathematics Y = -0.0121 + 0.5283 x SES
TIMSS 1999 Science Y= -0.0241 + 0.5426 % SES
TIMSS 2002 Mathematics Y = -0.0067 + 0.4948 x SES
TIMSS 2002 Science Y = -0.0145 + 0.5085 % SES

The slope coefficients range from 0.44 to 0.57. For the sake of a visual perspective, consider
Figures 3.13 and 3.14, which show the reading gradients and the mathematics gradients
respectively. What is perhaps most pleasing for the sake of the present analysis of the PIRLS
data is how similar the SES gradients are for the two reading surveys. At a first glance it looks as

if there is only one gradient presented in Figure 3.13. However, the line for the SACMEQ

26 Detailed information about SACMEQ and TIMSS surveys and the household items variables in each survey is
provided in Appendix D.
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reading scores lies virtually on top of the original SES gradient for the PIRLS data. The slope
coefficients are very close: 0.5169 for PIRLS and 0.5232 for SACMEQ.

The slopes for the mathematics surveys in Figure 3.14 are fairly similar across the three rounds
of TIMSS. The gradient for the SACMEQ data is somewhat flatter however. One possible
contributing factor to this result relates to the fact that SACMEQ tested at the sixth grade
whereas TIMSS tested grade 8 students. Given that much of the South African school system is
seriously under-performing and that much of the variance in educational achievement is
explained by SES, one might expect low-SES students to fall further behind with every grade
they move through. Low-SES students would then be further behind high-SES students in
grade 8 than in grade 6. This would manifest in a steeper SES gradient at the grade 8 level than

at the grade 6 level, as is indeed the case in Figure 3.14.

Figure 3.13: South African socio-economic gradients for reading surveys
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Figure 3.14: South African socio-economic gradients for mathematics surveys
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3.4.3) Imputed income gradients

Ross and Zuze (2004) presented socio-economic gradients for the SACMEQ II countries using
an SES index based on the household asset variables in SACMEQ. The household assets were
the same across all 14 countries, allowing points along the SES scale to be directly comparable
across countries. This means that the length of each socio-economic gradient in Ross and Zuze

(2004) reflected the level of material inequality in each country.

An attempt to make the level of SES comparable across the countries in PIRLS was made by
way of a crude imputation. Per capita Gross National Income (GNI) as well as the shares of
income held by the poorest 20% and richest 20% of the population for South Africa, Russia,
Morocco and the USA in 2006 were retrieved from the World Bank (2009). These statistics are
reported in Table 3.6.



Table 3.6: GINI per capita in 2006

86

GNI pc (§) share bottom 20% share top 20%
Morocco 3890 7 47
Russia 12810 6 39
SA 8960 3 62
USA 44270 5 49

Source: World Bank (2009)

Students in PIRLS were assigned an income based on the percentile of SES (the asset-based

index) they fitted into, such that the distribution of income within each country’s sample of

students was a close match to the proportions in Table 3.6. The log of income was then used to

predict reading scores. The regression estimates were then plotted to form imputed income

gradients, as shown in the following figure. The corresponding regression statistics are reported

in Table 3.7.

Figure 3.15: Imputed income gradients
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Table 3.7: Estimates and regression statistics for imputed income gradients by country

South Africa  Morocco Russia USA
Intercept -96.88 185.06 377.26 237.45
Coefficient on SES percentile  47.31 17.65 20.45 29.29
t-statistic 41.51 8.00 12.93 19.93
p-value 0 0 0 0
R-squared 0.2005 0.0281 0.0441 0.0969
Observations 14657 3249 4720 5190

As with the socio-economic gradients presented earlier, the overall pattern remains the same: the
level of the lines is lower for South Africa and Morocco, while the slope is greatest for South
Africa. In addition, Figure 3.15 shows that South Africa has the longest line, which is a
reflection of the wide income inequality that persists in this country. Moreover, one can now say
that across most of the distribution, Moroccan students are out-performing South African
students at corresponding levels of SES. This would suggest that, although educational
achievement is particularly strongly associated with SES in South Africa, this association cannot
be solely attributed to SES itself. Rather, there must be other educationally disadvantageous
factors that are associated with poverty in South Africa. Thus, a major objective of this thesis is
to explore how SES influences educational achievement in South Africa, and to identify specific

factors that negatively impact on educational achievement amongst poor children.

3.4.4) Lowess-type gradients

The socio-economic gradients presented up until now are all based on a linear regression
relationship. One way to investigate whether the assumption of a linear shape is justified is to
use lowess regressions. Lowess regressions do not require a linear or quadratic model
specification but carry out locally weighted regressions at each data point and smooth the result
through the weighting system. This means that the shape of a lowess curve is determined by the
data rather than by the imposition of a model specification.” Figure 3.16 graphically presents
the lowess regression relationship between reading scores and SES for Russia, Morocco, the
USA and South Africa. Note that in this case the dependent variable is the mean reading score

within each school and the explanatory variable is the mean SES within each school.

27 Further explanation of the lowess smoothing methodology is provided in Appendix E.



88

Figure 3.16: Lowess-type gradients by country
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As in earlier figures, the lines for Russia and the USA are at a much higher level than those for
South Africa and Morocco. The slopes for Russia, Morocco and the USA seem approximately
linear. Interestingly though, the relationship between SES and reading performance in South
Africa seems to be non-linear and convex. Put differently, the association between reading
scores and SES is stronger at higher levels of SES. This warrants further investigation and the

inclusion of a squared SES variable in the multivariate analysis to follow.

For the sake of comparison, lowess-type gradients were fitted using the SACMEQ II data.
Figure 3.17 shows the lowess gradient for South Africa and a gradient for the other 13
SACMEQ participants combined. The outcome variable in this case is school mean reading

score.
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Figure 3.17: Lowess-type gradients for South Africa and other SACMEQ countries
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The South African lowess-type gradient confirms the convex shape obtained with the PIRLS
data. At the low end of the socio-economic distribution, increases in school mean SES atre not
associated with significant improvements in reading achievement, while at the higher end
increases in school mean SES are associated with large reading gains. TFigure 3.17 also confirms
what the imputed income gradients suggested, namely that for much of the distribution South
Atfrica is underperforming at given levels of SES. This figure demonstrates that apart from those
in more affluent schools, South African children are performing worse than equally poor
children in the other African countries in the SACMEQ sample. This piece of evidence certainly
warrants an investigation into the channels through which SES affects education in South Africa,
as well as into other determinants of schooling outcomes, focusing especially on the poorer

section of the school system.”

28 Van der Berg (2007: 857) produced a similar figure, the only difference being that the outcome of interest was
mathematics achievement in SACMEQ. The overall picture was hardly different to that obtained in Figure 3.17.
The figure from Van der Berg (2007) is reproduced in Chapter 4 as Figure 4.1.
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3.4.5) Disaggregating the South African socio-economic gradient

Another way of describing how reading achievement in PIRLS differs amongst South African
children on the basis of SES is to show the distribution of reading achievement within each

quintile of SES. Figure 3.18 presents Kernel Density curves of reading scores by SES quintile.

Figure 3.18: Kernel Density curves of reading achievement by SES quintile
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A striking feature of the above figure is that the distributions are remarkably similar across the
bottom four quintiles. However, the top quintile has a completely different distribution with a
large concentration of students achieving relatively high reading scores. This pattern starkly
emphasises the same underlying reality that was evident in the lowess-type gradient for South
Africa: the gradient was rather flat for much of the distribution and then very steep at the higher

end of the socio-economic spectrum.

This unequal distribution of educational achievement in South Africa has been characterised by
several authors as “bimodal” (e.g. Fleisch, 2008; Van der Berg, 2008). This refers to the

phenomenon that two separate distributions (corresponding to two differently functioning parts
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of the school system) are concealed within the overall distribution of achievement in South
Africa. According to this distinction, approximately 80-85% of South African students are
located within a “sub-system” that can be described as historically disadvantaged and currently
poorly functioning. The second “sub-system” consists mainly of historically white and Indian
schools and demonstrates much greater functionality. Since the racially separate education
departments were done away with, a fair amount of migration out of historically black schools
into historically white, coloured and Indian schools has taken place amongst the growing black
middle class. However, negligible movement in the opposite direction has occurred with the
result that historically black schools have to “contend with both the disadvantages of apartheid
as well as the migration of better performing learners..” (Reddy, 2006: xii)) This only

perpetuates the so-called bimodality of South Africa’s educational achievement.

As Van der Berg (2008: 145) maintains, “separate data generating processes’ are operating in
each of the two “sub-systems”, thus necessitating sensitivity to this underlying structural aspect
when analysing educational achievement data for South Africa. In the PIRLS data there is no
information on student race or the former racially based education department of schools with
which to divide the sample into the two “sub-systems”. However, schools had the option of
taking the reading test in any of the 11 official languages. Therefore one can be almost certain
that schools which took the test in an African language were historically black schools or, in the
case of new schools, would have been if they had existed during the former regime. It is likely
that some historically black schools would have taken the test in English, making it harder to
isolate historically advantaged schools. In order to deal with this, schools that took the test in
English but where less than 30% of the students reportedly always spoke English at home were
treated as a separate uncertain sub-sample. Under this classification, 9,837 students (265
schools) were in schools that took the test in an African language, 2,623 students (81 schools)
were in schools that took the test in Afrikaans or English and where more than 30% of students
reportedly always spoke the language of the test at home, and 1,819 students (49 schools) were in
schools that took the test in Afrikaans or English but where less than 30% of students always
spoke the language of the test at home. Figure 3.19 shows kernel density curves for the African
language schools and for the Afrikaans and English language schools as well as a combined

curve for all schools.
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Figure 3.19: Kernel Density curves of reading achievement by language of the test
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The kernel density curve for all schools indicates that the distribution of reading achievement
was not bimodal, strictly speaking. However, the disaggregated curves demonstrate that two
very different distributions are evident and the modes of these two distributions are far apart.
The distribution for African language schools lies far to the left indicating a low overall level of
achievement and is very concentrated. The Afrikaans / English distribution lies considerably to
the right and contains more variation, possibly indicative of several historically disadvantaged
schools that have been “mistakenly” included despite the adjustment for the proportion always
speaking English at home. The pattern in Figure 3.19 is analogous to that in Figure 3.18 — the
distribution for African language schools is very similar to that for the bottom four SES quintiles
and the distribution for Afrikaans and English schools is very similar to that for the top SES
quintile.  This implies that in order to understand the influence of SES on educational
achievement in South Africa it may be necessary to recognise that two historically different and

persistently differently performing systems are present.

Estimating separate lowess-type gradients for these two sub-systems of schools is very revealing.
Figure 3.20 shows that the lowess gradient for African language schools is flat and is driving the

flat part of the lowess gradient for the full South African sample. On the other hand, the steep



93

part of the gradient is entirely accounted for by the gradient for Afrikaans and English language
schools. Therefore, the real story might not be that SES affects achievement non-linearly per se,
but that two separate data generating processes are at work, causing the effect of SES to operate

differentially in the two historically different parts of the school system.

Figure 3.20: Lowess-type gradients by language of the test
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Each dot in the scatterplot included in Figure 3.20 represents an African language school. It is
striking that there is not a single African language school scoring above the low international
benchmark score of 400. Also, there are no African language schools beyond a certain level of
mean SES, indicated by the vertical line in the figure. This may relate to the phenomenon that
the emerging black middle class has been withdrawing from the historically black school system
and migrating to historically white, coloured and Indian schools (Soudien, 2004: 107). Put
differently, children in historically (and predominantly still) black schools are performing dismally
in general, while those black children who can afford to are exiting the system. Therefore, the
way to think about the effect of SES on educational achievement in South Africa may be as

follows: home SES is crucial in determining which school system one enters; then for those in
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the historically black system the chances of achieving high quality educational outcomes are

small, regardless of home SES.

Figure 3.21 illustrates the incentive for migration out of the historically black system. The figure
shows linear socio-economic gradients for students within African language schools and for
students within Afrikaans and English schools. Superimposed on the same figure are kernel
density curves to provide a sense of where the bulk of these two groups are populated along the
socio-economic spectrum. The pertinent area of comparison between the two gradients is in the
middle and high range of SES as this is where significant numbers are present in both school
types. It can be seen that for students occupying the same socio-economic position in South
African society there is a major advantage associated with being in a historically privileged
school. As the arrows in the figure suggest, it makes sense for students who can afford it

financially to migrate from the poorly performing system to the well-functioning system.

Figure 3.21: Linear socio-economic gradients by langnage of the test
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Note: The dotted straight lines are the socio-economic gradients and correspond to the vertical axis on
the right hand side. The solid lines are kernel density curves and correspond to the vertical axis on
the left hand side.
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The next sub-section further investigates the role of schools in the relationship between SES and
reading achievement in South Africa using two techniques that are designed specifically for such

analysis.

3.5) The role of schools in the effect of SES on reading achievement

3.5.1) Intra-class correlation coefficients

The overall variation in reading scores in South Africa can be divided into variation due to
within-school student factors and variation due to differences between schools. The “within-
school” variation and “between-school” variation can be derived using Hierarchical Linear
Modelling (HLLM), which is a technique that analyses student-level variation and school-level
variation separately. Section 3.7 explains the methodology of HLM in some detail before going
into a detailed multivariate HLM analysis. An HLM model with no explanatory variables
(known as a fully unconditional model) separates the “within-school” variation from the
“between-school” variation. With this information an intra-class correlation coefficient (rho) can

be derived according to the following formula:

P =V (tg ) IV (1107) +V (1] 5

where V (14, j) is the between-school variance and V (I’u) is the within-school variance. Thus 7bo

is the ratio of between-school variance to overall variance. In a country where each school was
identical, 7ho would equal zero. Conversely, if all the variation in reading scores was determined

by school-level factors, the 750 value would be equal to one.

Rho values were generated for each of the participants in PIRLS 2006. Of course the 7bo values
say nothing about the impact of SES or any other student or school-level characteristic on
reading scores. They only indicate how much of the overall variance in reading scores is
attributable to within-school variance and how much to between-school variance. The results are

presented in Figure 3.22.
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Figure 3.22: Proportion of variation due to differences between schools for PIRLS participants (Rho)
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Once again South Africa is an outlier by a considerable distance amongst the PIRLS participants
with the highest Rho value. This means that between-school variation accounts for a larger
proportion of overall variation in South Africa than in any of the other countries. In almost all
the countries the majority of the overall variation is attributable to differences between students
or “within-school” variation, where innate ability and home SES are among the factors playing a
role. In South Africa, however, the majority of variation is due to differences between schools.
This is further evidence that variation in school quality is a crucial dimension of reading

achievement in South Africa.

3.5.2) Decomposition of direct and indirect effects of SES

Rho values offer no information about which school characteristics contribute to between-school
variation. As the present focus is mainly on the impact of SES, a type of decomposition
technique was applied in order to investigate the role of schools and school mean SES within the

broader impact of SES on reading achievement in South Africa.
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The effect of SES on reading achievement can be thought of as consisting of a direct effect and
an indirect effect. The direct effect is through home support factors and the indirect effect is
through determining the type of school students have access to. The indirect effect therefore
includes the impact of the SES of school peers, which the Coleman Report (1966) drew attention
to. As was suggested in the previous section, student SES appears to play a major role in
allocating students into the two historically different parts of the school system. Once this
allocation has taken place the mean school SES affects educational achievement, while individual
SES continues to have a direct influence through home support factors. The logic of this is

expressed in the schematic diagram below.

Figure 3.23: Direct and indirect effects of SES on educational achievement
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Fortunately, it is possible to separate out these direct and indirect effects empirically. One can

express the correlation coefficient between student socio-economic status (SES) and reading
scores (v gs) as the sum of the normalised regression coefficients of SES (fsps ) and School
SES (B spsx) when included in a multiple regression predicting the reading score (X), each

multiplied by the correlation between itself and SES. Of course the correlation between SES and

itself is simply 1. Formally, this is expressed as follows:
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— 29
T X SES — 18 SES, X RaA SES,S_SES * /6 S_SES,X (3 6)

Correlation = direct effect + indirect effect

The actual values for the various coefficients in the equation above are easy to obtain using
statistical software. Substituting these values into the equation for South Africa and solving it
yields a direct effect of 21.34% and an indirect effect of 78.66%. This means that 78.66% of the
(sizeable) correlation between student SES and reading achievement occurs indirectly via the
mean SES of the school to which students gain access. Only 21.34% of the correlation is
accounted for by direct effects including the various aspects of home support. The significance
of this result, once again, is more fully comprehended in comparison with other countries. The
same decomposition was applied to a selection of countries in PIRLS 2006. Figure 3.24 reports

the sizes of the direct and indirect effects of SES in these countties.

Figure 3.24: Decomposition of direct and indirect effect of SES by country
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South Africa is again the exception with the largest indirect effect. More than in any of the other
countries in this sample, the effect of SES operates through selection into schools where the

mean SES of the school then predicts educational achievement. This is an important insight into

29 This decomposition technique is appropriated from Bowles and Gintis (2002b), who applied it to estimating the
direct and indirect effects of parental income on the future income of a child.
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the critical role that selection into differently performing sub-sectors of the South African school

system plays in the way that SES affects educational outcomes.

3.6) Multivariate analysis of South African achievement in PIRLS 2006

This chapter has already demonstrated that SES (both that of individuals and of the schools they
attend) has a particularly strong impact on educational achievement in South Africa. By
extending this analysis into a multivariate framework, this section explores the influence of SES
conditional upon numerous other influences on reading achievement. Given a variety of factors,
what is the importance of SES in determining reading achievement? Moreover, a multivariate
analysis also has potential to provide answers to the converse question: after the influence of
SES has been controlled for, are any teacher or school characteristics significantly associated

with reading achievement? This is perhaps the more relevant question for education policy.

3.6.1) Education Production Functions: some methodological considerations

Before considering any multivariate results, it is worth noting some of the theoretical motivation
underpinning education production functions as well as some of the technical difficulties that
often arise in such analyses. Much of this discussion is based on Glewwe (2002), who provides
an excellent review of education production functions and the associated literature. The basic
education production function models cognitive skills as a function of an individual’s personal
“learning efficiency”, school quality and years of schooling. Formally, this can be expressed as

follows:

A =Ef(Q).9(S) (3.7)

where A; is cognitive skill in year 7 E is the individual’s “learning efficiency”, Q is school quality,
and S, is years of schooling up until year z. Of course fand g are increasing functions of Q and .
The learning efficiency of a student (E) comprises a variety of factors. These include innate
ability, motivation and aspects of the home environment that affect learning, such as parental

education.
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In PIRLS, testing was done on South African students in the fifth year of schooling. Therefore,
years of schooling (§) is constant across all individuals in the sample. Adapting equation (3.7) to

model cognitive skills amongst fifth graders yields equation (3.8) below.

A =Ef(@Q 58)

As an aside, it is worth noting that cognitive skill attained by the fifth grade can be expected to
influence an individual’s ultimate schooling attainment (S,). Learning efficiency (E) will continue
to influence progress through school. It is likely that SES also has an effect on attainment

separate from its effect via learning efficiency. In addition, school quality will continue to have

an effect on progress through school —N(Q;, ), where » = z - 5. Thus equation (3.9):

S, = f(A)-E9(SES)h(Qs.,) (3.9)

The relationship expressed in equation (3.9) has important implications for economic mobility
due to the strong links between school attainment and labour market performance. The relative
strengths of /, gand 4 will determine the point at which interventions will be most effective. This
issue will be investigated in Chapter 5, where the association of achievement at grade 8 with
achievement in matric (grade 12) is analysed. For the present analysis, however, the focus is on
explaining the level of reading achievement amongst 5% grade students, as expressed in equation

(3.8), which can be rewritten in linear functional form as follows:

A =Py +/E+SQ+e (3.10)

The p coefficients will be estimated using regression analysis. The error term (¢) captures
measurement error in the dependent variable and the explanatory variables as well as variation
that is not captured due to omitted variables. As mentioned, “learning efficiency” reflects

numerous factors. Thus one can decompose E into separate components as follows:

A =p,+oE +o,E, +..+o,E, +B,Q+e (3.11)
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The a coefficients are parameters to be estimated for various aspects of a student’s “learning
efficiency”, such as parental education, the availability of help with homework at home, SES, etc.
In the PIRLS dataset, the variables captured by the student questionnaire and the home
questionnaire (completed by parents) contain suitable indicators of “learning efficiency.”
Similarly, it is possible to decompose school quality (Q) into separate components, like the
combined SES of each school, aspects of teacher quality and the resource base of schools. This

yields equation (3.12).

A=p+oE +o,E, +.. .+ E, +7,Q +7,Q, +..+7,Q, +e (3.12)

The estimates on these school characteristics (1°s) are useful for policy purposes. However,
having said this, one does need to exercise caution in the interpretation of education production
function estimates because there are numerous associated technical issues that can lead to biased
estimates. Glewwe (2002) offers a particularly rich, rigorous and somewhat unforgiving appraisal

of these challenges.

A first issue in education production functions that often plagues developing country analyses is
sample selection bias. In countries where non-enrolment is substantial, any sample of students
will not be random due to the fact that only school-going children are selected. Fortunately this
problem does not come into play much in the South African case due to the country’s high rate

of enrolment.

Another problem is measurement error in the variables. This may be random or systematic — the
former being largely unavoidable. For example, there is likely to be a degree of measurement
error in the reading score in PIRLS — this is obvious when one considers that a student would be
unlikely to achieve the exact same score if she were to be tested on two separate occasions.
Greater caution is required when it is suspected that there is a degree of systematic measurement
error present for a particular variable. One case of this is when respondents may have an
incentive to answer in a certain way. An example in PIRLS is a question to teachers regarding
the proportion of school hours that they spend teaching. It seems plausible to expect that
respondents may tend to overestimate this proportion, resulting in an underestimated T

coefficient on this variable.
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A more troubling issue is that of unobserved characteristics affecting student “learning
efficiency” or school quality. A commonly unobserved aspect of “learning efficiency” is innate
ability. By the nature of many surveys such as PIRLS it is often not possible to capture a
measure of innate ability. Even when this is attempted it is not without problems. As Glewwe
(2002: 442) observes, most tests of innate ability such as IQ tests tend to reflect environmental
factors as well as innate ability. A consequence of unobserved aspects of student “learning
efficiency” is that the estimated impacts of observed aspects of “learning efficiency” may be
biased. There are many other hard-to-observe aspects of learning efficiency relating to child and
parent motivation and other characteristics of the home environment. One way to address the
problem of unobserved characteristics is to test students at two points in time and then to
estimate a value-added model. This is done by either making the gain score the dependent
variable or including the first score as one of the explanatory variables. The idea is that the
influences of innate ability and other unobservables that remain stable over time are already
contained in the first score and will therefore allow unbiased estimates to be obtained. It is
certainly advantageous if data have a pre-score, although it does add to the complexity of survey
design and can introduce other technical issues. Measurement error will be present in both the
pre-score and the post-score, thus worsening the signal-to-noise ratio in the outcome of interest.
PIRLS does not contain any pre-score, although in chapters 4 and 5 analysis is presented where

the data allow for the inclusion of a pre-score.

Similatly, there are many aspects of school quality that are hard to observe, including teacher
effort, principal leadership and managerial skill. When such aspects of school quality are omitted
from the analysis the estimated impacts of observed characteristics are likely to be upwardly
biased, because the observed aspects tend to be correlated with unobserved aspects. This relates
to the observation that “good schools are often good in many ways” (Glewwe, 2002: 443). Thus
observed characteristics may to some extent be acting as a more general indicator of school

quality.

Another source of biased estimates that Glewwe (2002: 443) considers is the possibility that
school quality is to some extent endogenous. This occurs when aspects of individual learning
efficiency influence school quality. For example, it is well known that high SES parents tend to
get more involved in school affairs, such as fund-raising, holding school staff accountable and
even shaping key areas of school policy. Therefore an affluent parent body is likely to have a

positive effect on school development and quality. In such a case, the estimated impacts of
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school characteristics are likely to be overestimated. Conversely, underestimation can also result
from endogenous school quality, for example, if government provides additional resources or
support to schools with particular unfavourable characteristics, like a low SES student body or
deep rural location. In this case the observed characteristic is negatively correlated with an
unobserved characteristic, leading to underestimation. Ultimately, sound education production
function analysis will recognise when the possibility of bias is present and not rush into bold
conclusions in such cases. In response to these technical challenges associated with education

production functions Glewwe makes some noteworthy conclusions and recommendations.

“In summary, uncritical application of OLS regressions can lead to biased estimates of the
impact of school quality on learning. Some problems underestimate the impacts, others
overestimate them, and still others could go either way. These difficulties are so daunting
that some economists doubt that they can be overcome.” (Glewwe, 2002: 444)

While this may sound rather severe, the point to be highlighted is that estimates achieved using
education production function techniques should be regarded as suggestive rather than
definitive, as Glewwe (2002: 476) goes on to advise. He recommends an approach that sets out
to gather as much evidence as possible and then make an overall judgement based on a number

of estimations of production functions:

“[If] a large number of good conventional [education production function] studies show
that a specific school characteristic increases learning, there is a good chance that these
studies are detecting a strong causal relationship, and policies could be based on such

findings (the alternative being choosing policies without any evidence whatsoever).”
Glewwe (2002: 450)

This is what motivates the approach taken in the rest of this chapter. In the preceding sections
various methods were applied in order to gather information about the impact of SES on
educational achievement. The multivariate analysis follows the same pattern. Initially, a simple
OLS model is built by looking at the effects of student, home, teacher and school characteristics
separately and then together in the full model. Thereafter, the South African sample in PIRLS is
split into the two historically different school systems in order to identify the effects of the
various characteristics within different parts of the school system. In Section 3.6.4, HLM is
applied, first for the full sample and then for the two sub-sections of the South African school

system. The HLM method is used in recognition of the critique that this technique may be more
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appropriate than OLS modelling for data that has a nested structure — in this case students are
nested within schools. Findings based on this spectrum of models will not be regarded as

definitive. However, consistent results may indicate that a fairly reliable message is emerging.

3.6.2) Multivariate analysis using OLS regression

The dependent variable in all the following survey regression® models is reading score according
to the PIRLS scale where the international mean and standard deviation are 500 and 100
respectively.  Four categories of explanatory variables were included in the models
corresponding to the various survey instruments administered in PIRLS. There are student-level
variables (where the respondents were students), home-level variables (where the questionnaire
was completed at home), teacher-level variables (where the respondents were teachers) and
school-level variables (where the respondent was the school principal when possible).”’ Applying
the theoretical framework discussed in Section 3.6.1, the student-level and home-level variables
can be considered to be aspects of a child’s “learning efficiency”, while the teacher and school-

level variables can be considered aspects of school quality.

3.6.2.1) Models for the full South African sample

The OLS regression models for the South African sample in PIRLS are presented in Table 3.8.
Models [1] and [2] predict reading achievement solely by SES. Models [3] to [6] examine specific
groups of variables corresponding to the various questionnaires separately while conditioning
only on SES, age and gender. In model [7] the student, home, teacher and school level variables
are combined to form the full model. With the exception of models [1] and [2], separate dummy
variables for each province were included but, for the sake of convenience, are not reported.
The best performing province was the Western Cape with an average score of 405 while the
lowest achieving province was the Eastern Cape with an average score of 245. A box plot of

reading achievement by province is provided below.

30 The following survey design vatiables were used: The stratum variable was province (of which there were 9), the
Primary Sampling Unit (PSU) variable was schools (of which there were 397) and the person weight was “totwgt” as
provided in the PIRLS data.

31 All the variables used in the multivariate analysis are described in Appendix F.
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Figure 3.25: Box: plot of reading achievement in PIRLS by province
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Model [1] is the basic socio-economic gradient as presented in earlier sections, although in this
instance it is measured in standard deviations rather than percentiles. Thus a one standard
deviation increase in SES is associated with an increase in the predicted reading score of 59.53
points, which is just over half a standard deviation.” The square of SES is included in Model [2]
to allow a quadratic specification. This step was partly motivated by the lowess-type gradients
presented earlier, which suggested that the relationship between SES and reading achievement
was non-linear. Indeed the coefficient on SES squared is large and statistically significant. It is
helpful to graph the results of Model [2] in order to ease interpretation of the coefficients on
SES and SES squared. This is presented in Figure 3.26. It is evident from the curve that the

change in reading achievement associated with changes in SES is greater at higher levels of SES.

32 Note that the standard deviation on the international sample was 100 while a standard deviation within the South
African sample was of a similar size at 114.7.



Table 3.8: OLS models for the full sample of South African students in PIRLS

[1]

2]

3]

[4]

3]

[6]

[7]

Student-level variables

SES

SES squared

Under 11

Over 11

Female

Speak language of test
Homework more
Homework less

Help unnecessary
Help from parent
Feel safe at school
Visit library weekly
Visit library sometimes

More than 10 books

59.53%**

(4.52)

22,37+
(7.76)
24,815+
(2.94)

-28.62%*
(6.44)
19.79%++
2.19)

45 024k
(3.27)
54,23k
(5.90)
20,524k
(2.53)
40,66+
(4.25)

22 465+
(3.82)
30,735+
(5.84)
41,90k
(4.84)
29,364k
(3.83)
20.7 1%k
(3.33)
16825+
(5.06)
1.68
(4.00)
23,074k
(4.84)

-8.46
(5.69)
12,945
(1.87)
41,73k
(2.93)
-55.64%4*
(5.24)
27.1 5%+
(2.36)

12,36~
(6.43)
1701
@.21)
-50.30%4*
(3.61)
58,28k
(6.66)
27 A4k
(2.80)

-12.88*
(5.85)
12,1455+
(1.81)
-33.85%k
(2.80)
-40.24%%
(5.07)
28045+
2.14)

235
(3.95)
3,28+
(1.16)
26,815
(2.55)
-33.83%%k
(4.55)
27134k
(1.82)
33,38 %%+
(3.87)
15497k
(2.88)
12.96%*
(4.27)
16.66%+*
(3.29)
934k
(2.63)
18.67+%*
(2.40)
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Table 3.8 (continued)
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[4] [5]

[7]

Home-level variables
Full-time job

Early literacy: high
Eatly literacy: medium
Parent matric only
Parent beyond matric

Teacher-level variables
Class size

Class size squared

Teacher experience 4 to 7
Teacher experience 8 to 12
Teacher experience 13 to 19
Teacher experience 20 plus
Teacher has degree

Time spent teaching > 50%

School-level variables
Afrikaans

English

39.78#kx

(3.49)

14.49%%*

(4.20)

3.86

(3.74)

6.19

(4.81)

92,705

(9.71)
3,420k
(0.970)
0.022%*
(0.008)
-12.46
(16.28)
27.41~
(14.07)
-30.43*
(12.98)
-14.40
(13.88)
24.82~
(13.88)
20.36~
(10.66)

107.93%#
(14.29)
73,024k
(12.07)

18.64%+
(2.36)
13.86%+*
(3.51)
6.14~
(3.42)
1.74
(4.13)
38,9074+
(7.06)

-1.375%
(0.600)
0.010%

(0.005)
-18.33

(12.45)
-13.97

(11.36)
-21.66*
(10.20)
-23.75%
(10.32)

74,485
(9.52)
30,13+
(9.50)



Table 3.8 (continued)

0]

[7]

Rural -40.58*F* -18.13*
(10.20) (8.54)
Absenteeism: moderate -37.48** -10.03
(13.43) (8.30)
Absenteeism: severe -60.88*** -15.41~
(12.47) (7.90)
LTSM shortage: moderate -9.95
(8.74)
LTSM shortage: severe -6.43
(9.19)
Infrastructure shortage: moderate -14.50
(8.90)
Infrastructure shortage: severe -20.52*
(9.52)
School mean SES -39.17%**
(10.20)
School mean SES squared 12.37%%*
(1.89)
Constant 199.76%** 241.29%%* 172.57*** 198.38%** 348.10%* 315.07%%* 258.95%*
(5.49) (5.41) (9.56) (8.70) (28.74) (17.77) (24.12)
R-squared 0.2226 0.2645 0.4641 0.4909 0.4321 0.5288 0.6483
N 14279 14279 14279 14279 13342 14279 13342
Notes:

~ p<0.10, * p<0.05, ** p<0.01, *** p<0.001

(Standard errors in parentheses)
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Regressions [3] to [7] included dummy variables for the provinces but the coefficients on these are not reported in the table. Also, dummy variables controlling for

non-response were included for the following characteristics: speaking the language of the test at home, frequency of homework, availability of help with

homework, feeling safe at school, number of books in the student’s home, frequency of visits to a library, early home literacy activities, teacher experience, teacher
degree, time spent teaching, urbanicity of school, absenteeism at schools and shortages of LTSM and infrastructure. Table A.7 in Appendix G reports the complete

model statistics with the coefficients on all these additional variables.
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Figure 3.26: Quadratic socio-economic gradient based on Model |2]
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Model [3] adds a selection of student level variables that proved to be significantly associated
with reading achievement, prior to conditioning on any home, teacher or school characteristics.
The inclusion of the student-level variables increased the proportion of the variance in reading
achievement explained from about 26% to 46%. Strong negative effects on reading achievement
were found for those students either above or below the average age of 11. This pattern was
consistent across all the models. Another feature of all the models was an advantage for female
students ranging from 22 points to about 28 points. Students who spoke the language of the test
at home performed considerably better than those who did not. This advantage was just over 40
points in Model [3] and slightly smaller when controlling for home, teacher and school

characteristics in Model [7].

Students who reported receiving homework at least once a week or less than once a week did
better than those who reported never receiving homework. However, no significant difference
in achievement was evident between those who reported receiving homework at least once a
week and those receiving homework less than once a week. The question to students about
frequency of homework is an attempt to gather information about the school. There were 5
categories of answers to choose from. A new variable for the modal answer in each school was
generated. Table 3.9 reports the number of schools with each modal answer and shows the

average of each school’s mean reading score for each category. The mean student SES in each
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school is also provided in the table. In 118 schools the modal answer was “never receives
homework”. The average performance of this group of schools was considerably lower than the
other groups, as the table shows. Yet there does not appear to be any further improvement
associated with reportedly receiving homework more often. The low performance of students
reporting very frequent homework, however, casts doubt on the reliability of these responses,

which probably suffered from substantial overestimation.

Table 3.9: Mean reading achievement by frequency of receiving homework at school level

Mode in school Mean reading Std dev School SES Frequency
Never 260.71 69.00 2.61 118
less than once a week 386.45 135.00 3.47 20
Once or twice a week 340.03 115.66 3.38 73
3 or 4 times a week 312.12 99.72 3.15 26
Every day 296.39 81.47 3.14 156
Total 299.41 95.81 3.04 393

Two further points should be made about Table 3.9. Firstly, the categories of modes derived for
the table provide a rather crude representation of reality. For example, it is unlikely that students
in all 118 schools for whom the mode was “never” truly never received homework.
Nevertheless, it is probably true that, for the most part, these 118 schools gave homework less
regularly than the other schools and that this is reflected in the clearly weaker student
performance. Secondly, the weaker performance of this group of schools cannot be fully
attributed to the frequency of giving homework. The actual size of this effect is probably more
in line with the estimates presented in Model [7], which are conditional upon numerous other
characteristics. As Table 3.9 demonstrates, the schools in which the mode for frequency of
homework was “never” were also poorer on average than the other groups. Thus SES is
probably driving much of the difference in reading achievement between the groups in the table.
The significance of this table therefore lies in its ability to indicate the type of school
functionality issues that are pervasive in the less well-performing and poorer section of the South

African school system.
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When it came to availability of parental help with homework, the predicted reading score was
highest for students who felt that they did not need help with homework. This probably reflects
the relative strength of these students. Amongst those who did feel that they needed help, those
who received help from parents achieved better than those for whom no parental help was
available. The magnitude of this effect declined somewhat when home, teacher and school
characteristics were added yet remained statistically significant. Students who estimated that they
had more than ten books at home had an advantage of about 23 points, according to Model [3].
However, this effect became insignificant with the inclusion of the other home-level variables.
Another consistent pattern throughout the models was that students who felt safe at school
performed roughly 20 points better than those who felt unsafe. Although this variable originates
from the student questionnaire, it is probably capturing an important component of school
functionality. Students that visited a library other than their school’s library on a weekly basis
performed better than those who visited a library occasionally or not at all. However, this effect
was no longer significant once the home-level variables were controlled for. Perhaps in Model
[3] this variable was acting as a proxy for something like parental education or the extent to

which parents value reading.

Only three variables from the home questionnaire were found to have significant effects on
reading achievement. As Model [4] shows, the effect of at least one parent having a full-time job
was to raise the predicted reading score by about 40 points. This effect remained substantial (at
around 18 points) and strongly significant in the full model [7]. The coefficient on the dummy
for a high level of early literacy activities in the home was positive, consistently around 14 and
significant across all the models. The difference, however, between those who were exposed to
a “medium” amount of early literacy activity in the home and those who were exposed to little or
none, i.e. the reference category, was not significant in Model [4] and weakly significant in Model
[7].  This result supports the contention that Farly Childhood Development (ECD) has
important effects throughout a child’s educational development. It also suggests that a large
amount of early literacy activity is required in order for it to take effect. For parent education,
there was consistently a large, significant and positive coefficient on the dummy for those with at
least one parent having education beyond matric. There was, however, no significant difference
between those with at least one parent having matric only and those with no parent possessing a
matric, the reference category. This may imply that it is only once parents have tertiary
education that they begin to really value education and are able to offer effective educational

support to their children.
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The home-level variables discussed above are each correlated with SES to some extent. For
example, affluent parents tend to engage in more educational activity with their children during
the pre-school years than do poor parents. The fact that SES was already controlled for in these
models may however mean that these home characteristics exercise an effect over and above that
of SES. For example, parent education may have direct effects on learning, such as through the
value attached to schoolwork in the home or the ability to provide effective support with

homework.

It proved particularly difficult to identify teacher characteristics that were consistently associated
with statistically significant effects on reading achievement. Students taught by degree-holding
teachers performed about 25 points better than those taught by teachers with lower levels of
qualification. A similar effect was found when teachers reported the number of hours used for
actual teaching as more than 50% of the total available school hours. However, both of these
effects were no longer significant once the school-level variables were controlled for. This
probably relates to the phenomenon that aspects of teacher quality tend to be highly correlated
with overall school quality. Teacher time on task, for example, is a teacher variable but is largely

a product of the instructional leadership emanating from senior management in the school.

One teacher characteristic that was associated with reading achievement in the models was the
total years of teaching experience. Figure 3.27 shows that the majority of teachers in the sample
had between 10 and 20 years of experience, with relatively few inexperienced teachers. Models
[5] and [7] contain some evidence of a negative effect associated with older (or at least more
experienced) teachers. From the models it would appear that the threshold beyond which the
negative effects are significant is around 13 years. Several reasons might underlie the negative
association between teacher experience and student achievement, for instance, teacher
motivation and teacher understanding of curriculum changes. Certainly, one would expect
further research into teacher characteristics and student outcomes by teaching experience to yield

interesting insights.
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Figure 3.27: Histogram of teacher excperience

- _,I_I,lIl,I_I,lll._-,_,-—_,_
0 5 10 15 20 25 30 35 40 45

Years of teaching experience

80

60
!

40
!

20
!

Class size is one teacher-level variable that did come through significantly in Model [5] and the
full model. Class size as used here refers to the number of children in a class under the
supervision of one teacher at any point in time. This is distinct from the pupil-teacher ratio,
which, although sometimes used as a proxy for class size, refers to the ratio of teachers in a
school to the total number of students enrolled. As Table 3.8 shows, a quadratic specification of
class size was justified by the statistical significance of class size squared. The positive coefficient
on the square of class size indicates that the negative relationship between class size and reading

achievement flattens out at higher levels of class size.

It is worth diverging here into some more detailed consideration of class size effects before
continuing to discuss the results in Table 3.8. The issue of class size has received considerable
research and policy attention based on a mixed array of evidence. In both industrialised and
developing countries, mixed results have been obtained via numerous research methodologies
ranging from extensive meta-analyses (in the tradition of Glass and Smith, 1978) to production
functions and randomised experiments. Probably the most influential South African study on
class size (strictly speaking, pupil-teacher ratio in this case) was published by Case and Deaton

(1999). This study noted that in schools attended by black students in 1993, pupil-teacher ratios
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varied widely across magisterial districts. In consequence of the restrictions on movement
imposed during the apartheid dispensation, Case and Deaton felt it was justifiable to merge
pupil-teacher ratios to household survey data on the basis of magisterial district. They found
that pupil-teacher ratios were significantly associated with enrolment, years of schooling attained
and test scores. Despite the prominence of this study in the South African literature, however,
various doubts have been raised (for example, by Crouch and Mabogoane, 1998) regarding the

assumptions of the study and its data.

Not only has evidence been mixed on whether class size makes a difference, but when this is
translated into a budgetary framework it usually turns out to be one of the least cost-efficient
policy alternatives, as Gustafsson and Mabogoane (2010: 12) argue. There are nevertheless at
least two good reasons to examine the effect of class size further using the PIRLS data for South
Africa. Firstly, as Zuze (2008: 50) observes, studies conducted at the primary school level have
produced more conclusive evidence that class size matters than have secondary school studies.
Secondly, class sizes in South African schools are abnormally large by international standards.
According to Lockheed and Verspoor (1991), estimates of average class size in developing
countries between 1965 and 1985 were constantly in the range of 39 to 42, while in industrialised
countries this figure decreased from 28 to 20 over this period. In contrast, Gustafsson and Patel
(2009: 206) estimate that about 16% of grade 8 students in South Africa are in classes larger than
55. In the PIRLS sample, a quarter of South African students are in classes larger than 52. Thus,
despite international evidence on class size being mixed, excessively large classes may mean that
there are salient thresholds beyond which class size does have a significantly detrimental effect

on learning. A histogram describing the range of class sizes in PIRLS is presented in Figure 3.28.
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Figure 3.28: Histogram of class sizes in South Africa

For the purposes of closer analysis class size was divided into 5 splines with the following cut-off
points: 0 to 30, 30 to 40, 40 to 50, 50 to 60 and 60 plus. Table 3.10 presents three regression
models in which class size is entered in the form of splines. This means that the marginal effect
of changes in class size will be estimated separately for each spline. Model [A] reports the results
of an unconditional regression predicting reading achievement by class size splines. The way to
interpret the coefficients is as follows. A one unit increase in class size in the range of 30 to 40 is
associated with a decrease in the predicted reading score of 2.29 points. However, a one unit
increase in class size in the range of 40 to 50 is associated with a decrease in the predicted
reading score of 5.38 points. It is helpful to graph the predicted reading score by class size to
ease the interpretation of the coefficients. Figure 3.29 shows the predicted reading score based

on Model [A].



Table 3.10: OLS regression models with class size splines
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[A] — full sample [B] — full sample [C] — African
language schools
Class size 0 to 30 2.43%%% 1.9 1.53%k*
(0.50) (0.36) 0.39)
Class size 30 to 40 -2.20%%* -1.27%Fk% -1.20%%*
(0.43) (0.31) 0.34)
Class size 40 to 50 -5.38*F* -0.72% 0.49
(0.45) (0.33) (0.35)
Class size 50 to 60 -4.08*** -3.70%F* -2.89%¢*
(0.56) (0.40) 0.39)
Class size 60 plus 0.04 0.35 0.01
(0.26) (0.18) 0.16)
SES 11.50%+* 7.24%%%
(0.98) (1.04)
School mean SES -62.23%*% 2.56
(2.76) (4.59)
School mean SES squared 20.84x** 3.88***
0.44) (0.96)
Constant PYSASE i 213.86%F* 174.50%+*
(13.17) 9.84) (10.71)
R-squared 0.081 0.534 0.086
N 13342 13342 9185
Notes:

~ p<0.10, * p<0.05, ** p<0.01, *** p<0.001
(Standard errors in parentheses)

Figure 3.29: Predicted reading score by class size (based on Model [A])
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The figure demonstrates that there is actually a positive association between class size and
reading scores when class size is very low. The predicted reading score is highest when there are
30 students in a class. Within the range of 30 to 60 increases in class size are associated with
lower scores. This effect is greatest within the range of 40 to 50 but is also large between 50 and
00. Amongst classes larger than 60 the predicted level of achievement is very low and remains

fairly constant as class size increases even further.

Model [B] includes student SES and the mean SES in each school in order to test whether the
class size patterns remain the same once these factors that have been shown to explain much of
the variation in reading scores are controlled for. The overall pattern is mostly in line with that
emerging from the unconditional model. Significant negative effects of class size increases are
predicted within the range of 30 to 60. However, the most dramatic effects are linked to changes
of class size within the range of 50 to 60 — lowering class size from 60 to 50 is associated with an
improvement in the predicted reading score of 37 points. Table 3.11 provides perspective by

showing the expected benefits associated with lowering class size by 10 at different levels.

Table 3.11: Expected benefits associated with lowering class sige

Change in class size Associated benefit predicted by Model [B]
lowering class size from 60 to 50 37.0 point improvement

lowering class size from 50 to 40 7.2 point improvement

lowering class size from 40 to 30 12.7 point improvement

lowering class size beneath 30 no benefit

It should be noted that the expected benefits reported in Table 3.11 would in actuality probably
be somewhat smaller if a fuller set of teacher and school characteristics was controlled for.
Nevertheless, this analysis does suggest that a fairly large benefit may be expected if particularly
large classes could be lowered to 50 students at most. Model [C] confirms that the same pattern
applies to the African language schools — predicted reading achievement is most responsive to
changes in class size within the range of 50 to 60. The effect is slightly smaller, however,

probably because other unobserved aspects of school quality that differ across the historically
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different parts of the school system are to some extent being proxied for by class size in model

[B].

Implementing a reduction in class size across the system by a magnitude such as 10 might be
expected to have serious budgetary implications. However, reducing class size to 50 is probably
not a matter of simply employing more teachers. The phenomenon of very large classes in
South Africa is usually a matter of school management, with the exception perhaps of certain
rural areas where teacher shortages are experienced. Large classes combined with too many
“free” periods for teachers often occurs when schools principals do not understand how to
deploy teachers effectively within the timetable. This relates to a finding to be presented in the
next chapter that the lack of an easily available timetable is a good indicator of low school
functionality. Gustafsson and Patel (2009) investigated class sizes in South Africa using data
from the Annual Survey of Schools. According to this data the mean class size was 47.2
students. Gustafsson and Patel (2009: 27) estimate that if schools ensured that classes were of
equal size and the available time for teaching was put to maximum use, the mean class size could
be reduced from 47.2 to 37.8. If such a large reduction might be possible at the mean then
surely there is scope to reduce exceptionally large classes to a maximum of 50 simply through a
better utilisation of time at school. Although there is currently no official policy governing class
size in South Affica, it may be worth implementing some mechanism to put pressure on schools
to reduce class size, perhaps through raising parent awareness and expectations of what class

sizes should be.

Consider again the results of the models in Table 3.8. In model [6], where the school

characteristics were introduced, very large and significant positive coefficients were obtained for
the dummies capturing whether a school took the test in Afrikaans or English.”” The size of
these effects diminished somewhat in the full model where school mean SES was included. This
decrease probably indicates that the “Afrikaans” and “English” dummies were to some extent
capturing the effect of school SES in model [6]. However, the fact that large coefficients were
still obtained in the full model indicates that there is a school system effect at work that operates
over and above the effect of SES. The full model conditions upon student SES and its square,

parent education variables, a dummy for whether either parent has a full-time job and school

mean SES and its square. These are all indicators of SES and yet there remains a sizable

3 The reference category is therefore schools that took the test in an African language.
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premium associated with being in a school that took the test in Afrikaans or English. It is likely
that unobserved differences in management and teacher practice between the historically

different school systems account for this result.

Students in rural schools performed somewhat worse than those in urban and semi-urban areas.
This effect was smaller in magnitude when controlling for school SES. According to model [6],
students in schools in which the principal reported that student absenteeism was severe
performed worse than those in schools where absenteeism was purportedly moderate, who in
turn performed worse than those where absenteeism was apparently not a problem. However,
these effects were less prominent once school SES was controlled for in Model [7]. Only the
coefficient for severe absenteeism was significant at the 90% level of confidence. This may
reflect the phenomenon that numerous aspects of school quality, such as the level of
absenteeism, are correlated with school SES. Put differently, high absenteeism may be an
example of the sort of problem that exists in less well-functioning schools, which tend also to be

poor schools.

A noteworthy result is that the variables describing school resources did not consistently predict
reading achievement. The “LTSM shortage” index summarises a number of questions in the
school principal questionnaire regarding the extent of shortages of items that could (in the
opinion of the author) be grouped together as LTSM. Examples of these items are audio-visual
apparatus, computers and instructional materials. Similarly, the “infrastructure shortage” index
was derived from a number of variables describing the extent of shortages of resources that
could be grouped together as school infrastructure. These included lighting systems,
instructional space and school buildings. In Model [6], which did not control for student, home
and teacher characteristics or school mean SES, only the dummy for a severe shortage of
infrastructure was statistically significant. When the other characteristics were controlled for
both the “LTSM shortage” index and the “infrastructure shortage” index were insignificant and

were thus not included in the full model.

This result adds to the growing realisation that resources do not guarantee educational
achievement. It has been observed by Fiske and Ladd (2004), for example, that the considerable
improvement in fiscal equity in South African education since transition has not been

accompanied by a corresponding improvement in equality of educational outcomes. As Van der
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Berg (2008: 145) describes it, resources matter conditionally upon school efficiency, which can
be thought of as the ability of schools to convert resources into outcomes. This ability appears
to vary widely between South African schools. Some time ago Crouch and Mabogoane (1998)
estimated that school efficiency, conceived of in this way, accounted for approximately 25% of

the overall variation in educational performance in South Africa.

Once the full set of explanatory variables was included in model [7] the estimated effect of
student SES was considerably smaller than in the basic socio-economic gradient models. It
nevertheless remained statistically significant and consequential in magnitude. Figure 3.30
describes the relationship between student SES and reading achievement at different levels of
school mean SES. The figure is derived from model [7] with student SES and school mean SES
varying, but all the other variables held constant. The three lines can be loosely thought of as
conditional socio-economic gradients at the 10", 25", 50", 75" and 90™ percentiles of school

mean SES.

Several points relating to Figure 3.30 are important. Firstly, the gradients are considerably flatter
than the unconditional socio-economic gradient presented in Section 3.4. This is due to the
inclusion of the full range of explanatory variables, most notably school mean SES. The figure
demonstrates that changes in school mean SES (movements o¢f the curves) are associated with
larger gains in predicted reading achievement than are changes in student SES (movements a/ong
the curves). This confirms the view of the Coleman Report (19606) that the combined SES
within a classroom should be considered a key educational resource. Another dramatic feature
of the figure is the large disparity between the predicted achievement at the 75" percentile and
the 90" percentile of school mean SES. This no doubt reflects the superior performance of the
historically privileged and well-functioning part of the system. Again, the incentive to migrate to
the better functioning part of the school system is apparent and the interpretation of the effect
of SES on schooling outcomes in South Africa suggested in Section 3.4.5 is pertinent: individual
home SES may be a major determinant of the quality of schooling students to which students

gain access. Thereafter, home SES is limited in its ability to influence educational achievement.

3 The gradients were estimated assuming that individuals spoke the language of the test at home at least sometimes,
felt safe at school and were in classes of 45 students. All other characteristics were assumed to be such that all the
dummy variables in model [7] took a value of zero. Due to these assumptions the exact level of the lines is not
directly relevant. The point of the figure is rather to describe the relative effects of student SES and school SES.
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Figure 3.30: Conditional socio-economic gradients at different levels of school mean SES
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3.6.2.2) Separate OLS models for the historically different parts of the school system

In Section 3.4.5, when investigating the socio-economic gradient for South Africa, it was clear
that separate analysis of the two historically different sections of the school system revealed
different processes beneath the overall picture. For the same reasons it is worth estimating
separate multivariate production function models for each these two groups of schools. This
follows the recommendations of both Van der Berg (2008), who highlights the different data
generating processes in each of the sub-systems, and Gustafsson (2007: 94), who argues that
important dynamics that are present in one section of the system may be glossed over by a single
model for South Africa. Gustafsson therefore maintains that separate education production
functions for historically advantaged and disadvantaged schools are more useful for the purposes

of informing policy.

Table 3.12 presents separate models based on the classification used in earlier sections, which

was based on the language in which schools chose to take the test.” Column [1] reports the

3 As before, those schools that took the test in English but where less than 30% of the students reportedly always
spoke English at home were excluded from the Afrikaans and English language group. Neither were they included
in the African language group.
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model for the full sample as was presented in Table 3.8 (Model [7]). Column [2] reports the
estimates obtained for those schools that took the test in an African language. This is a relevant
part of the table for policy as it illuminates teacher or school characteristics that are associated
with better reading achievement in the historically disadvantaged and less well-performing part

of the system. The chief value of Column [3] is for comparison.

One interesting difference between the model for the entire sample and the restricted models in
Columns [2] and [3] is that the squares of SES and of school SES were not statistically significant
in the restricted models and were therefore omitted. This shows that the non-linearity in the
relationship between SES and reading achievement that was evident in the model for all South
African schools was due to differences between the two school “systems”, rather than due to
something inherent in the way SES affects learning, confirming what was concluded from Figure
3.20 in Section 3.4.5, where lowess-type gradients were presented for the two school “systems”
and for the overall South African sample. It was noted that the flat section of the overall lowess
curve seemed to be driven mainly by the African language schools, and the steep section was
entirely accounted for by the Afrikaans and English language schools. The non-linearity
observed in the relationship between SES and reading achievement in South Affrica therefore
appears to be driven by two separate data generating processes corresponding to the two

historically different school systems.
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Table 3.12: Separate OLS models for the historically different parts of the school system

[1] Full SA sample

[2] African language

[3] Afr/English language

Student-level variables
SES

SES squared

Under 11

Over 11

Female

Speak language of test
Homework more
Homework less

Help unnecessary
Help from parent
More than 10 books
Feel safe at school
Home-level variables
Full-time job

Early literacy: high
Early literacy: med
Parent matric only
Parent beyond matric
Teacher-level variables

Class size

Class size squared

Teacher experience 4 to 7
Teacher experience 8 to 12
Teacher experience 13 - 19
Teacher experience 20 plus
Teacher has degree
School-level variables
Afrikaans

English

Rural

Absenteeism: moderate

Absenteeism: severe
School SES

School SES squared
Constant

Sample size

R-squared

-2.35
3.28%*
-26.81%*F
-33.83%+
27.13%%*
33.38%**
15.49%%¢
12.96**
16.66*+*
9344k

18.67+*

18.64%+
13.86%+*
6.14~
1.74
38.907%+*

-1.37*%
0.01%*
-18.33
-13.97
-21.66*
-23.75%*

74.4 4%
30.13%*
-18.13*
-10.03
-15.41~
-39.17%H¢
1237

258.95%+

13342

0.65

(3.95)
(1.16)
(2.55)
(4.55)
(1.82)
(3.87)
(2.88)
(4.27)
(3.29)
(2.63)

(2.40)

(2.36)
(3.51)
(3.42)
(4.13)
(7.06)

(0.60)
(0.00)

(12.45)
(11.36)
(10.20)
(10.32)

(9.52)
(9.50)
(8.54)
(8.30)
(7.90)
(10.20)
(1.89)

(24.12)

6.25%FF

-18.98%*¢
-26.16%+*
30.51 %k
25.20%%*
13,50+
3.62

2.93
5.63~

15.99#+%

14,58+

-0.76
20.62%**

-1.19%**
0.077#+¢
-0.19
-15.14%¢
-20.07*x¢
-27.30%*¢
11.43%%*

-12.30#4F

-16.30%**

-21.71%%%

7. 7400

231.23%F¢

9185

0.26

(1.26)

@.17)
(4.27)
(2.02)
(3.99)
(2.74)
(4.26)
(3.61)
(2.92)

(2.44)

(2.44)

(2.35)
3.77)

(0.27)
(0.00)
(5.34)
(4.53)
(4.42)
(4.40)
3.71)

(2.87)
(3.83)
(3.89)
(1.68)

(10.71)

9,93k (2.70)

-40.23%% (4,67

42245k (11.44)
20.05%%* (3.65)
52.4GxHx (10.91)

25.84k% (5.12)

9.20% (4.50)
9.35% (4.52)
8.59~ (4.49)

19,03+ (4.31)

23.12%* (7.42)
3.56 (7.79)
1.72 (5.33)

36,28k (6.83)

11,72 (1.47)

0,207k (0.02)
1.76 (7.48)
3328 (6.49)
16.79%* (5.66)
19.89%* (7.08)
14.53%* (5.55)

38.81%%  (6.51)
46,864+ (3.49)

-69.03* (33.23)
2412

0.68
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Table Notes:

~ p<0.10, * p<0.05, ** p<0.01, *** p<0.001
(Standard errors in parentheses)

The model controlled for province and non-response regarding speaking the language of the test at home,
frequency of homework, availability of help with homework, feeling safe at school, number of books in
the student’s home, early home literacy activities, teacher experience, teacher degree, urbanicity of school
and absenteeism at schools. Table A.8 in Appendix G reports the complete model statistics with the
coefficients on all these additional variables.

In Column [3] the reference category for teacher experience included teachers with O to 3 years and those
with 4 to 7 years due to the small number of teachers with 0 to 3 years in this group of schools.

There are also several interesting differences in the returns to specific characteristics between the
models presented in Table 3.12. Within the Afrikaans and English language schools there were
no significant effects related to the reported frequency of homework. One possible reason for
this could be that homework practice is fairly uniformly sound in this group of schools, despite a
small proportion of students (perhaps inaccurately) reporting infrequent or no homework. In
contrast, homework practice may vary substantially within the historically disadvantaged system,
affecting student achievement. Homework practice may also be acting as an indicator of general

school functionality within this part of the school system.

The performance of students who felt that they did not need help with homework was
insignificantly different from those for whom no help was available within the African language
model. These students may have been under a false impression that they were progressing at or
above the level required of them, possibly due to a lack of assessment feedback to students or a
low standard of assessment in these schools. Research by Lam ez 2/ (2008) and Van der Berg and
Shepherd (2008) as well as analysis in Chapter 5 of this thesis demonstrates that assessment in

historically black schools often provides a rather inaccurate signal to students.

The advantage associated with receiving help from parents was most prominent in the full South
African model. This may indicate that a distinction in the quality of parental support may fall
along the same line as the distinction between these two groups of schools. The fact that the
coefficient on help from parents in Column [2] is only significant at the 90% level and is

comparatively small may reflect a lower quality of parental help that is available to students
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within African language schools. A similar pattern emerged for the effects of early literacy
activities in the home, where no significant effect was obtained in the African language model.
Two compatible reasons for this result can be hypothesised: a low quality of eatly literacy
stimulation due to lack of education amongst parents might have rendered such early childhood
activities largely ineffective, or a dysfunctional school environment might prevent any advantage

of early literacy activities from coming to fruition.

Feeling safe at school seems to matter more within African language schools than Afrikaans and
English schools. This is probably due to the reality that violence and disruptive activities are
more prevalent in the poorly functioning part of the school system. In both models the benefits
to parent education were only significant if at least one parent had education beyond matric.
Students whose parents had only matric did not do significantly better than those whose parents

had an educational level lower than matric.

The effect of class size in Column [2] is similar to that in the combined model. In the Afrikaans
and English schools, however, the effect of class size is concave rather than convex. This is
because there are no classes larger than 60 in this group of schools and therefore no flattening
out of the effect beyond a class size of 60. In all 3 models, students taught by more experienced
teachers did worse. Interestingly, a positive effect for teachers holding a degree was obtained in
the models for each of the two groups of schools but not in the combined model. This indicator
may distinguish teacher quality within each system but mean different things in the two groups
so that when they are combined the effects are concealed. This illustrates the importance of sub-

system modelling in South Affrica as separate data generating processes are cleatly operating.

The same point applies to the estimated effects of problems with absenteeism in each system.
Problems with student absenteeism were only weakly associated with achievement in the
combined model. However, in Columns [2] and [3] the dummies for both moderate and severe
problems with absenteeism were statistically significant and the effects were larger. One reason
for this may be that respondents (school principals) gauged the severity of absenteeism in their
school relative to other schools in the area or schools that seemed appropriate for comparison.
Therefore, a historically privileged school in which absenteeism was deemed severe may in fact
have had a less serious problem than a rural African language school in which absenteeism was

deemed moderate by the principal. Within each system, however, this variable appears to affect
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achievement and may also be acting as a proxy for school functionality in general. The
magnitude of the effect is considerable. For students within the African language school system,
being in a school with severe absenteeism was associated with an expected reading score nearly
22 points below that for students in schools where absenteeism was not deemed to be a

problem.

Two other differences between the models for each group of schools are noteworthy. Firstly,
the returns to advantageous characteristics are generally smaller within the African language
sample. This applies to student, home, teacher and school characteristics. Even the advantage
associated with being the right age is greater for students in Afrikaans and English schools. One
way to interpret this is that there may be a threshold level of basic school functionality that is
required before advantageous characteristics have a noticeable effect. To use an agricultural
analogy, seeds sown in a field require the soil to be of a certain quality before the innate quality

of those seeds or frequency of receiving water will have any beneficial effects.

Secondly, the proportion of the variation in reading achievement explained by each of the
models differs markedly. The R-squared values in Columns [1] and [3] indicate that the models
for the entire sample and for the Afrikaans and English samples explain a fairly large amount of
the overall variation in reading scores — approximately 65% and 68% respectively. However, the
model for the African language sample explains only about 26% of the variation in reading
scores within this group. It is likely that the large amount of unexplained variation is due to
differences in “hard to observe” characteristics such as organisational efficiency, leadership, the
professional ethic amongst teachers and other aspects of school functionality. This gets back to
the case made by Crouch and Mabogoane (1998), whose paper entitled, “When the residuals
matter more than the coefficients”, pointed to the importance of unobserved aspects of school

efficiency.

The next section tests the reliability of these production function results by applying HLM to the
PIRLS data for South Africa. This technique is considered by some to be technically preferable

to OLS when modelling student achievement data.
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3.6.3) Multivariate analysis using Hierarchical 1inear Modelling (HLM)

3.6.3.1) The HLM methodoelogy

Multilevel modelling or Hierarchical Linear Modelling (HLM) is a technique that has been
designed for statistical analysis of data with a nested structure. That is to say that the data consist
of individual observations that are nested within groups. The PIRLS dataset fits this category as
students are nested within classrooms in schools. When data is nested, group dynamics
influence the relationships between individual characteristics and the outcome of interest. For
example, the relationship between SES and reading achievement may well differ across schools.
In order to deal with this, HLM performs regressions at two levels of analysis: the “within-
school” regression model (level 1) and the “between-school” regression model (level 2). At the
first level separate regressions explaining reading achievement are estimated within each school.

Equations (3.13) and (3.14) describe the “within-school” (level 1) model.

Yi = By +T, 3.13)

Here y; denotes the reading scores for the students in the i school, B, is the intercept in the i"
school, which is the average reading score in the i™ school, and r; represents random error in the
i" school. Equation (3.13) is called a fully unconditional model because it does not include any
student characteristics as explanatory variables. The random error term (r) is therefore the

deviation from the average reading score in school 7 for each student in that school. One can
include student characteristics as explanatory variables in the “within-school” model in the

following form.

Vi = Boi + Bi Xy + By X+ i X +1, 3.14)

Here By; represents the coefficient on the first explanatory variable (X)) for the i" school. The X

variables are student-level characteristics like SES, gender or age. The B coefficients are thus

different for each school. This leads to the level 2 or “between-school” model in which the {3
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coefficients are explained by school characteristics. The form of the level 2 model is given by

equations (3.15) and (3.10).

By =0, +U, (3.15)

Here 6, is the intercept, which represents the average of all the 3,’s across the schools, and #,
represents the random error across schools. Equation (3.15) is the fully unconditional model
because no school level characteristics are included as explanatory variables and #, is therefore
each school’s deviation from the average intercept (3,). Adding school level characteristics to the

level 2 model yields equation (3.16).

Bo =0 +65,So; + 60,54, + .-+ 6, S + U, (3.16)

In equation (3.106), 6, is the coefficient on the first school level explanatory variable (§,). The §
variables are school-level characteristics such as school mean SES, class size or indicators of
teacher quality. The model in equation (3.16) explains differences in average reading
achievement between schools. This is called “modelling the intercept” because it models {3, from
the within-school model. Similarly, it is possible to allow the other 3 coefficients to vary across
schools and then model them as part of the level 2 model. For example, if {3, is the coefficient
on student SES it is possible to explore how the relationship between SES and reading
achievement differs across schools. This is often referred to as “modelling the slope”, in this

case the SES slope. The form of this model is described by equation (3.17).

ﬂO :910+911811+912812+"'+€lmslm +u1 (317)

A common critique of the application of OLS regression to nested data is that if one does not
accommodate the fact that students are located within schools, OLS will (incorrectly) treat the
data as a simple random sample. The resultant standard errors will therefore be underestimated
and the confidence intervals unrealistically tight. It is, however, possible to control for complex
sample design using survey regression, as was applied in the OLS analysis in Section 3.6.2. This

allows one to specify the Primary Sampling Unit (PSU), which in the case of PIRLS is the
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classroom, and the stratification method, which in the case of South Africa in PIRLS was done
by province. Survey regression thus adjusts the standard errors and confidence intervals
accordingly. In fact HLM models do not account for stratification. It is possible to specify a
three-level HLM where students are nested within schools, which are in turn nested within

provinces, but for the sake of simplicity this was not attempted.

There remain two important benefits to HLM that are worth mentioning here. Since HLM
estimates two error terms (R and U) it is possible to partition the overall variance in reading
achievement into “within-school variance” and “between-school variance”. This was explained
in Section 3.5.1 when the 7)o values were calculated from the variance of the error terms in the
fully unconditional level 1 and level 2 HLM models. A second benefit is that HLM portrays the
interaction of variables across the levels. For example, it is possible to observe how school mean
SES influences the way individual SES impacts on reading achievement. Raudenbush and Bryk
(2002: 5) touch on both these advantages by arguing that HLMs can be used to “pose
hypotheses about relationships occurring at each level and across levels and also assess the

amount of variation at each level.”

One word of caution is warranted in the midst of the potential benefits that are vigorously listed
by proponents of HLM: the intuition of the multi-level approach can be rather confusing to the
uninitiated and the subsequent model coefficients and statistics even less accessible. Johnes
(2004: 647) describes this methodology as “computationally intractable”. This is a significant

drawback when effective dissemination of educational research is intended.

3.6.3.2) An HLM model for the entire South African sample in PIRLS

The HLM analysis was conducted in a similar manner to the OLS analysis in that a model was
specified for the entire South African sample and then separate models were estimated for the
two historically different parts of the system. As a general rule, variables that were not found to
be statistically significant were omitted from the models, as was the procedure in the OLS

regression. The model for the entire South African sample is presented in Table 3.13.
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Intercept, B, (Average achievement)

Intercept
School mean SES
Class size
Test in Afrikaans
Test in English
Rural
Teacher experience 4 to 7
Teacher experience 8 to 12
Teacher experience 13 to 19
Teacher experience 20 plus
The student SES achievement slope, 81
Intercept
School mean SES
Class size
Rural
Under age (<11)
Over age (>11)
Female
Speak the language of test at home
Homework less than once a week
Homework more than once a week
Help at home unnecessary
Help from parent
Feel safe at school
Early literacy activities: high, 14
Intercept
School mean SES
Time spent teaching > 50%
Early literacy activities: medium
A Parent has matric only
Parent education beyond matric
Parent has fulltime job

Coefficients

301.75%**
I 2
-0.59*
81.77%**
55, 19pe

-33.42%*

-12.75
-7.41
-31.61*

-22.91

9.18%+*
3.22%
-0.12~
-5.52%
-25.08%**
-20.67***
28.8 14k
B[S s
7.23~
13774
9.45%*
3.81
1 27

10.32%*
4.773%*
9.26*
0.01

-2.88

24.206%+*

13.05%+*

Random effects

Intercept, p0j

Student SES slope, p1j

Eatly literacy activities slope, p14;

Level-1 error, rij (0°2)

Variance Components
2671.35%**

18.24+*
25.01~
4246.30

~p<0.10; *p<0.05; ** p<0.01 ; *** p<0.001
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Table Notes:

Only the student SES achievement slope and the high early literacy activities achievement gap were
allowed to vary between schools and were group-mean centred.

The model controlled for non-response regarding whether the language of the test was spoken at home,
frequency of homework, availability of help with homework, early home literacy activities, the number of
library books at schools and the urbanicity of schools. Table A.9 in Appendix G reports the complete
model statistics with the coefficients on all these additional variables.

Rho value (ICC) = 0.67

Proportion of within-school variance explained by the model = 0.18
Proportion of between-school variance in 3, explained by the model = 0.74
Proportion of between-school variance in 3, explained by the model = 0.58
Proportion of between-school variance in §,, explained by the model = 0.67

The first step in the model construction was to run the fully unconditional model, which yielded
a rho value of 0.67. This means that 67% of the overall variance in South Africa’s reading scores
is attributable to “between-school variance” and 33% is attributable to “within-school” variance.

As discussed in Section 3.5.1, this #bo value is particularly high by international standards.

The second step in the model construction was to identify student-level variables for inclusion in
the within-school (level-1) model. A large number of variables were tried and, happily, the same
combination of student-level variables that were included in the OLS full model (Column [1] of
Table 3.12) produced the most appropriate HLM.* Moreover, the coefficients on all of these
variables had the same sign as had been the case in the OLS model. The value of the average
intercept (301.75) represents the predicted reading score for a student with average

characteristics in the average school.”

The magnitudes of the estimated effects were not drastically different from those estimated using
OLS. However, in general the estimated effects on the student-level variables were somewhat
smaller in the HLM than in the OLS model. This is in line with what Gustafsson (2007) found
when comparing OLS and HLM estimates for South Africa using the SACMEQ 1II data. A

3 One exception is that the square of SES was not included in the HLM in order to allow for postestimation
graphing options involving SES using the HLM software. The same applies to the level-2 model where school
mean SES was omitted for the same reason.

37 The HLM software grand-mean centres the explanatory variables so that the average value of dummy variables is
equal to the proportion of observations that take a value of 1 for that dummy. It is therefore possible in HLM to
speak of a student with average characteristics.
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noteworthy result from the level 1 model that is consistent with the OLS modelling is that parent

education is only significantly associated with achievement once it exceeds matric.

The third step was to construct the between-school (level 2) model. As one would expect, the
within-school intercept (average reading score within each school) varied significantly across
schools. The model for the intercept yielded little that was unexpected given the results of the
OLS models. As was the case in the OLS models, school mean SES had a large and highly
significant effect on the average reading achievement of schools. The dummies for taking the
test in English and Afrikaans had very large coefficients, roughly reflecting the two historically
different systems. The coefficient on class size was negative, small and significant at the 95%
level. Decreasing class size by ten students was associated with an increase in the predicted
reading score of 5.9 points — a magnitude similar to that obtained in the OLS regression. The
estimated effect of being in a rural school was somewhat greater than was the case in the OLS
model. This may be due to the fact that the square of school mean SES was not included in the
HLM model but was in the OLS model. The rural dummy may thus to some extent reflect a

school SES effect.

The model for the intercept also showed that weaker achievement was associated with more
teaching experience. As mentioned in the previous section, a reliable interpretation and policy
implications of this result are not self-evident. At most, this result should serve as a flag for
potentially important follow up research. Apart from teacher experience, it was not possible to
identify many teacher characteristics that justified inclusion in the model. This does not
necessarily mean that teacher quality does not matter. Rather, it may simply reflect that surveys
such as PIRLS do not always successfully capture robust indicators of teacher quality.
Alternatively, the low predictive power of teacher variables may reflect the phenomenon that
aspects of teacher quality are highly correlated with school quality in general and with school

SES, which were included in the model.

Moreover, the SES slope was found to vary significantly between schools, indicating that the
relationship between SES and reading achievement differed across schools. In Figure 3.31 the
SES slopes for a random sample of schools are shown to provide an idea of how the slopes vary

across schools.
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Figure 3.31: Random sample of SES slopes within schools
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The model for the student SES achievement slope provides some interesting insights that take
the socio-economic gradient analysis somewhat further. On average, a one standard deviation
increase in student SES was associated with a gain in reading achievement of 9.18 points.
However, the positive and significant coefficient on school mean SES of 3.22 indicates that the
gradient was steeper in schools with more affluent student bodies. This result is probably
capturing the same trend that was noted in Section 3.4.5, namely that the overall socio-economic
gradient for South Africa can be decomposed into a flat gradient for the historically
disadvantaged system (at low SES) and a steep gradient for the historically privileged and high
SES schools. Figure 3.32 depicts the relationship between student SES and reading achievement
at different levels of school SES.
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Figure 3.32: Student SES slopes at varying school mean SES
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The most dramatic aspect of Figure 3.32 is the large gap between the three slopes. This indicates
that the effect of school SES dominates the potential effect of personal SES within a given
school. In addition to the considerable gaps between the slopes, the figure also highlights the

important trend that the steepness of the slopes is greater at higher levels of school SES.

The SES slope is also flatter in schools with bigger classes and in schools that are located in rural
areas.” Figure 3.33 shows the relationship between student SES and reading achievement at the

25" 50" and 75" percentiles of class sizes, controlling for all else in the model.”

The gaps
between the slopes indicate the size of the effect of class size on reading achievement, which is
-0.59 per one student increase on average. The gradients are also somewhat steeper within
smaller classes, implying that more affluent students are better able to take advantage of the

benefit of a smaller class than less affluent students, although the difference is fairly small.

38 This finding is different to that by Sirin (2005), whose meta-analysis of studies looking at the association between
SES and academic achievement found that (at least in the USA) the association was weaker in urban areas than in
non-urban areas. Locally specific factors probably account for these different findings. In South Africa rural
schools are generally less affluent than urban schools and it has been shown that the SES slope is greater at higher
levels of SES. The socio-economic difference might therefore be driving this result.

% Figures 3.32 and 3.33 demonstrate the convenience of HLM for analysing the interactions between student and
school characteristics, while still modelling these variables at their respective levels.
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Figure 3.33: Student SES slopes for varying class size
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The gap between those who had been exposed to a high level of early literacy activities in the
home and those who had been exposed to none or very little was also found to vary significantly
across schools. Although this was not anticipated, the early literacy gap was therefore group-
mean centred, was allowed to vary between schools and was modelled at the second level along

with the SES slope and the intercept.

The results of the level 2 model for the gap between high levels of eatly literacy activities versus
little or no early literacy activities, are interesting but should not on their own form the basis for
any strong conclusions. On average, students who had a high level of eatly literacy activity had a
performance advantage of 10.32 points. However, this advantage was greater in higher SES
schools and in schools where the teacher reported spending at least 50% of total school hours
on actual teaching. This would suggest that there is a greater return to early literacy activity in
higher SES schools and in schools where teaching time is prioritised. Thinking of school SES
and time spent teaching as indicators of school functionality, it makes sense that students who
arrive at school with a better grounding stand to gain more from being in a functional education

environment than do students who were not exposed to sufficient pre-school reading activity.
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This, as well as the finding that smaller classes benefit affluent students more than poor students,

fits well with the “good soil” hypothesis proposed eatlier.

In OLS regression the R-squared statistic estimates the proportion of the overall variance that is
explained by the model. In HLM, however, the overall variance is partitioned into “within-
school” wvariance and “between-school” variance. Therefore, the proportions of variance
explained at each level by the model can be estimated as an indication of the explanatory power
of the model. In this case approximately 18% of the level 1 (within-school) variance is explained
by the model. A far greater proportion of the level 2 variance is explained by the model.
Approximately 74% of the variance in the intercept (average reading achievement of schools) is
explained by the level 2 variables. Similarly, the model explains 58% and 67% of the variance in
the SES slope and early literacy activity gap respectively. Itis typically the case that HLM models
for school data are able to explain more level 2 variance than level 1 variance, as Gustafsson
(2007: 91) observes. He puts this down to two factors — firstly that surveys such as PIRLS,
TIMSS and SACMEQ are designed primarily to identify teacher and school characteristics that
are associated with educational achievement, and secondly that peer effects play an important
role in the schooling process. On the other hand, much of the level 1 variance is driven by

unobservable characteristics such as innate ability and motivation.

The fact that 74% of the variance in the intercept is explained is encouraging from the
perspective of the model design. It is also indicative that so much of what lies behind the
differential performance of South Africa’s schools comes down to the socioeconomic
environment of schools. This assertion is based on the importance of the school mean SES
variable in the model as well as the fact that the Afrikaans and English dummies are themselves

acting as proxies for SES to some extent.

In Section 3.6.2.2, separate OLS models for the two historically different parts of the school
system were compared. It was observed that in general there were smaller returns to
characteristics in the model for African language schools than in the model for schools that took
the test in Afrikaans or English. Also, much less of the variation in reading achievement within
each school “system” could be explained by the former model than by the latter. The pattern
that seems to be emerging is that there are different returns to individual characteristics across

the two school systems, one of which demonstrates a fair level of general functionality while the
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other seems to be operating at a disturbingly low level of functionality. To further investigate

this pattern, HLM models were estimated for each of the two “sub-systems”.

3.6.3.2) An HLM model for the African langnage schools

Table 3.14 reports the results of the model for African language schools only.” The intercept or
mean of each school’s average reading achievement is considerably lower in the African language
model than it was in the full model, reflecting the low overall level of performance of this part of
the school system. For the most part, the directions and magnitudes of the estimated effects of
student-level characteristics were similar to those in the full HLM model, although sometimes
these effects were slightly smaller in the model for African language schools, for example, the
coefficient on the dummy for a parent having education beyond matric. Once again, returns to

parental education only became significant at high levels of parent education.

Two variables that were included in the level 1 model for the full sample were found not to be
statistically significant in the model for African language schools and were therefore excluded
from the analysis. These were the dummies for the availability of parental help with homework
and the dummies for early literacy activities. This result is probably attributable to a combination
of two dynamics. On the one hand, the quality of parental support available during the early
years — and later with homework — may be inadequate to significantly benefit child learning. On
the other hand, the historically disadvantaged system may be operating below a threshold level of
basic functionality that is necessary for normally advantageous student-level characteristics to

yield a substantial return.

40 The sample for the African language model consists of 9837 students in 265 schools.
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Intercept, B, (Average achievement)

Intercept
School mean SES
Rural
Teacher experience 4 to 7
Teacher experience 8 to 12
Teacher experience 13 to 19
Teacher experience 20 plus
The student SES achievement slope, 81
Intercept
School mean SES
Class size
Under age (<11)
Over age (>11)
Female
Speak the language of test at home
Homework less than once a week
Homework more than once a week
Feel safe at school
A Parent has matric only
Parent education beyond matric
Parent has fulltime job

Coefficients

253.41%5¢
115,91
-20.72%*
-3.46
-27.87*
-31.00*
-33.89**

6. 110k
2.27
-0.13%*
-22.071%4F
-19.98*#*
31.86%+*
27.69%F
1.43
11.97%#+¢
10.26%**
-4.26
19.82%*%
11.13%H%

Random effects
Intercept, n0j

Student SES slope, ulj

Ievel-1 error, tij ( 0'2)

Variance Components

1703.87*+*
7.60~
4002.94

~p<0.10; *p<0.05; ** p<0.01; *** p<0.001

Note: Only the student SES achievement slope was allowed to vary between schools and was group-

mean centered.

The model controlled for non-response regarding whether the language of the test was spoken at home,
frequency of homework and urbanicity of school. Table A.10 in Appendix G reports the complete model

statistics with the coefficients on these additional variables.

Rho value ICC) = 0.34

Proportion of within-school variance explained by the model = 0.16

Proportion of between-school variance in B, explained by the model = 0.30

Proportion of between-school variance in 3, explained by the model = 0.19
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The search for school and teacher characteristics that are associated with reading achievement in
this category of schools was rather unproductive, as was the case when modelling this group of
schools using OLS regression. Only school mean SES, the dummy for being located in a rural
area and teacher experience emerged as significant predictors of the intercept (average reading
achievement in schools). The coefficient on school mean SES was smaller than it was in the
model for the full sample of schools, reflecting the flatter relationship between SES and reading
achievement in the African language sample as has been observed earlier in this chapter. Only
30% of the variance in average reading achievement between schools was explained by these
three predictors. This is substantially less than was explained by the model for the full sample.
The large unexplained variance suggests that there are important unobserved aspects of school
quality that drive performance in the historically disadvantaged school system. It is likely that
elements of efficiency such as the leadership of school principals, organisational and managerial
capacity, the effective use of resources and the work ethic of teachers are key determinants of
educational achievement in this system. These dynamics are particularly hard to capture using
surveys such as PIRLS and require more extensive investigation into school and teacher
practices. Even then, it is often hard to observe these dynamics and to avoid the problem of

changed behaviour in response to the research.

There was enough variation in the student SES slope between schools to warrant the group-
mean centering of this beta coefficient, allowing it to vary across schools and searching for
predictors.”  Only class size emerged as a statistically significant predictor of the SES slope,
although the t-statistic for school mean SES was greater than one and was therefore still included
in the model. It is interesting that class size was not significant in the model for the intercept but
was significant in the model for the SES slope. This may be merely an artefact of the data and
does not necessarily constitute an important finding. Nonetheless, the relationship between
student SES and reading achievement at different levels of school mean SES and different class
sizes according to the model is shown in Figure 3.34. It is apparent that the predicted reading
achievement of those in a class of 35 students is not significantly different from that of those in a
class of 52 on average. However, the SES slope is steeper within smaller classes. If smaller
classes lend themselves to a more conducive learning environment then this result is consistent

with the hypothesis that a favourable school environment is required in order for students with

# This means that the relationship between SES and reading achievement differed across schools, and this was
statistically significant. This justifies estimating a level 2 model that explains the different slopes across schools,
which requires that SES is centered around the mean within each school (group mean centering) as opposed to
around the mean of the entire sample (grand mean centering).
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advantageous characteristics (such as higher SES) to enjoy significant returns. However, this

particular finding is not strong evidence for that hypothesis.

Figure 3.34: Student SES siopes by school mean SES and class size
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3.6.3.2) An HLM model for the Afrikaans and English schools

The HLM model for the sample of Afrikaans and English language schools is presented in Table
3.15.% This model differs from that for the African language sample in several important
respects. 'The average reading achievement of schools is substantially higher reflecting the
superior performance of this part of the school system. The model also shows greater evidence
of positive returns to favourable characteristics, and it is able to explain a higher proportion of

the variance in reading achievement.

4 As in the earlier sections, schools that took the test in English but where less than 30% of students always spoke
English at home were excluded from this sample. These 49 schools were not included in the African language
sample either. The sample for the Afrikaans and English language model thus consists of 2,623 students in 81
schools.
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Table 3.15: HLM model for Afrikaans and English schools only

Intercept, B, (Average achievement) Coefficients
Intercept 420.98%**
School mean SES 59.69***
Class size -2.66%F*
Library books: 250-5000 7.73
Library books: >5000 34.51*

The student SES achievement slope, 1
Intercept 13.44%
Teacher has degree 28.94x¢%
Rural -12.85%*

Under age (<11) -42.30%%*

Over age (>11) -37.57#Fk

Female 21.06%+*

Speak the language of test at home 37.28%**

Help at home unnecessary 24.75%*

Help from parent 10.19**

More than ten books at home 7.53%

Early literacy activities: high 22.42%%x

Early literacy activities: medium 1.57

A Parent has matric only 7.43

Parent education beyond matric 36.63%**

Parent has fulltime job 17.33%%%

Random effects Variance Components

Intercept, p0j 1709.54*+*

Student SES slope, ulj 21.90~

Level-1 etror, tij (0°°) 4841.94

~p<0.10; *p<0.05; ** p<0.01; ** p<0.001

Note: Only the student SES achievement slope was allowed to vary between schools and was group-
mean centered.

The model controlled for non-response regarding whether the language of the test was spoken at home,
availability of help with homework, early home literacy activities, the number of library books at schools
and urbanicity of school. Table A.11 in Appendix G reports the complete model statistics with the
coefficients on these additional variables.

Rho value (ICC) = 0.66

Proportion of within-school variance explained by the model = 0.25
Proportion of between-school variance in $, explained by the model = 0.87
Proportion of between-school variance in 3, explained by the model = 0.80
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Consider first the level 1 model. The magnitudes of the estimated effects were generally larger
than in the models for the full sample and for the African language sample. For example, the
advantage of speaking the language of the test at home was 37.28 points as opposed to 27.69.
The estimated effects of parental education and the job status of parents were also substantially
larger. Moreover, several variables that were not significant predictors of reading achievement
within the African language sample were significant in this model. A dummy for having more
than ten books at home emerged positively and significantly. There was also a considerable
advantage to having parental help for homework available at home. Similarly, the coefficient on
the dummy for having been exposed to a high level of early literacy activities was large and
significant. These effects were, however, not significant in the model for African language
schools. At least two interpretations of these results are plausible, and both may have been at
work simultaneously. Firstly, the parents of students in Afrikaans and English schools, being
more affluent and better educated, were able to provide more effective home support. Secondly,
these students were located in schools that were functional and therefore offered suitably
conducive conditions for home background advantages to actually bear fruit. Once again, this is

consistent with the “good soil” hypothesis put forward eatlier.

On average, an increase in student SES of one standard deviation was associated with an increase
in the predicted reading score of just over 13 points. For the African language model this effect
was just over 6 points. This difference reflects the non-linearity in the relationship between SES
and reading achievement for the overall sample: the gradient is steeper at higher levels of SES.
It is also consistent with the pattern of greater returns to characteristics within the historically
advantaged and generally well-functioning part of the school system. The model for the SES
slope indicated that the slope was flatter in rural schools than in urban or semi urban schools, as
was the case in the model for the full sample. Also, the SES slope was significantly steeper in
schools where the teacher had completed a degree. Although this result alone does not warrant
any strong conclusions (partly due to reservations about sample size), it is interesting that Zuze
(2010: 22) also reported a similar result in the case of Botswana. She applied an HLM model to
the TIMSS 2002 data for mathematics achievement in Botswana and found that teacher
education increased the SES slope. This relationship is intuitively plausible: students with higher
SES should be better placed to benefit from more educated teachers, assuming that higher levels

of education do in fact improve the quality of teaching.
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It is evident that the main driver in the model for the intercept is school mean SES. The
estimated effect of a one standard deviation change in school mean SES is a corresponding
change in the predicted reading score of 59.69 points. This partly reflects the fact that the
Afrikaans and English language sample of schools includes a wider range of school mean SES
than the African language sample, especially at the top end. This result is also further evidence
of the pivotal role that schools play in the relationship between SES and reading achievement in
South Africa: recall that in Section 3.5.2 it was estimated that approximately 79% of the
correlation between SES and reading achievement was attributable to the mean SES of schools

students attend.

The estimated effect of class size on average reading achievement in schools was significant and
considerable, confirming what was found using OLS regression to model achievement within the
Afrikaans and English sample, where the estimated effect was of a similar magnitude. Perhaps
this part of the school system is operating at a sufficiently high level of general functionality for

advantageous school characteristics, such as class size, to exert an observable effect on learning.

A dummy for having a library with more than 5,000 books also came through significantly in the
model for the intercept.”  Interestingly, an alternative specification of the model for the
intercept (not presented here) was to include a dummy for schools having a severe shortage of
infrastructure. This variable was also a significant predictor of the intercept as long as the library
dummies were omitted from the model. Including both sets of dummies in the model yielded
insignificant coefficients. It can be concluded from this that there is some evidence that
resources make a difference in this part of the school system. There is, however, no evidence
from the production functions estimated in this chapter that resources make a difference in the
historically disadvantaged school system after controlling for other factors. This is once again
supportive of the “good soil” hypothesis and of Van der Berg’s (2008: 145) argument that

resources matter conditionally, depending on school efficiency.*

4 The dummies for number of library books were not included in the other models as there was only one African
language school which had more than 5,000 books. Therefore, this variable would have simply captured a school
system effect rather than provide information about library books that would be relevant to policy.

# A personal anecdote relating to a school visitation undertaken by the author acting as a fieldworker in May 2008
illustrates how school resources can be ineffective. It was necessary to establish the number of mathematics
textbooks present in the school for a particular grade, and initially it seemed that there were none. After a lengthy
probe, however, the author witnessed the new discovery by the relevant mathematics teacher and the “admin clerk”
that there were in fact textbooks available but that these were still in their boxes in the head of department’s office,
where they had been for over a year since their delivery!
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The HLM analysis has offered certain insights that OLS regression could not. For example, the
interactions across different levels of the model and the partitioning of variance between level 1
and level 2 were valuable contributions to the analysis. Encouragingly, the results obtained in the
OLS models do not differ substantively from those obtained in the HLM analysis. One
implication of this is that survey regression, which adjusts for complex sample design, is not
altogether inferior to HLM. The consistency of results is also important because it meets
Glewwe’s (2002) recommendation that isolated education production function results should not

be considered as definitive but that consistent results may indicate a reliable message.

This section has also highlighted the importance of conducting separate multivariate analyses for
each of the two historically different (and persistently differently performing) sections within the
South African school system. This demonstrated that the historically disadvantaged and
predominantly black system is characterised by a low level of performance, small returns to
normally advantageous student, teacher and school characteristics, and a large amount of

unexplained variation in reading achievement, pointing to issues of internal school efficiency.

The HLLM analysis demonstrated that certain school and teacher characteristics affect the extent
to which SES influences achievement. It was found that several educationally advantageous
factors, such as smaller classes, increase the effect of SES on achievement. One ideal result that
was not obtained in these models was to identify any school practices that raise achievement and
do so to a greater extent amongst poor students. Such a result may not be realistic. A more
conservative research question is therefore to ask which characteristics do raise achievement in
the poorer section of the school system. What emerged from the HLM for African language
schools in response to this question is regular homework, safety at school and younger teachers.
The analysis using OLS also implied that reducing very large classes and overcoming severe
problems with student absenteeism can be expected to improve achievement within the African
language group of schools. The next chapter continues the search for school efficiency
indicators that are linked to higher achievement within the historically disadvantaged system by
analysing data from the National School Effectiveness Study (NSES). This dataset has several
unique features, including a rich collection of school management information, which allow the

analysis to be taken further.
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CHAPTER 4: UNCOVERING INDICATORS OF SCHOOL FUNCTIONALITY IN
SOUTH AFRICA®

4.1) Motivation for a deeper probe into school management and teacher quality effects

One reason to be interested in identifying characteristics of school management and teacher
behaviour that are associated with student achievement is that the literature explaining schooling
outcomes in South Africa has generally recognised that these factors are probably important but,

due to data limitations, has been largely ineffective in pinpointing actual indicators.*

Van der Berg (2008: 153) argues that school resources do not necessarily make a difference but
that the ability of schools to convert resources into outcomes is the crucial factor, and that this is
where the policy attention is required. The ability to convert resources into outcomes is
essentially what economists of education call school efficiency. However, this tradition of
research is often unable to illuminate the specific organisational features or teaching practices
which promote greater school efficiency.  Large-scale sample surveys of educational
achievement, which form the main source of information for education production function
analysis, are not always designed for a developing country context and therefore do not
adequately capture the salient aspects of school management practice in South Africa. Also,
responses to questions put to teachers and principals tend to suffer from a systematic bias as
respondents are likely to give themselves a more favourable appraisal than would reflect reality.
Moreover, behaviour is likely to change upon observation. The result is that aspects of school
practice such as time management may not come through significantly in modelling student
achievement, even though such factors do indeed matter. School functionality or efficiency
remains something of a “black box™: resources flow into the box and differential outcomes
emerge, yet little is known or can be proven about what occurs within the box to determine the

outcomes.

4 This chapter draws on work done by the author for JET Education Services as patt of the National School
Effectiveness Study (NSES). The research has therefore benefitted from discussions including Nick Taylor, Thabo
Mabogoane and Martin Gustafsson.

46 This difficulty of demonstrating what aspects of management and teacher practice impact on student achievement
mainly applies to large-scale studies aiming to make generalised conclusions. Hoadley (2010) summarises some of
the key findings that have consistently emerged from medium and small-scale South African studies about what
factors affect student achievement. These include appropriate assessment and feedback to students, teacher
proficiency in the language of instruction, a focus on reading and written work and curriculum coverage, which is a
function of teacher knowledge and planning (Hoadley, 2010: 22).
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Van der Berg and Burger (2002), in their study of achievement in the Western Cape province,
found that approximately two-thirds of the variation in achievement could be explained by SES,
the racial composition of schools and a selection of teacher resource variables. They suggest that
the efficiency of school management was probably an important omitted variable. Similarly,
Crouch and Mabogoane (1998), combining the unexplained variation in their model with the
effect of a dummy variable for historical education department (which they regard as capturing
an efficiency dimension because SES was already controlled for in the model) estimate that
approximately 50% of the variation in school performance is attributable to the unobserved
feature of management efficiency. A production function study by Gustafsson (2007) did
manage to identify the correct allocation of management and teaching time as one management

level factor that was associated with achievement in South Africa.

Figure 4.1, which is taken from Van der Berg (2007: 857), can be regarded as suggestive evidence
of the influence of unobserved school (dys)functionality that is hindering educational
achievement in South Africa. The figure shows lowess regression lines of average school
mathematics achievement against school mean SES for South Africa and for the other African
countries in the SACMEQ 1II survey. The asset-based index for SES is comparable across all
SACMEQ countries. The lowess line for South Africa lies below that for the other countries
across most of the distribution. Only at the most affluent end of the distribution do South
African schools enjoy a performance advantage. Van der Berg (2007: 857) concludes that poor
South African children are performing worse than equally poor children in the other African
countries in this sample — this despite favourable characteristics in South Africa in terms of
pupil-teacher ratios, the availability of textbooks and teacher qualifications. The figure
demonstrates that although SES has a strong influence on achievement in South Africa and
elsewhere, there remains room for improvement at given levels of SES. Unobserved aspects of
school functionality, management efficiency and teacher behaviour are surely leading candidates

to underlie the gap in Figure 417

47 Figure 4.1 from Van der Berg (2007) is analogous to Figure 3.17 in the previous chapter, which showed lowess
lines for SACMEQ countries and South Africa, but for reading rather than mathematics. The same pattern emerged
for reading, thus adding weight to the point that poor South Aftrican schools appear to be less efficient at achieving
outcomes given the SES of their students, and that unobserved management characteristics may well underlie this
inefficiency.
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Figure 4.1: Lowess lines for South Africa and other SACMEQ countries
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Effective school management practice has thus proved hard to observe using large-scale sample
surveys. This is evident in the review by Taylor ef 2/ (2003) of factors that have been shown to
influence student achievement. They split their review into large-scale sample-based studies and
small-scale descriptive studies. They group influential factors emerging from large-scale sample
studies into the following categories: race, parent education, household income and wealth,
settlement type, family structure, gender, language use and language of instruction, teacher
qualifications, facilities, pupil-teacher ratios and learning materials. Absent from this list but
present under the list of factors described by small-scale studies is management. Taylor ez a/
(2003: 61) maintain that the task of management is to “provide an environment in which
teachers can teach and students can learn.” It is understandable that case study-type
methodologies, which involve extensive observation and open-ended description, are better
suited to capturing this management function than sample surveys, which rely mainly on closed-
ended questions. The limitation of small studies, however, is that it is not possible to generalise

from them conclusions that apply to the school system at large.

Further motivation for investigating school management more closely follows from the findings

of the previous chapter. Dramatic differences in achievement were attributable to SES and to
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the historically different parts of the school system. Very few management indicators could,
however, be found in the PIRLS dataset that were consistently associated with reading
achievement amongst South African children. Class size did have consistent effects, and this
variable, although ostensibly a resource variable, is also reflective of management practice, as was

argued in the previous chapter.

Furthermore, a large amount of unexplained variation in reading achievement amongst African
language schools remained in the restricted OLS and HLM models. It proved especially difficult
to identify school and teacher characteristics that were significantly associated with achievement
in this group of schools. One possible reason for this was offered by way of an agricultural
analogy where normally beneficial treatments given to seeds do not produce growth if the soil
itself is not fertile. Archer (1995: 16) expresses this same idea rather well: “some school systems
operate so inefficiently that certain teaching tools, which under more optimal organisational
conditions would yield achievement gains, fail to be utilised efficaciously.” When this is the case,
the use of education production functions can shift from searching for the optimal mix of school
inputs and teaching methods to identifying indicators of organisational efficiency. An indicator
is different from a school input in that it points to something else, such as the concept of
management efficiency. The identification of such indicators requires more detailed information
about school practices and teacher behaviour than is contained in the international surveys like

PIRLS and TIMSS.

The next subsection argues that the data used in this chapter does indeed boast a richer
collection of school and teacher variables as well as several other advantages that are unique in
the South African context. Section 4.3 presents mainly descriptive analysis of student
characteristics and their association with literacy and numeracy. In particular, the influence of
SES at the student and peer level is described. Section 4.4 introduces some of the more
interesting indicators of school and teacher quality that emerged from the extensive documentary
reviews and interviews with teachers and principals. The predictive power of these quality
indicators is more rigorously analysed in Section 4.5 using a variety of multivariate regression
techniques. These models take the analysis of educational achievement further than those based
on the PIRLS data in Chapter 3, due to the unique design of the NSES (which is discussed in the

next sub-section).
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4.2) The National School Effectiveness Study

4.2.1) The design of the survey

The National School Effectiveness Study (NSES) is the first large-scale panel study of
educational achievement in South African schools. The project was administered by JET
Education Services and funded by the Royal Netherlands Embassy. Students in 266 schools in
eight of the nine provinces of South Africa were tested in both literacy and numeracy in grade 3
(2007).* A year later the same students were tested using the exact same literacy and numeracy
test instruments.”” Once the two waves had been matched, a panel dataset of 11,813 students
was realised. In addition to the student tests, the other survey instruments were student
questionnaires in 2007 and 2008, a teacher questionnaire in 2008 and school principal

questionnaires in 2007 and 2008.”

The testing of the same students a year apart provides several distinct advantages over simple
cross-sections of achievement such as those offered by TIMSS, PIRLS or SACMEQ. It is now
possible to examine how much learning took place during a year of schooling. The availability of
a pre-score improves the precision with which school effects can be estimated when using
multivariate regression techniques. This is because it deals with the effects of unobservables
such as the innate ability and motivation of students. This will be discussed in more detail at the

outset of the multivariate modelling in this chapter.

A second advantage of the NSES is simply the extensiveness with which it covered school
management, teacher knowledge and teacher practice issues. A wide variety of issues were
surveyed and they were covered with remarkably fine detail for a large-scale sample survey. For
example, an extensive document review was carried out including examining the frequency of
various types of exercises in student workbooks. English teachers took a short literacy test and
mathematics teachers took a short numeracy test, allowing the effects of teacher knowledge on
student achievement to be investigated. The SACMEQ II survey had included this in its design,

but South African teachers were exempt from taking the test, reportedly due to opposition from

4 Unfortunately the project was blocked from surveying Gauteng due to other testing that was being administered
in that province at the same time.

4 A third wave was administered in 2009 testing the same students in their 5% grade. However, at the time of
writing, the data cleaning of this wave was not yet complete.

0 Information on the ex-racial department of schools was imputed from the DoE’s Master List of Schools.
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teacher unions. The third wave of SACMEQ did test South African teachers although this

dataset had not yet released into the public domain at the time of writing.

4.2.2) Summary of literacy and numeracy results in the NSES

With data from two waves of literacy and numeracy tests, several potential outcomes of interest
are available. Table 4.1 summarises the mean scores for literacy and numeracy in each year as

well as the gain scores by gender, home language and quintiles of school mean SES.”

Table 4.1: Mean NSES results by gender, home language and School SES quintile”

Literacy Literacy Literacy Numeracy Numeracy Numeracy

2007 2008 gain 2007 2008 gain
Females 20.39 28.63 8.23 29.42 35.65 0.23
Males 18.27 25.28 7.01 27.33 33.41 6.08
African language 16.93 24.14 7.21 25.08 31.01 592
Afrikaans or English 32.75 42.81 10.06 46.62 54.08 7.46
School SES quintile 1 14.83 21.40 6.57 25.15 30.32 5.17
School SES quintile 2 15.90 22.16 6.26 26.15 29.44 3.29
School SES quintile 3 14.88 21.99 7.11 22.89 28.49 5.60
School SES quintile 4 17.53 24.92 7.39 22.99 30.39 7.40
School SES quintile 5 30.96 41.08 10.12 43.44 51.28 7.84
Total 19.38 27.03 7.65 28.42 34.58 0.16

The scores in the table are expressed as percentages. An initial observation is that the scores
were rather low in general, especially considering that the difficulty level of the test questions
ranged from grade 1 level to grade 4 level. The mean achievement in literacy in 2007 (grade 3)
was 19.38%, which improved to 27.03% a year later. For numeracy the mean achievement

increased from 28.42% in grade 3 to 34.58% in grade 4.

Several other patterns are evident in the table. On all the outcomes female students performed

better than male students on average. Students whose home language was Afrikaans or English

51 An asset-based index for SES was derived for each individual. This is described in Section 4.3.2 to follow. The
mean of SES in each school was then calculated and schools were subsequently divided into SES quintiles.

52 A weight was specified to adjust for the sampling design in the analysis in this table, and in the forthcoming
analysis when appropriate. The sampling used a one stage stratification design on the basis of province so that
weights differed according to province but each student within a given province had the same weight.
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performed considerably better than those whose home language was one of the other South
African languages.”” Two factors probably drive this difference. Firstly, the tests were
administered in English, which would have afforded English speakers an understandable
advantage.” One would expect this advantage to be reduced in grade 4 as the English ability of
students in African language schools improves, but the gap appears to widen in grade 4 as seen
in Table 4.1. Secondly, students who spoke Afrikaans and English came from more affluent
homes (as measured by the asset-based index of SES) than African language students, and were
located predominantly in historically white and coloured schools. Thus a socio-economic and
school system effect also underlies the disparity in achievement by language. The outcomes were
similar across the bottom four quintiles of school mean SES, and then significantly higher on
average for the top quintile of schools. This reflects the presence of the elite group of
historically advantaged schools within the top quintile. It is significant that in literacy, for
example, the difference between the bottom and top quintile was less than half the size of the
average improvement across the years. According to this measure, therefore, the educational

backlog faced by poor students is equivalent to at least two years of learning,.

Using box plots, Figures 4.2 and 4.3 depict the provincial breakdown of literacy and numeracy
scores respectively. The thick bars extend from the 25" percentile to the 75" percentile of
scores, with the median indicated somewhere between. Both figures depict a trend of moderate
improvement across the two years. The Western Cape was the best performing province and
also achieved a significant gain over the two years. It may be cause for concern that the Eastern
Cape and the North West Province achieved negligible gains in numeracy. In contrast,
KwaZulu-Natal, Mpumalanga and the Limpopo Province all demonstrated noticeable

improvements although at very low levels of achievement.

5 Box plots of literacy and numeracy achievement for all 11 home languages are presented in Appendix H.

5% The decision to administer all three waves of testing in the NSES in English was made because the language of
learning and teaching (LOLT) in South Affrican schools changes from the mother tongue in the Foundation phase
(grade R-3) to English in grade 4. It therefore made sense to test in English at the grade 4 and 5 levels, and, for the
sake of standardising the tests, they were also administered in English in the first wave (grade 3).
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Figure 4.2: 1iteracy scores by province
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One statistical issue that should be noted when considering the gain scores in the NSES data is a
phenomenon of regression to the mean. This phenomenon occurs in numerous types of data
whenever there is a tendency for especially large or small measurements (far from the sample

mean) to be followed by repeat measurements of the same units that are closer to the sample
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mean (Barnett, Van der Pols and Dobson, 2005: 15). In this case there is a tendency for
especially low or high student scores in 2007 to be followed by scores of the same individuals
that are closer to the mean in 2008. This happens because with each individual test score there is
a degree of random error around a hypothetical true mean, which would accurately reflect the
individual’s true ability. If an individual were tested a sufficient number of times this true mean
would become evident. A large proportion of the NSES tests were multiple choice questions.
This means that the measurement error at the bottom end of test scores would be considerable.
It is therefore likely that a very low score represents an underestimation of that individual’s
hypothetical true mean, and that a repeat test would yield a higher score even if no learning has
taken place in the interim. This sort of regression to the mean would result in overestimation of
gain scores at the low end of test scores and underestimation of gain scores amongst the high

achieving students.

Figure 4.4 provides a visual test for regression to the mean. The figure shows lowess regression
lines of 2007 scores against 2008 scores for literacy (in the first panel) and numeracy (in the
second panel). The flat, and even somewhat downward sloping, parts of the lines at the low end
suggest that some regression to the mean may have occurred. For students with very low scores
in 2007 (including zero), the 2008 score predicted by the lowess regression was around 20%.
There was no difference in the predicted score for 2008 for those who scored zero and those
who scored 10% in 2007. For these students, it is likely that their 2007 score was an

underestimation of their true ability.

Figure 4.4: 1isnal test for regression to the mean
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The correlation between literacy 2007 scores and literacy 2008 scores was 0.66. When students
who scored 3% or less in 2007 were excluded, this correlation coefficient increased to 0.70. For
numeracy this figure increased from 0.67 to 0.70. This further confirms that regression to the
mean occurred to some extent at the bottom end of the distribution. One way to reduce any
bias caused by regression to the mean is to exclude very low scores from the analysis. For
several reasons this was decided against. First, this exclusion would decrease the effective
sample size by about 1000 observations. Second, for much of the analysis presented in this
chapter the sensitivity of the results to excluding very low scores was tested and it was found that
the gist of the results remained largely unchanged. Third, a factor other than regression to the
mean may also underlie the extremely low scores registered in 2007. As students were in grade 3
in 2007 the language of learning and teaching (LOLT) would have been their home language.
Most of these students would therefore probably have had very little or no experience in being
tested in English. This may account for the substantial number of students scoring zero or close

to that in the first wave of literacy and numeracy tests.

For these reasons no attempt to control for regression to the mean was made in the forthcoming
analysis. However, it is something to be aware of when interpreting patterns at the very low end

of achievement.

4.3) Student characteristics and the influence of SES

4.3.1) Descriptive analysis of selected aspects of home backgronnd

One aspect of student home background which is known to have strong racial and socio-
economic dimensions and to be associated with educational outcomes, is family structure
(Anderson ez a/, 2001). Figure 4.5 shows the percentages of students in the NSES with no
parent, a single parent and both parents present at home by home language. It is evident that
Afrikaans and English speaking students were most likely to have both parents at home and least
likely to have none. There was probably a mix of race groups amongst those students with a
home language of English or Afrikaans. Differences in family structure are likely to be even
starker by race. According to the General Household Survey of 2006, 31% of black children
between the ages of ten and twelve lived in a household with neither parent present, 41% of

black children lived with a single parent and only 28% lived with both parents present. In
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contrast, 80% of white children and 89% of Indian children between ten and twelve lived with

both parents present (calculated from the General Household Survey, 20006).

Figure 4.5: Family structure by home langnage
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Table 4.2 reveals an interesting pattern when looking at average achievement by family structure
and home language. For Afrikaans and English speaking students there are noticeable
achievement gaps between those with no parents, a single parent and both parents. A race issue
may be driving this pattern to some extent as single parent households are more common in
coloured communities than in white communities. In contrast, amongst African language
students average achievement in literacy and numeracy is similar for those of different family
structure. At least two explanations for this might hold. It could be that the quantity and quality
of parental support offered by African language parents are insufficient to substantially affect
achievement. Alternatively, this pattern could reflect that most African language students are in
schools with such a low level of functionality that parent support is unable to bring about a
significant improvement in achievement. This latter possibility motivated the production of

Table 4.3, which is the same as Table 4.2 but excludes students in historically black schools.
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Table 4.2: Literacy and numeracy achievement by family structure and home langnage

Number of Literacy 2008 Numeracy 2008
parents present African language Afrikaans/English  African language Afrikaans/English
0 23.72 35.81 30.76 44.34
1 24.21 39.98 31.63 50.37
2 24.61 47.23 30.70 60.13
Total 24.14 42.81 31.01 54.08
Number of students 9740 2048 9740 2048
Table 4.3:  Literacy and numeracy achievement by family structure and home langnage excluding historically
black schools
Number of Literacy 2008 Numeracy 2008
Parents present African language Afrikaans/English  African language Afrikaans/English
0 35.88 38.60 47.25 47.50
1 43.66 42.56 56.69 53.51
2 4413 49.05 57.71 62.49
Total 41.05 45.23 53.68 57.08
Number of students 630 1787 630 1787

Table 4.3 shows that African language students in historically white, coloured and Indian schools
perform at a level much closer to that achieved by Afrikaans and English students. Moreover,
family structure now appears to be associated with achievement for African language students.
This supports the hypothesis that school functionality and parental support interact to influence
achievement, and that low functionality in the historically black part of the system may be
prohibiting parent support from being effective. However, this does not rule out the possibility
that the quality of parental support is also driving this pattern as African language parents who
value education, are themselves relatively well educated and therefore able to provide effective
educational support, are likely to send their children to the better-performing historically white,

coloured and Indian schools.

Household size as measured by the number of siblings is another aspect of home background
that was surveyed and was inversely associated with achievement including in the multivariate
analysis, which is presented in Section 4.5. Figure 4.6 depicts the proportion of students falling

into various categories of household size.
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Figure 4.6: Household size (number of siblings)
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Numerous questions concerning the availability of educational resources and support at home
were included in the student questionnaire. The number of books at home is often considered a
good indicator of educational resources in the home. Figure 4.7 describes the numbers of books
that were reportedly present in students’ homes. The majority of students reported having fewer
than 10 books at home. It should be noted that in the multivariate analysis this variable was very
sensitive to the model specification and was not always significantly associated with achievement.
This does not imply that it is an unimportant factor. It may be that its effect was picked up by

other explanatory variables such as student SES.

Figure 4.7: Number of books at home
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The NSES captured information regarding the frequency of exposure to English through several
means. Students were asked how often they speak English, how many times per week they hear
English on television and how often they listen to English on the radio. Table 4.4 shows the
proportion of students who reported being exposed to English through speaking and through
the television at least 3 times a week, first for those whose home language was not English and
then for those whose home language was English. Exposure to English through listening to the
radio is not presented here as this variable was not consistently associated with literacy or
numeracy achievement. As one might expect, frequent exposure to English was more common
amongst those whose home language was English. The figure of 85% was probably an under-

capturing of the exposure to English for those whose home language was English.

Table 4.4: Exposure to English through speaking and television by home langnage

Speak English 3 or more times English on TV 3 or more

per week times per week
Home language not English 9% 44%
Home language English 85% 74%
Total 13% 45%

The home level characteristics described here are only a sample of the information collected in
the student questionnaire. This questionnaire also contained several questions that were suitable

to be used in the compilation of an index for student SES. This is discussed next.

4.3.2) The influence of SES

The student questionnaire in the NSES asked students about the presence of a number of
household items at their homes. Students were asked about the presence of a fridge, tap water, a
toilet, electricity, a car, a computer, a newspaper and a washing machine. PCA was applied to
these in order to derive appropriate weights for each variable in an SES index. This is exactly the
same technique that was used to derive an SES index in Chapter 3, as explained in Section 3.3.
The index was standardised to have a minimum value of zero and a standard deviation of 1. The
mean of SES within each school was also derived in order to capture the overall SES of each

school.



159

Figure 4.8 presents the basic linear socio-economic gradients of the same sort that were
estimated using the PIRLS data in the previous chapter. Gradients for all four outcomes are
presented. The heights of the lines differ somewhat due to the higher achievement in 2008 than
2007 and due to the fact that scores were higher for numeracy than for literacy. The slopes of
the various lines are essentially similar, although the lines for numeracy are somewhat steeper
than for literacy. A one standard deviation increase in SES was associated with an increase in the

numeracy 2008 score of 6.81% whereas for literacy 2008 an increase of 6.23% was found.

Figure 4.8: Basic socio-economic gradients for literacy and numeracy in both years
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The association of the mean SES within each school with achievement is depicted in Figure 4.9
by means of a percentile plot. The figure shows a percentile plot of both school mean SES and
numeracy score in 2008 (grade 4). Note that in the plot schools are ranked into percentiles of
mean school SES and that three percentile moving averages are presented in order to smooth the
curve somewhat. The figure reveals that the relationship between numeracy achievement and
school SES is pretty much flat amongst the bottom 80 percentiles. Only amongst the most
affluent 20% of schools does numeracy achievement start to rise, and then dramatically so. This
reflects that the historically privileged and still well-performing schools are located in this top

bracket.
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Figure 4.9: Percentile plot of mean school SES and numeracy score 2008
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Another preliminary way to analyse the influence of SES is to run an OLS regression predicting
achievement based only on student SES and the mean SES in each school. Including both
student and school SES allows one to assess the relative importance of these two factors. Table
4.5 reports the regression statistics for such a regression predicting literacy achievement in grade
4. Note that the inclusion of the squared and cubed versions of mean school SES was motivated
by the sharp increase in the effect of SES on achievement at higher levels of SES that was
evident in Figure 4.9, and was justified by this third order specification providing a better model

fit than either a linear or quadratic specification.

Due to the third order specification of school mean SES the coefficients reported in Table 4.5
are easier to interpret through graphing the results. Figure 4.10 depicts the predicted literacy
score in 2008 according to the regression in Table 4.5. Movements along the horizontal axis
represent changes in school mean SES, while the vertical width of the band of predicted values is
due to variation in student SES while school mean SES is held constant. It is evident that
variation in student SES at given levels of school mean SES was associated with fairly small
changes in the predicted literacy achievement, whereas a movement to the top end of the school
SES spectrum was associated with a very substantial increase in the predicted literacy score. It

can therefore be said that the SES of a school has a more telling impact on student achievement
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than the student’s own SES, although the latter may well determine what type of school students

are able to attend.

Table 4.5: The effect of SES on literacy scores: student level and school level combined

Dependent variable: Literacy score 2008

Mean School SES 13.44%*x*
(1.46)
Mean school SES squared -10.81#**
(0.75)
Mean school SES cubed 2.477FFk
(0.11)
Student SES 1l Sl
(0.17)
Constant 16.03%%*
(0.81)
R-squared 0.38
N 11813

* p<0.05, ** p<0.01, *** p<0.001
(Standard errors in parenthesis)

Figure 4.10: SES gradient for literacy: School SES combined with student SES' (based on Table 4.5)
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As considered at some length in chapter 3, the influence of SES on achievement in South Affica
is intertwined with the historical divisions in the governance of schools on the basis of race. The
former education department of schools was not indicated in the PIRLS data and so the
language in which schools chose to take the test was used as a proxy for this. It was, however,
possible to identify the former department for the schools in the NSES, as discussed earlier in
this chapter. Figure 4.11 presents kernel density curves of numeracy achievement in grade 4 by
former education department. In many of the rural parts of South Africa historically black
schools were under the administration of the so-called homelands governments. Schools for
black children in the rest of South Africa were administered by the Department of Education
and Training (DET). The distributions of achievement for these two groups of schools look
very similar, as Figure 4.11 suggests. The distribution for historically coloured schools is
concentrated at a somewhat higher level and displays considerable variance. The distribution for
students in historically white schools lies dramatically to the right. This figure clearly
demonstrates what has been described as the “bimodality” of educational achievement in South

Atfrica (e.g. Fleisch, 2008).

Figure 4.11: Kernel density curves of numeracy achievement by historical education department
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During the years since these historically different parts of the school system were brought under
a single administration, there has been some migration of black students into historically white,
coloured and Indian schools, although not in the opposite direction (Soudien, 2004). Figure 4.12
compares the achievement of African language students in historically black schools with African
language students in historically white schools. It is clear that those in historically white schools
are performing at a much higher level on average. Although it is mainly an elite black middle
class that attends historically white schools, Figure 4.12 is surely also indicative of a different
level of school effectiveness that is present in these two systems. To analyse this further requires
multivariate analysis that also controls for individual SES of students in the different parts of the
school system. Thus, simple OLS regressions were estimated, predicting the literacy and
numeracy achievement of students whose home language was not English or Afrikaans,
conditional upon student SES, mean school SES and former department. The results are
reported in Table 4.6 and the predicted values for those in historically white and historically

black schools are plotted in Figure 4.13.

Figure 4.12: Kernel density curves of numeracy achievement for African language students by bistorical

edncation department

.025
1

015
1

01
|

.005
1

/

T T
0 20 40 60 80 100
Numeracy score 2008

Ex-DET/Homelands schools Historically white schools




164

Table 4.6: OLS regressions predicting literacy and numeracy achievement for African langnage students

by historical education department

Explanatory variables For Literacy 2008 For Numeracy 2008
Student SES 0.74*%%F (1.56) 0.81F*F (0.24)
Mean School SES -8.41%+F% (2.45) -13.40*%* (4.49)
Mean School SES squared 3.03*+* (0.75) 3.95%  (1.32)
HOR (C) 0.14  (1.41) 1.88 (2.30)
HOD (I) 6.38  (5.16) 13.50%  (5.53)
HOA (W) 14.54%%  (4.64) 23.56*%* (7.56)
Constant 25.42%F%% (1.75) 37.39%%F (3.48)
R-squared 0.2100 0.1414
Observations 9740 9740

~p<0.10; *p<0.05; ** p<0.01; ***p<0.001

Note: Standard errors in parentheses

Figure 4.13:  Predicted literacy and numeracy achievement for African langnage students by historical

edncation department
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The table and figures demonstrate that even when controlling for student and school SES,
African language students in historically white schools enjoy a considerable performance
advantage over those in historically black schools. This difference is statistically significant and
large, especially so in the case of numeracy. It is clear from this analysis that although
achievement is strongly connected with student SES, much of this connection has to do with the

effectiveness of schools in which students are located.
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The next section describes several school and teacher characteristics captured in the NSES that

can be considered indicators of quality.

4.4) Indicators of school and teacher effectiveness

Teacher knowledge has rarely been measured in large-scale sample surveys of student
achievement in South Africa. The NSES administered a comprehension test with 7 questions to
English teachers and a 5-mark test for mathematics teachers. The shortness of these tests means
that they provide limited measures of teacher knowledge, but this feature does at least allow for
the analysis to be taken one step further than before. Figure 4.14 shows a histogram of scores
on the English teacher test. The histogram is skewed to the right indicating that most of the
scores were concentrated at the higher end. Although there were few extremely low scores,

there was still a lot of variation in teacher knowledge and only 16% of teachers scored 100%.

Figure 4.14: Histogram of English teacher test scores
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An extensive review of student workbooks yielded several interesting indicators of curriculum
coverage and the amount and type of work being done by children throughout the year. Figure
4.15 provides an indication of the amount of extended writing (defined as half a page or longer)
that is undertaken by grade 4 students in South African schools. In a large number of cases this
information was unspecified. Some of these may have been situations where the student

workbooks were unavailable, but it is unclear what an unspecified response signifies in cases
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where other information from student workbooks was recorded. In 110 of the remaining 160
English classes no evidence could be found of extended writing. In only 18 classes could i